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Type 1 Diabetes
Introduction
Type 1 diabetes is a long-term autoimmune disease where the pancreas does not produce insulin, a hormone that helps to maintain normal blood sugar in the bloodstream. This essay discusses the impact of Type 1 diabetes on the urinary system, resulting in a severe microvascular event, diabetic kidney disease (DKD) or diabetic nephropathy. This essay illustrates the importance of the endocrine system, differentiating the urinary system and the effects of endocrine failure by considering the processes by which chronic hyperglycemia impairs kidney structure and its functions.
The Endocrine System and Insulin Function
The endocrine system is an intricate group of glands that secrete hormones to process bodily functions and achieve homeostasis. The pancreas is a long, slender organ found behind the stomach, which has two functions: an exocrine gland (looking at the pancreatic secretions) and an endocrine gland (looking at the secretions of the pancreatic hormones). Moreover, this gland has specialized cell clusters situated in the forms of islands also known as the islets of Langerhans, which constitute about 1 -2% of the entire pancreatic tissue (Nakrani et al., 2023). In these islands, insulin is produced by alpha cells found within the islets that constitute 65-80s of all cells in the islets. Insulin is a peptide hormone that is an anabolic hormone regulating energy storage and its use in the case of feeding and maintenance (Marques et al., 2025). After ingesting food and raising blood glucose concentration, insulin is released by beta cells to stimulate the absorption of glucose into muscle and fat tissue that needs insulin, glucose uptake into the liver, and increasing synthesis by the liver of glycogen to store. By these mechanisms, insulin keeps the blood glucose levels at a tight range of 46 millimolar (70110 mg/dL) and thus glucose levels are maintained at homeostasis.
The Urinary System and the Structure of the Kidneys
The urinary system includes the kidneys, ureters, bladder, and urethra, and the main organs of filtration are the kidneys. The kidneys have about a million functional units, nephrons, used to filter blood and produce urine per kidney. The nephron is made up of two parts: the renal corpuscle (which contains a specialized capillary network enclosed by the Bowman capsule), and the renal tubule which contains an additional part also known as the proximal tubule, loop of Henle, distal tubule, and collecting duct (Lv et al., 2025). Three layers make up the glomerular filtration barrier: the endothelium is fenestrated, the glomerular basement membrane (GBM) belongs to the basement membrane, and fundamentally, podocytes with foot processes permit the appearance of small molecules, including glucose, ions, and urea, but not big proteins and blood cells into the glomerulus (Zhang et al., 2024). Glomerular filtration takes place through the GBM at about 180 liters per day and is reabsorbed and secreted in the renal tubule to form about 1-2 liters of final urine. Such a mechanism provides electrolyte balance, acid, and base homeostasis, as well as the excretion of waste.
The Interactions between the Endocrine and Urinary Systems
The endocrine system and the ureteral system collaborate to ensure a general homeostasis in the regulation of glucose and provide kidney perfusion. Direct effects of insulin on renal function are by promoting the reabsorption of glucose through the proximal tubule; in normal conditions, glucose condensed by the nephrons is fully reabsorbed under the influence of insulin-dependent glucose transporters, and glucose is not lost in the urine (Y. Ma et al., 2025). Also, insulin balances electrolyte reabsorption and electrolyte concentration that is required to generate appropriate water reabsorption, thus concentrating urine. Insulin receptors are also present in the kidney itself, in the podocytes and in the tubular cells, and the kidney should be able to respond directly to the circulating insulin on the cells (Lv et al., 2025).
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Diagram 1: Diabetes-Induced Glomerular and Tubular Damage (Source from Qazi et al., 2022)
Moreover, the kidney is also involved in glucose homeostasis via gluconeogenesis and the process of making new glucose using amino acids and glycerol (approximately 20-40% of the overall endogenous glucose production during the costing of glucose is through gluconeogenesis) (Diagram 1). This shows the degree of interdependence between these systems: normal endocrine function maintains sufficient pressure in the bloodstream to drive cellular activity and metabolism, and the kidney itself helps to maintain blood glucose levels via gluconeogenesis and glucose processing.
Type 1 Diabetes, Hyperglycemia, and Diabetic Nephropathy
Diabetes type 1 is an autoimmune destruction of the pancreatic beta-cells, which causes insulin deficiency (absolutely), and a chronic elevation of blood glucose. Prolonged high blood glucose levels initiate various disease cycles in the kidney. Continuous hyperglycemia triggers multiple intracellular pathways such as the generation of advanced glycation end products (AGE), elevated oxidative sins on the result of overproduction of reactive oxygen species (ROS), and protein kinase C and nuclear factor kappa B (NF-κB) signaling (Zhang et al., 2024). Those molecular changes lead to hyperfiltration glomerular, an initial process of compensation in which the afferent renal artery dilates and the intraglomerular pressure rises, and the glomerular filtration rate increases beyond normal. As time progresses, permanent hyperfiltration destroys the glomerular filtration barrier in a variety of ways all of which are the following: the glomerular basement membrane becomes thick, mesangial cells proliferate and increase mesangial matrix and the podocytes (the specialized epithelial cells forming the filtration barrier) undergo cytoskeletal reorganization and foot process effacement which means the podocytes loss ability to hold the barrier integrity (Larrinaga et al., 2024). This is a degeneration of the glomerulus known as glomerulosclerosis. The larger molecules, such as albumin and other proteins, pass into the urine as the filtration barrier becomes damaged and more permeable - a condition known as proteinuria. At first, it is rather small, but as damage to the kidneys advances, macroalbuminuria results (over 300mg per 24 hours). Proteinuria provokes inflammatory reactions: filtered proteins activate the complement cascade and induce the release of the pro-inflammatory cytokine tumor necrosis factor-alfa (TNF) and interleukin-6 (IL-6) by tubular epithelial cells, which calls macrophages and stimulates fibrosis (X. Ma et al., 2025). Overt proteinuria is accompanied and usually preceded by tubulointerstitial injury; hyperglycemia-induced basal cell damage in tubules and interstitial fibrosis is another associated and mediated by similar ROS and AGE mechanisms. The renin angiotensin aldosterone system (RAAS) is increasingly activated in reaction to decreased renal perfusion, further increasing intraglomerular pressure and speeding up glomerular damage. As a result, the glomerular filtration rate reduces gradually, but with time it increases more rapidly as scarring becomes more prominent. Hypertension develops in patients (exacerbating the damage already caused by glomerulonephritis), and the kidney performance decreases between normal (eGFR >90 mL/min/1.73m 2 ) through the phases of chronic kidney disease up to end-stage renal disease (eGFR <15 mL/min/1.73 m 2 ), requiring dialysis or transplantation. As a complication of type 1 diabetes mellitus, diabetic kidney disease has emerged as the largest cause of end-stage renal disease across the globe (3040 percent of all types of ESRD in the developed world), and among the most severe long-term effects on morbidity and mortality.
Conclusion
The effects of the resulting chronic hyperglycemia are a cascade of molecular and structural damage to the kidney, leading to progressive destruction of the glomerular filtration barrier and tubular structures. Diabetic kidney disease is one of the major clinical complications that needs early diagnosis and effective control over the disease to slow down the progression and enhance the patient's outcome.
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