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ABSTRACT 

Diabetic nephropathy (DN) is a specific kidney damage in diabetes mellitus 

(DM), caused by the influence of hemodynamic and metabolic factors. It is in the 

kidneys that an important stage of vitamin D metabolism occurs—1α-hydroxylation, 

which results in the formation of its main biologically active form. A decrease in the 

number of functioning nephrons in DN leads to disruption of vitamin D metabolism, 

contributing to the development of a number of complications. In this review, we dwell 

in detail on both the normal metabolism of vitamin D and the peculiarities of vitamin 

D metabolism in chronic kidney disease (CKD). DN is the most common cause of CKD 

and, as a consequence, kidney transplantation, as well as one of the leading causes of 

cardiovascular morbidity and mortality in patients with diabetes. Mineral and bone 

disorders due to CKD, caused by abnormal vitamin D metabolism, are also independent 

factors of high mortality among patients with DN. The final part of our review briefly 

highlights modern approaches to vitamin D therapy in CKD, and in particular DN. It 

is worth noting that, despite the growing number of patients with DN, there is currently 

no consensus on the use of vitamin D as a therapeutic agent for this pathology. 

Keywords: vitamin D; vitamin D metabolism; diabetic nephropathy; chronic 
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INTRODUCTION 

Vitamin D deficiency and insufficiency are highly prevalent both in the general 

population and among patients with CKD [1]. CKD develops in approximately 40% of 

patients with diabetes and is the main reason for switching to renal replacement therapy 

[2]. The increasing prevalence of CKD in patients with diabetes is directly proportional 

to the rapid increase in the prevalence of both type 1 and type 2 diabetes worldwide 

[3]. CKD is an independent factor of increased risk of cardiovascular diseases, and in 

particular one of the leading causes of death in patients with diabetes [4]. Between 

1990 and 2012. the number of deaths associated with diabetic nephropathy (DN) 

increased by 94% [5]. This increase is one of the highest among all chronic diseases 

[6]. The steady increase in the number of patients with DN requires a careful and 

comprehensive approach to the management of this pathology. Mineral and bone 

disorders due to CKD, due to impaired vitamin D metabolism, are known factors of 

increased mortality in this pathology. NORMAL 

VITAMIN D METABOLISM 

Vitamin D exists in two native, biologically inactive forms: vitamin D3 

(colecalciferol), the most important source in the human/animal body, synthesized in 

the skin, and vitamin D2 (ergocalciferol), its plant analogue [7]. In the cells of the outer 

layers of the skin, vitamin D3 is formed from a precursor substance - 7-

dehydrocholesterol (7DHC). Exposure to ultraviolet radiation in the range of 290–315 

nm leads to the formation of previtamin D, followed by thermal isomerization of the 

latter into vitamin D [8]. Vitamin D concentrations depend on the activity of the 

enzyme 7-dehydrocholesterol reductase (DHCR7), which is involved in the conversion 

of 7DHC to cholesterol. In this case, the formation of vitamin D is limited by the 

amount of available substrate, i.e. 7DHC itself. On the other hand, loss of DHCR7 

activity enhances the biosynthesis of colecalciferol and reduces cholesterol formation 

[9]. Inactive forms of vitamin D are converted to biologically active forms through a 

two-step sequential hydroxylation process, which allows the concentration of active 

forms of vitamin D to be controlled within a narrow range and therefore prevents the 

potential adverse effects of excess. The first stage of metabolic activation of vitamin D 

occurs in the liver, where 25-hydroxyvitamin D (25(OH)D), or calcidiol, is formed 

under the action of 25-hydroxylase. There are many enzymes that have 25-hydroxylase 

activity, such as CYP2R1 and CYP27A1 [10]. They are distinguished by their ability 

to hydroxylate various native forms of vitamin D, namely colecalciferol or 

ergocalciferol. Most of vitamin D is hydroxylated at position 25 (C25) during its first 

passage through the liver [11]. 25(OH)D is the main form of vitamin D, forming its 

reserves and also circulating in the bloodstream; it is the indicator of the level of 

vitamin D in the body [12]. 25(OH)D undergoes a final activation step to become 1,25-
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dihydroxyvitamin D (1,25(OH)2 D), or calcitriol. 1,25(OH)2 D is formed 

predominantly in the epithelial cells of the proximal tubules of the kidneys under the 

action of CYP27B1, a mitochondrial enzyme with 1α-hydroxylase activity [13]. It has 

now been proven that CYP27B1 is expressed by cells not only of the kidneys, but also 

of a number of other organs, including the placenta, pancreas, intestines, parathyroid 

glands (PTG) and macrophages [14]. Another step in the vitamin D metabolic pathway 

is 24-hydroxylase (CYP24A1)-controlled inactivation in the kidneys. The addition of 

a hydroxyl group at the 24th position (C24) promotes the catabolism of both 25(OH)D 

and 1,25(OH)2 D with the formation of an intermediate product - 1,24,25-

trihydroxyvitamin D (1,24,25( OH)3 D) and ultimately water-soluble calcitroic acid 

and the inactive metabolite 24,25-dihydroxyvitamin D (24,25(OH)2 D) [7]. Of interest 

is the participation of human CYP24A1 in the alternative pathway of degradation of 

vitamin D molecules through 23-hydroxylation, however, its contribution to the 

catabolism process is significantly lower [15]. Renal CYP27B1 activity is regulated by 

Ca2+, PO43-, parathyroid hormone (PTH), and fibroblast growth factor 23 (FGF23). 

Hypocalcemia stimulates the secretion of PTH, which increases the activity of 

CYP27B1. On the other hand, in response to hyperphosphatemia, bone tissue cells 

produce FGF23, which inhibits the activity of CYP27B1 [16]. Increasing the 

concentration of 1,25(OH)2 D also directly reduces the activity of CYP27B1, 

increasing the activity of CYP24A1, which leads to degradation of the active form of 

vitamin D (Fig. 1) [17]. Thus, the metabolism of vitamin D is under strict control of 

various factors, which prevents the accumulation of excessive concentrations of 

calcitriol with the potential development of hypercalcemia and hyperphosphatemia. 

VITAMIN D AND CHRONIC KIDNEY DISEASE The kidneys are a key organ in 

the regulation of vitamin D metabolism, so impaired kidney function can lead to 

vitamin D insufficiency/deficiency, which is often observed in patients with CKD, 

regardless of the previous etiological factor. Violation of vitamin D metabolism in 

CKD is caused by several mechanisms. As CKD progresses, the number of functioning 

nephrons and, consequently, the expression of CYP27B1 decreases, which slows down 

the process of 1α-hydroxylation in the kidneys [18, 19]. A gradual decrease in 

glomerular filtration rate (GFR) limits the delivery of 25(OH)D to the zone of its 

activation [20]. As a result, insufficient concentrations of 1,25(OH)2 D in patients with 

CKD may stimulate the development of secondary hyperparathyroidism (SHPT) [21]. 

Hyperphosphatemia is an equally important factor that reduces the concentration of the 

active form of vitamin D in CKD. In response to an increase in the level of phosphorus 

in the blood, the synthesis of FGF23, a protein responsible for its homeostasis in the 

body, increases [22]. FGF23 inhibits the expression of 1α-hydroxylase while 

stimulating the expression of 24-hydroxylase, which enhances the catabolism of 

https://t.me/Erus_uz


Educational Research in Universal Sciences                                                                                                                                   

ISSN: 2181-3515                                                                   VOLUME 3 | SPECIAL ISSUE 4 | 2024 
 

  
 

https://t.me/Erus_uz                         Multidisciplinary Scientific Journal                          February, 2024 684 

 

vitamin D. Thus, the main effect of FGF23 on phosphorus metabolism is 

hypophosphatemic, but it also indirectly contributes to a decrease in intestinal calcium 

absorption and, as a result, hypocalcemia and increased PTH (Fig. 2) [18, 23]. Under 

normal conditions, vitamin D metabolites circulate bound to transport proteins, the 

main of which is vitamin D binding protein (VDBP). Its concentration significantly 

exceeds the concentration of all forms of vitamin D metabolites [10]. Therefore, most 

VDBP circulates in an unbound form as an alloprotein. It has been suggested that the 

excess of VDBP may be due to its protective role against toxic excess vitamin D [24]. 

25(OH)D and VDBP pass through the glomerular filter and are then reabsorbed in the 

proximal renal tubules by megalin [25]. Megalin is a multiligand receptor that mediates 

the endocytosis of 25(OH)D and thus its delivery for 1α-hydroxylation [26]. A decrease 

in the filtration capacity of the kidneys and the development of proteinuria contribute 

to the loss of both VDBP, and the associated 25(OH)D itself and its metabolites [18, 

27].  

PATHOPHYSIOLOGICAL RELATIONSHIP OF VITAMIN D AND 

DIABETIC NEPHROPATHY 

A fairly large number of preclinical studies have been carried out on rats and mice, 

which assessed the nephroprotective effect of vitamin D on the development of DN, 

including in the form of a significant decrease in blood creatinine levels and the rate of 

albumin excretion in urine, as well as an improvement in the histological picture of the 

kidneys [32]. The study of the molecular mechanisms of this process revealed its direct 

dependence on the presence of an active vitamin D receptor [32, 33]. Noteworthy are 

the results of a study conducted by Y. Wang et al., in which the authors showed that 

restoration of the expression of the vitamin D receptor in podocytes in mice with 

streptozotocin-induced diabetes almost completely blocks the development of DN 

[34].  

MODERN APPROACHES TO VITAMIN D THERAPY 

Currently, there is no consensus on the target level of 25(OH)D, the dose of 

vitamin D and the management of SHPT in patients with mineral and bone disorders 

due to CKD due to the lack of a significant evidence base. The 2017 Kidney Disease 

Initiative to Improve Global Outcomes (KDIGO) guidelines do not suggest specific 

targets for 25(OH)D levels in patients with CKD. It is proposed to assess 25(OH)D 

levels in patients with CKD C3a–5D and correct vitamin D deficiency and 

insufficiency according to the strategy recommended for the general population [40].  

CONCLUSION 

The current state of the analyzed issue is characterized by the lack of a significant 

evidence base regarding the treatment of mineral and bone disorders due to CKD in 

DN and a consensus on the cut-off values of PTH levels necessary to initiate therapy 
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with active vitamin D metabolites, especially in the pre-dialysis stages. All this 

significantly complicates the treatment of such patients. Taking into account that the 

incidence of DN is steadily increasing, it is necessary to conduct more randomized 

clinical trials in order to form a unified concept of vitamin D therapy for patients with 

DN. 
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