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ABSTRACT

Chronic hyperglycemia triggered by diabetes mellitus is a determining factor in the progression of diabetic nephropathy, a leading cause of chronic kidney
disease. This article reviews the biochemical and physiological mechanisms through which hyperglycemia contributes to renal damage, focusing on studies

published between 2021 and 2024.

Introduction

Chronic kidney disease (CKD) is a globally significant public
health condition with increasing prevalence and substantial
adverse consequences for patients and healthcare systems. Among
the various etiologies of CKD, diabetic nephropathy emerges
as a major contributor, exacerbating the progression of renal
dysfunction in patients with diabetes mellitus. It is estimated that
approximately one-third of diabetes patients develop diabetic
nephropathy over their lifetimes, with an increased risk of end-
stage renal disease and associated cardiovascular complications
[1]. Chronic hyperglycemia, characterized by persistent elevated
blood glucose levels, plays a central role in the pathogenesis
of diabetic nephropathy. This phenomenon not only promotes
hemodynamic and structural changes in the kidneys but also
induces a cascade of biochemical and physiological events
culminating in progressive renal damage. Understanding
the mechanisms by which hyperglycemia contributes to the
deterioration of nephrons is crucial for the development of
effective preventive and therapeutic strategies.

Methodology

For this review article, a systematic search was conducted in
major scientific databases including PubMed, Scopus, and Web
of Science. Search terms included “hyperglycemia,” “renal

damage,” “diabetic nephropathy,” “biochemical mechanisms,”
and “physiological mechanisms.” Articles published between
2021 and 2024, including original studies, systematic reviews,
and meta-analyses, were selected, focusing on the molecular and
cellular mechanisms underlying hyperglycemia-induced renal
damage in experimental models and human patients.

Results and Discussion

Analysis of the selected articles revealed a complex network of
mechanisms through which hyperglycemia contributes to renal
damage in diabetic nephropathy. Among the key biochemical
findings, oxidative stress stands out as a critical factor in the
pathogenesis of chronic kidney disease induced by diabetes.
Hyperglycemiapromotes excessive production ofreactive oxygen
species (ROS), overwhelming endogenous antioxidant systems
and resulting in oxidative damage to cellular components of
nephrons [2]. In addition to oxidative stress, advanced glycation
end products (AGEs) emerge as another central mechanism in
diabetic nephropathy. AGEs result from non-enzymatic binding
of reducing sugars with proteins and lipids, forming complex
structures that accumulate in renal tissues. Interaction of
AGEs with their receptors (RAGE) triggers inflammatory and
fibrogenic responses, exacerbating the progression of interstitial
fibrosis and tubular dysfunction [3].
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Figure 1: Hyperglycemia leading to increased ROS generation
causing oxidative stress

Physiologically, hyperglycemia induces glomerular hyperfiltration,
increasing intraglomerular pressure and contributing to structural
damage in glomerular capillaries. This initially compensatory
phenomenon eventually leads to glomerulosclerosis and
progressive loss of renal function [4]. Furthermore, chronic
inflammation plays a crucial role in the pathogenesis of diabetic
nephropathy, with activation of inflammatory pathways mediated
by pro-inflammatory cytokines and chemokines promoting
leukocyte infiltration and release of pro-fibrotic mediators in
renal [5].

Conclusion

In conclusion, hyperglycemia exerts a series of deleterious effects
on the kidneys through complex and interrelated mechanisms,
including oxidative stress, AGE formation, inflammation,
and glomerular hyperfiltration. A deep understanding of these
mechanisms is crucial for the development of therapeutic
approaches aimed at preventing and treating diabetic
nephropathy. Future research should continue exploring novel
pharmacological and non-pharmacological strategies that can
modulate these pathological pathways, thereby improving
clinical outcomes and quality of life for patients affected by
diabetes mellitus.
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