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Abstract
Diabetic Kidney Disease (DKD) is a leading cause of Chronic Kidney Disease (CKD) and end-stage renal disease worldwide, 
significantly contributing to morbidity and mortality. Among its forms, non-proteinuric DKD is increasingly recognized as a distinct 
clinical entity characterized by renal dysfunction without the hallmark proteinuria seen in traditional diabetic nephropathy. This 
literature review aims to evaluate the potential renoprotective role of vitamin D in non-proteinuric DKD and synthesizes current 
evidence on vitamin D’s mechanisms of action, including regulating pro-inflammatory cytokines such as IL-6 and TNF-α, inhibiting 
RAAS hyperactivation, mineral homeostasis, and reducing fibrosis through modulation of TGFβ and connective tissue growth factors.
Additionally, it highlights vitamin D as a promising adjunctive therapy for non-proteinuric DKD, warranting further investigation to 
establish its clinical utility and integration into comprehensive management strategies. Furthermore, vitamin D’s potential synergy 
with established renoprotective agents, such as Angiotensin-Converting Enzyme Inhibitors (ACEis), Angiotensin II Receptor Blockers 
(ARBs), and Sodium-Glucose Cotransporter 2 (SGLT2) inhibitors, is explored. While preclinical and clinical studies suggest that 
vitamin D supplementation may mitigate inflammation and fibrosis in DKD, conflicting evidence exists regarding its efficacy in 
improving renal function metrics such as Glomerular Filtration Rate (GFR) in non-proteinuric cases. Gaps in research, particularly 
regarding optimal dosing and long-term outcomes, underscore the need for randomized controlled trials in diverse populations. 

Keywords: Bone-Mineral Disorder; Chronic Kidney Disease; 
Diabetic Kidney Disease; Non-Proteinuric Kidney Disease; 
Renoprotection; Vitamin D

Methodology
A systematic literature search (PubMed, Embase, Cochrane 
Library, CNKI, WANGFANG, and VIP) was performed to identify 
articles published between September 2007 and July 2018. The 
search items were vitamin D, cholecalciferol, calcitriol, 1, 25(OH)
D3, paricalcitol, and diabetic nephropathy, diabetes, chronic kidney 
disease in the title, abstract, and keywords, with no restriction 
imposed. Additional papers were found through a manual search 
for reference lists of review articles.

Chronic Kidney Disease

Chronic Kidney Disease (CKD) is defined as an abnormal kidney 
structure or function that lasts more than 3 months [1]. To be 

diagnosed with CKD, the patient must have decreased Glomerular 
Filtration Rate (GFR) {<60mL/min per 1.73 m2} alone or 
decreased GFR and another marker of kidney damage, including 
albuminuria (Albumin: Creatinine Ratio ≥30mg/g), hematuria, 
abnormal structure as determined by imaging, abnormal histology, 
history of a kidney transplant, and urine sediment abnormalities 
[1]. CKD can be caused by a primary kidney disease or a systemic 
disease affecting the kidneys. The pathophysiology of CKD will 
vary depending on the cause. Worldwide, the most common causes 
of CKD are diabetes and hypertension [1]. CKD is categorized 
using the CGA classification for Cause, GFR, and Albuminuria 
[1]. GFR is divided into categories G1-G5, with G1 being a GFR 
≥90 and G5 being kidney failure or a GFR <15. Albuminuria is 
divided into A1-A3, with A1 being normal to mildly increased 
albuminuria and A3 being severely increased at >30 mg/g. Higher 
stages of CKD are linked to poorer outcomes [2]. Patients are often 
asymptomatic until advanced disease stages, at which point they 
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can develop elevated blood pressure, anemia, dyslipidemia, bone disease, electrolyte abnormalities, among other symptoms [1]. This 
highlights the importance of screening, especially in patients with risk factors like diabetes [3,4] (Figure 1).

Figure 1: Categorization and prognosis of CKD by GFR and albuminuria.Pathophysiology of CKD. 2023 kidney disease: Improving 
Global Outcomes (KDIGO) https://doi.org/10.1016/j.kint.2023.10.018.

In response to a stressor such as hypertension or diabetes, parenchymal cells and infiltrating immune cells release growth factors, 
reactive oxygen species, and other effector molecules that cause proliferation of myofibroblasts and mesangial cells, as well as injury to 
podocytes, the resulting fibrosis and glomerulosclerosis lead to CKD (Figure 2).

https://doi.org/10.1016/j.kint.2023.10.018
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 Figure 2: Schematic presentation of cellular events involved in the progression of chronic kidney disease. J. Yang, W. He (eds.), chronic 
kidney disease. 

Diabetic Kidney Disease
Diabetic Kidney Disease (DKD) is the most common cause of CKD in the United States [1]. DKD is a major complication of diabetes, 
occurring in up to 50% diabetic patients and contributing significantly to morbidity and mortality. Given the growing prevalence of 
diabetes and its complications, exploring effective therapeutic strategies, including vitamin D supplementation, is imperative (Table 1). 

Prevalence of diabetic vs. nondiabetic kidney disease

Table 1: Prevalence (95% confidence interval) of diabetic versus nondiabetic kidney disease versus in the US population, NHANES 
2009–2014.

  CKD UACR≥300 mg/g EGFR <60 ml/min per 1.73 m2

Diabetes, % 25 (21 to 28) 4.6 (3.4 to 5.8) 12 (9 to 15)
No biabetes, % 5.3 (4.6 to 5.9) 0.3 (0.2 to 0.5) 2.5 (2.0 to 3.0)

Data are adopted from Zelnick et al. [Zelnick LR, Weiss NS, Kestenbaum BR, Robinson-Cohen C, Heagerty PJ, Tuttle K, Hall YN, 
Hirsch IB, de Boer IH. Diabetes and CKD in the United States population, 2009-2014. Clin J Am Soc Nephrol. 2017;12(12):1984–90]

Pathophysiology of DKD
The pathophysiology of DKD involves several interrelated mechanisms contributing to renal damage and functional decline. The primary 
factors involved include chronic hyperglycemia, RAAS activation, inflammation and fibrosis, altered hemodynamics, mitochondrial 
dysfunction, and oxidative stress (Figure 3). 
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Figure 3: Summary of the molecular mechanisms of diabetic kidney disease (DKD) onset and progression. Watanabe, K. et al. What’s 
new in the molecular advances of diabetic kidney disease: Recent advances. 

Inflammation and Fibrosis in DKD
Persistent inflammation from attempts to repair renal damage 
leads to the upregulation of many cytokines and growth factors 
that eventually lead to fibrosis and diminish renal function over 
time [5,6]. Interleukin-6 (IL-6) is a critical inflammatory cytokine 
as it plays a role in both early and late inflammation and can be 
used as a biomarker for the progression of DKD [7]. Early in the 
inflammatory state, IL-6 promotes the removal of neutrophils and 
allows for the infiltration of macrophages [8]. These macrophages 
can be of the classically activated M1 phenotype, which releases 
other pro-inflammatory cytokines such as interleukin- 1ß (IL-
1β) and tumor necrosis factor-α (TNFα), or the alternatively 
activated M2 phenotype, which is anti-inflammatory and strongly 
associated with fibrosis [9]. IL-6 plays a role in the balance of 
M1 and M2 macrophages by inhibiting the M1 phenotype late 
in the inflammatory process, and this switch from predominant 
M1 to M2 macrophages marks the transition from inflammation 
to chronic fibrosis [8,9]. M2 macrophages both release and are 
activated by transforming growth factor- ß (TGFβ). TGFβ is 
significant in fibrosis because it induces the transformation of other 
cell types, such as fibroblasts and pericytes, into myofibroblasts, 
which are responsible for laying the extracellular matrix (ECM) 
that eventually becomes fibrotic scar tissue [10]. TGFβ also 

induces the synthesis of connective tissue growth factor (CTGF), 
another profibrotic growth factor that can induce certain cells to 
become myofibroblasts [10]. CTGF also induces the production 
of collagen and fibronectin, as well as the important inflammatory 
mediator IL-6 [11]. These inflammatory and fibrotic processes are 
intrinsically linked to the mitochondrial dysfunction seen in DKD 
[12]. Hyperglycemia leads to enhanced mitochondrial oxidative 
phosphorylation, subsequently resulting in increased Reactive 
Oxygen Species (ROS) production, which can damage cellular 
components and cause an inflammatory response governed by 
TGFβ and IL-6 [13]. This inflammatory environment contributes 
to further mitochondrial dysfunction and creates a feedback loop 
that accelerates renal injury [14,15]. Prolonged oxidative stress and 
inflammation activate fibroblasts and stimulate ECM deposition, 
leading to renal tissue scarring [16].

•	 Chronic Hyperglycemia causes an accumulation of 
Advanced Glycation End Products (AGEs), which are formed 
via non-enzymatic glycation of proteins and lipids [17]. The 
byproducts of these irreversible reactions are permanently 
deposited throughout the body, and act via several pathways, 
including the receptor for AGEs (RAGE), resulting in renal cell 
dysfunction and apoptosis, oxidative damage, and inflammation 
[18]. Podocytes and endothelial cells are particularly at risk of 



Citation: Richards M, Lance S, Ahmed M (2025) Vitamin D as A Renoprotective Remedy Against Non-Proteinuric Diabetic Kidney 
Disease. J Urol Ren Dis 09: 1434. DOI: 10.29011/2575-7903.001434.

5 Volume 10; Issue 09

J Urol Ren Dis, an open access journal
ISSN: 2575-7903

damage [15]. Podocyte injury is more prominent in the proteinuric 
form, where damage to podocytes from AGEs and oxidative stress 
results in loss of the glomerular filtration barrier, causing protein 
leakage in the urine [14]. Specifically, podocytes are lost, and the 
remaining ones are required to grow and extend their foot processes 
in order to cover the same surface area. As a result, there are 
fewer and less effective podocytes present in the filtration barrier, 
causing a decline in kidney function and eventual sclerosis [19]. 
This level of podocyte damage is not seen in the non-proteinuric 
form, leaving the filtration barrier intact despite significant renal 
cell damage. Mouse studies have also implicated hyperglycemia 
in the overexpression of TGFβ in glomerular mesangial cells, 
and subsequent fibrosis [20]. This combination of fibrosis and 
inflammation causes further damage to glomerular cells, leading 
to progressive renal dysfunction. 

•	 Renin-Angiotensin-Aldosterone System (RAAS)  is 
often overactive, leading to increased production of angiotensin II, 
which contributes to glomerular hypertension and hyperfiltration 
[21]. In renal cells, hyperglycemia and AGEs directly induce the 
expression of renin and angiotensin via the production of Reactive 
Oxygen Species (ROS) and other mediators [21]. Angiotensin is 
then converted to Angiotensin II, which promotes vasoconstriction 
of the afferent arterioles and stimulates the secretion of 
aldosterone, resulting in sodium retention, further exacerbating 
hypertension and kidney damage [22].Aldosterone also regulates 
gene expression for the pro-sclerotic factors plasminogen activator 
inhibitor 1 (PAI-1) and TGFβ and promotes macrophage infiltration 
[21]. Both processes accelerate the development of inflammation 
and fibrosis, leading to the progression of DKD. 

•	 Oxidative Stress: Hyperglycemia may cause oxidative 
stress, or the accumulation of ROS. These ROS stimulate the 
protein kinase B, uncoupling protein 2 (UCP2) and JAK-STAT 
pathways, which result in proliferation of glomerular mesangial 
cells and increased expression of matrix proteins [23]. This causes 
increased fibrosis in glomerular cells. Chronic hyperglycemia is 
associated with decreased superoxide dismutase [24] and increased 
malondialdehyde [23], which are markers of oxidative stress. 
Oxidative stress stimulates several pro-inflammatory and pro-
fibrotic pathways that lead to, extracellular membrane deposition, 
podocyte damage, thickened glomerular basement membrane and 
mitochondrial damage, all of which contribute to decline in eGFR 
[25]. 

•	 Hemodynamics: In addition to glomerular damage 
due to overactive RAAS, altered hemodynamics in diabetes can 
directly cause renal damage. The inflammation and endothelial 
damage from hyperglycemia lead to vascular stiffening and 
vasoconstriction, which may cause hyperfiltration while also 
decreasing perfusion to the kidney, resulting in renal damage [26]. 
It has been shown in clinical trials that elevated blood pressure is 

a risk factor for end-stage renal disease and is associated with a 
faster decline in eGFR [27,28]. 

Subdivisions of Diabetic Kidney Disease 
Diabetic Kidney Disease (DKD) is a multifactorial complication 
of diabetes that results from prolonged hyperglycemia and its 
associated metabolic disturbances. While persistent proteinuria 
has been considered a cardinal feature of DKD for some time 
[15], it has been found that a significant portion of diabetics 
experience renal dysfunction without proteinuria [16] and that 
most patients with diabetes and CKD have no albuminuria at 
all [29]. In the Renal Insufficiency and Cardiovascular Events 
(RIACE) trial, 57% of patients with type 2 diabetes with CKD had 
normoalbuminuria [30], and other cross-sectional studies reported 
similar incidence of normoalbuminuria in DKD patients including 
the National Evaluation of the Frequency of Renal Impairment 
Coexisting with type 2 Diabetes (NEFRON) study reporting 55% 
normoalbuminuria [31], and 40% in the Developing Education 
on Microalbuminuria for Awareness of Renal and Cardiovascular 
Risk in Diabetes (DEMAND) study [32]. Additionally, it has been 
found that patients with non-proteinuric DKD can transition to the 
proteinuric form over time [8]. 

•	 Proteinuric DKD

Proteinuric DKD (PDKD) follows a classic progression of initial 
glomerular hyperfiltration, followed by proteinuria and a gradual 
decrease in the GFR and microalbuminuria that may lead to 
end-stage kidney disease. Proteinuric DKD is also characterized 
by abnormal renal pathology. Nodular glomerulosclerosis is the 
hallmark lesion on biopsy and glomerular basement thickening 
and hyalinosis lesions [16]. Podocyte injury and death drive many 
of the changes in proteinuric DKD. Altered hemodynamics in 
diabetes cause an initial increase in GFR followed by a decline as 
nephron injury progresses [21]. The hyperfiltration state contributes 
to further podocyte injury and loss, which is pivotal in developing 
proteinuric DKD and progressing Non Proteinuric DKD (NPDKD) 
to the proteinuric form [33]. Reduced energy availability in 
diabetes also enhances susceptibility to cell injury and death [34]. 
Mitochondria play a crucial role in calcium signaling, which in 
proteinuric DKD can further compromise glomerular function, 
as dysregulated intracellular calcium levels are associated with 
podocyte apoptosis and cellular fibrosis, exacerbating proteinuria 
[12]. Podocyte injury is the primary driver of inflammation in the 
proteinuric form of DKD as injured cells release pro-inflammatory 
cytokines [35].

Non-Proteinuric DKD
In contrast to the proteinuric form, biopsies of patients with 
NPDKD often reveal normal renal structure or may lack nodular 
glomerulosclerosis that characterizes proteinuric DKD [14]. 
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However, a study by Chang et al. showed that, while many 
NPDKD patients showed evidence of typical glomerular lesions, 
only 22.2% of these patients displayed the same severity of 
damage as their matched PDKD counterparts [3]. NPDKD may be 
associated with relatively preserved glomerular function until the 
later stages, complicating early diagnosis [16]. This underscores 
the importance of examining DKD from a broader perspective than 
just the overt presence of proteinuria. It is possible that the reduced 
levels of typical lesions in NPDKD is due to the preponderance of 
macroangiopathic lesions in comparison to the microangiopathic 
ones typically seen in the proteinuric form [10]. This is further 
emphasized by the reduced prevalence of retinopathy, a process 
dominated by microangiopathic damage, in non-proteinuric 
patients [3]. The RIACE trial showed that non-proteinuric renal 
impairment was strongly associated with major cardiovascular 
events, further suggesting a macro-vascular component to the 
disease [30]. This key difference could be an opportunity for further 
investigation. In contrast to proteinuric DKD, non-proteinuric 
DKD reflects a broader inflammatory response that impacts 
tubular and interstitial compartments of the kidney [14]. These 
inflammatory changes are critical in determining the potential role 
of vitamin D as part of a renoprotective strategy, as reduced levels 
of 1,25-dihydroxyvitamin D are associated with the promotion 
of renal inflammation and fibrosis [36]. In NPDKD, oxidative 
stress is primarily a result of impacts on energy production within 
the mitochondria, resulting in reduced levels of ATP in renal 
cells, negatively impacting critical cellular functions such as ion 
transport, maintenance of cell membrane integrity, and synthesis 
of protective molecules [3]. Renal hemodynamic alterations in 
the non-proteinuric form are often more independent from the 
hyperfiltration seen in PDKD [37]. Patients may experience early 
renal blood flow and GFR declines, which are associated with 
reduced nitric oxide availability, subsequent vascular stiffness, and 
impaired renal perfusion [37]. Recent studies have also suggested 
that non-proteinuric patients are likely to have significantly more 
atherosclerosis, leading to increased vascular resistance and 
glomerular-tubular damage [9].  

•	 Possible Mechanism of NPDKD

NPDKD is caused by abnormalities in the vascular or 
predominantly tubulointerstitial abnormalities [38,39], although it 
can also be a typical disorder [14,40]. NPDKD pathophysiological 
investigations should provide additional insight into cardiovascular 
factors affecting kidney function and disease and provide new 
treatments for the vascular complications seen in diabetic patients 
[41]. There are several possibilities for this NPDKD, including the 
accompanying vascular disease (there is an increase in interlobar 
artery vascular resistance) [42] which causes damage to glomerular 
and tubular structures and interstitial fibrosis [43]: the result of 
previous episodes of Acute Kidney Injury (AKI), which is related 

to the inherent susceptibility of diabetic patients [44]; the existence 
of a well-preserved tubule that leads to a significant reabsorption 
of albumin from the glomerular filtrate, thus resulting in a 
diminished albumin excretion into normoalbuminuric levels [43]; 
and an increase in intrarenal arteriosclerosis as opposed to classical 
glomerulosclerosis changes present in albuminuric subjects [44]. 
The main contributing factors to progression to ESRD are AKI, 
as has been proven by Thakar et al. in 2011. In 2019, Sykes et al. 
found that AKI events were associated with progression to renal 
replacement rate and with a greater severity of subsequent AKI 
[45,46]. This may explain why some DN patients have an early 
decline of GFR with a minimal amount of albuminuria.

Additionally, There are Other Factors That Also Play A Role 

(1) Increased levels of uric acid, which can damage vascular 
elements and cause endothelial dysfunction through various 
mechanisms, including activation of the Toll-like receptor 
pathway [47,48]. Uric acid can also induce renal inflammation, 
proliferation of vascular smooth muscle cells, and activation of the 
RAS [49-52]. 

(2) Increased concentration of serum TNF-α [53]. TNF-α is a major 
mediator of inflammation and is involved in AKI, regulation of 
blood pressure, blood flow, inflammation in the renal blood vessels 
[54-56], and apoptosis [53]. Thus, elevated levels of TNF-α can 
alter renal blood vessels and damage the kidneys. 

•	 Prognosis : NPDKD has a better prognosis than PCKD 
with significant proteinuria. This is in accordance with the 
understanding so far, that the degree of proteinuria is a strong 
predictor of the risk of progression [40]. However, compared with 
no kidney disease, non-proteinuric diabetic nephropathy (NPDN) 
was a significant risk factor for death and major cardiovascular 
disease [57]. Diagnosis of NPDN is based on an increase in the 
Renal Resistive Index (RRI), which measures renal vascular 
resistance. RRI measurements have been shown to be reliable for 
detecting and monitoring the development of diabetic nephropathy 
(DN) and NPDN [58-60]. A study in diabetic patients showed an 
increased RRI value in diabetic patients without proteinuria or renal 
atherosclerosis [61]. Therefore, ultrasound sonography provides 
an effective method to screen, identify, and monitor hemodynamic 
and morphological changes in DN patients [61].  

Biochemistry of Vitamin D

•	 Vitamin D metabolism is a crucial process influencing 
various physiological functions, including calcium homeostasis 
and immune regulation. It involves several steps and primarily 
occurs in the skin, liver, and kidneys.

•	 Synthesis in the Skin: Vitamin D is synthesized in 
the skin upon exposure to ultraviolet B (UVB) radiation from 
sunlight. 7-dehydrocholesterol in the skin is converted to 
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previtamin D3, which is subsequently transformed into vitamin 
D3 (cholecalciferol). This process is influenced by factors such as 
skin pigmentation, geographic location, and season [62].

•	 Liver Conversion: Once synthesized or ingested, vitamin 
D3 is transported to the liver, where it undergoes hydroxylation 
to form 25-hydroxyvitamin D (25(OH)D or calcidiol) through the 
action of the enzyme vitamin D 25-hydroxylase. This is the primary 
circulating form of vitamin D and indicates vitamin D status in 
the body [63]. 25 (OH)D governs the pathologies of vitamin D, 
including insufficiency and deficiency, so that this is the analyte 
that is measured in clinical diagnostic labs [63-65]. 

•	 Kidney Conversion: The final activation step occurs 
in the kidneys, where 25(OH)D is further hydroxylated to form 
1,25-dihydroxyvitamin D (1,25(OH)2D or calcitriol), the tightly 
controlled biologically active form of vitamin D. This process is 
mediated by the enzyme 1α-hydroxylase, which is regulated by 
several factors, including parathyroid hormone (PTH), serum 
calcium, and phosphate levels [64,65].

•	 1,25(OH)2D exerts its effects through the Vitamin D 
Receptor (VDR) expressed in various tissues, including the kidneys. 
In the kidneys, 1,25(OH)2D enhances calcium reabsorption [63]. It 
modulates the expression of proteins involved in renal function, 
including those related to inflammation and fibrosis. 

•	 This reduction in inflammation is likely the most critical 
role that vitamin D can play in the context of non-proteinuric 
DKD, as it has been shown to lower levels of inflammatory 
markers such as hs-CRP, TNF-α, and IL-6 [66]. However, it is 
essential to note that this meta-analysis did not show a significant 
influence of vitamin D on serum creatinine levels or eGFR. 
However, an anti-inflammatory effect can be seen due to negative 
regulation of the RAAS system. In a 2008 study, Zhang et al. 
demonstrated that VDR knockout mice developed hyperreninemia 
resulting in hypertension and cardiac hypertrophy. This study 
also demonstrated that VDR knockout mice exhibited higher 
levels of angiotensinogen, TGFβ, and connective tissue growth 
factor. Additionally, 1,25(OH)2 inhibited fibronectin production in 
mesangial cells that were stimulated by high glucose levels and 
increased nephrin expression in podocytes [20]. These findings 
suggest that vitamin D could potentially mitigate the hypertensive 
effects of RAAS over-stimulation in diabetic nephropathy and the 
release of pro-inflammatory and pro-fibrotic cytokines.

Vitamin D and Kidney Health

Vitamin D plays a critical role in calcium and phosphate homeostasis 
and exerts various effects on renal physiology. Research indicates 
that vitamin D deficiency is prevalent among patients with CKD, 
potentially exacerbating renal damage [63,67]. Vitamin D’s 
protective mechanisms may involve modulation of inflammation, 

regulation of RAAS activity, and promotion of endothelial function 
[13,18]. The kidneys, intestines, and parathyroid glands work in 
concert to maintain calcium and phosphate homeostasis [68]. In 
response to hypocalcemia, elevated phosphate levels, or low levels 
of 1,25-dihydroxyvitamin D (calcitriol), the parathyroid glands 
secrete Parathyroid Hormone (PTH). PTH acts directly on bones 
to mobilize calcium and phosphate into the bloodstream [69]. In 
the kidneys, PTH downregulates phosphate transporters in the 
proximal convoluted tubule (PCT), promoting phosphaturia, and 
upregulates 1α-hydroxylase to enhance calcitriol production [70]. 
Increased calcitriol subsequently promotes calcium absorption 
in the small intestine and reabsorption in the distal renal tubules 
[71]. Fibroblast growth factor 23 (FGF23), primarily secreted in 
response to phosphate overload, works alongside PTH to induce 
phosphaturia [72]. It downregulates type II sodium-dependent 
phosphate transporters in the renal PCT and inhibits calcitriol 
synthesis, thereby lowering serum phosphate levels [73]. FGF23 
requires α-Klotho as a co-receptor, which ispredominantly 
expressed in the distal renal tubules, parathyroid glands, and 
choroid plexus [73]. In CKD, nephron loss leads to reduced 
α-Klotho expression and impaired FGF23 signaling, contributing 
to hyperphosphatemia [73]. To maintain phosphate balance, 
circulating levels of FGF23 and PTH rise, enhancing phosphate 
excretion [74,75]. However, this compensatory mechanism results 
in secondary hyperparathyroidism, reduced calcitriol levels, 
and eventual hypocalcemia-hallmarks of advanced CKD [74]. 
The kidneys, intestines, and parathyroid glands work closely to 
maintain calcium and phosphate homeostasis [68]. In response 
to low calcium levels and 1,25(OH)2 or elevated phosphate, the 
parathyroids release PTH, which acts directly on bone to release 
calcium and phosphate into circulation [73,74]. PTH simultaneously 
downregulates phosphate transporters in the renal PCT cells to 
induce phosphaturia [70] and upregulates 1a-hydroxylase in the 
kidneys to increase the production of calcitriol, thereby increasing 
calcium reabsorption in the small intestine and distal renal tubules 
[71]. Additionally, Fibroblast growth factor 23 (FGF23) works 
with PTH to induce phosphaturia [72]. In the setting of phosphate 
overload, which also induces increased PTH production, FGF23 
concentrations increase. FGF 23 downregulates type-II sodium-
dependent phosphate transporters in the PCT and deactivates 
calcitriol to reduce serum phosphate concentrations [72,74]. 
FGF 23 action requires a-klotho as a co-receptor, which is 
found primarily in the renal distal tubules, as well as the choroid 
plexus and parathyroid glands [73]. In the setting of chronic 
kidney disease of any kind, nephrons are lost, resulting in fewer 
of these receptors, and subsequent decreased action of FGF 23 
and resulting hyperphosphatemia [73]. To compensate, urinary 
excretion of phosphate must increase, which is accomplished 
by increasing secretion of FGF23 and PTH [74,75]. This in turn 
results in secondary hyperparathyroidism often seen in later stage 
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kidney disease, as well as decreased calcitriol concentration and 
eventual decline in calcium concentration [73,74,75]. 

Chronic Kidney Disease- Mineral and Bone Disorder (CKD-
MBD)

The metabolic disruption caused by CKD extends beyond endocrine 
and mineral abnormalities, culminating in a condition known as 
chronic kidney disease–mineral and bone disorder (CKD-MBD) 
[69,76]. CKD-MBD is typically characterized by hypocalcemia 
and hyperphosphatemia, particularly in the later stages of CKD. 
However, this dysregulation of mineral homeostasis likely begins 
earlier in the course of disease, contributing to a cascade of 
downstream effects [71]. Once thought to be limited to parathyroid 
and skeletal pathology, CKD-MBD is now recognized as a 
contributor to the increased cardiovascular morbidity and mortality 
seen in CKD patients [77]. This is largely due to the deposition of 
calcium-phosphate crystals in blood vessels and cardiac valves, 
a process known as cardiovascular calcification. In CKD, this 
calcification occurs predominantly in arterial walls and heart valves 
through an actively regulated, cell-mediated process involving 
Vascular Smooth Muscle Cells (VSMCs), Vascular Interstitial 
Cells (VICs), macrophages, and endothelial cells [71]. During this 
process - referred to as osteochondrogenic differentiation - VSMCs 
and VICs lose their contractile phenotype and adopt a synthetic 
phenotype resembling osteoblasts [78]. These osteoblast-like cells 
secrete bone-associated proteins that promote ECM calcification 
[78,79]. The process is further accelerated in CKD by increased 
cellular apoptosis, oxidative stress, and mitochondrial dysfunction 
[80]. Additionally, mineral imbalances such as hyperphosphatemia, 
hypercalcemia, uremic toxins, and pro-inflammatory cytokines act 
as potent inducers of vascular calcification [80]. Management of 
CKD-MBD focuses on controlling PTH levels. According to the 
Kidney Disease Improving Global Outcomes (KDIGO) guidelines 
[81], PTH levels in dialysis patients should be maintained at 
2–9 times the upper limit of normal. Persistent elevations in 
PTH may require correction of underlying abnormalities such 
as hyperphosphatemia, hypocalcemia, and vitamin D deficiency 
[82]. Treatment with active vitamin D analogs such as calcitriol 
has been shown to reduce bone turnover markers and lower PTH 
levels in these patients [83].

Vitamin D Effects on DKD

Vitamin D plays an important role in diabetes outside the realm 
of DKD. Insulin secretion is dependent on calcium, and there is 
evidence that vitamin D deficiency can impair insulin secretion 
[29]. Vitamin D has also been shown to downregulate inflammatory 
markers such as IL-6 and TNF-α, which are elevated in diabetic 
patients [30]. Several longitudinal studies have shown an inverse 
relationship between vitamin D levels and the prevalence of 
diabetes [29]. Severe vitamin D deficiency in patients with type 2 

diabetes is associated with an increase in all-cause mortality [84]. 
Taken together, these findings suggest a role for Vitamin D in the 
primary prevention of diabetes, even before kidney damage takes 
place.In experimental animals, vitamin D deficiency associates 
with an earlier and more aggressive onset of diabetes, probably 
related to abnormalities in immune function, and impaired 
glucose-mediated insulin secretion that can be reversed by 
calcitriol repletion [85].1,25(OH)2D3, through a VDR-mediated 
modulation of calbindin expression, appears to control intracellular 
calcium flux in the islet cells, which, in turn, affects insulin release 
[86]. In the 1,25(OH)2D3 deficiency of CKD, there is abnormal 
insulin secretion, a blunted response of the pancreatic cells to 
glucose challenge, and insulin resistance [87-89]. 1,25(OH)2D3 
deficiency produces abnormal regulation of insulin secretion 
independently of alterations in VDR levels in pancreatic cells. 
Also, 1,25(OH)2D3 administration corrects the abnormal insulin 
secretion independently of changes in serum levels of calcium or 
PTH [90,91]. The finding of 1-hydroxylase activity in pancreatic 
cells [92] raises the possibility of an autocrine control of insulin 
secretion by 1,25(OH)2D3.

The half-life of 1,25(OH)2D is relatively short, and its metabolites 
are primarily excreted via the kidneys [93]. Impaired renal 
function can reduce the conversion of vitamin D to its active 
form, contributing to vitamin D deficiency, which is commonly 
observed in patients with CKD [93]. Several studies have 
suggested a beneficial association between vitamin D levels and 
renal outcomes in diabetic patients [66]. For example, a systematic 
review indicated that vitamin D supplementation may improve 
renal function and reduce inflammation in patients with DKD 
[66]. However, conflicting evidence exists regarding the efficacy 
of vitamin D in the absence of proteinuria, necessitating further 
investigation into optimal dosing and long-term effects [41].While 
not directly related to its potential impact on kidney function, 
there has also been research indicating that Vitamin D plays a 
significant role in reducing plaque formation in atherosclerosis 
[65]. Specifically, a study found that macrophages of diabetic 
patients cultured without Vitamin D would produce more foam 
cells than those cultured with it [94]. This study also showed that 
Vitamin D-sufficient macrophages took up less cholesterol than 
their deficient counterparts. The combination of these factors 
could result in increased plaque formation and subsequent 
macroangiopathic complications. 

Renoprotective Regimens: ACEis, ARBs, and SGLT2 
Inhibitors

In addition to vitamin D, several pharmacological agents have 
demonstrated renoprotective effects in DKD [22]. ACE inhibitors 
and ARBs are widely recognized for their ability to lower blood 
pressure and reduce albuminuria, leading to improved renal 
outcomes [22]. These medications function by inhibiting (RAAS), 
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which is often overactive in diabetic patients, contributing to 
glomerular damage. SGLT2 inhibitors have also emerged as a 
promising class of medications in the management of DKD. Recent 
studies show that SGLT2 inhibitors can significantly reduce the 
risk of progression to end-stage kidney disease in patients with 
diabetes [95]. The renoprotective mechanisms of GFSGLT2 
inhibitors include improvements in glycemic control, reductions 
in hyperfiltration, and beneficial effects on cardiovascular health 
[96].

Potential mechanism of Vitamin D in the treatment of NPDKD

The most probable mechanism by which Vitamin D can play a 
role in NPDKD lies in the demonstrated negative regulation of 
the RAAS system, reduced pro-inflammatory cytokine production, 
delaying the progression of CKD-MBD, and reduced fibrosis. As 
has been described by Zhang et al., intrarenal RAAS is increased 
in patients with diabetic nephropathy and plays a key role in its 
development [8]. This increase in RAAS activation results in 
increased levels of angiotensin II, which is directly implicated 
in increased TGFβ expression and ECM protein production in 
mesangial and tubular cells [14,15]. This, in combination with the 
hypertension associated with RAAS activation, directly results 
in renal injury and inflammation [14,15,16]. This activation level 
was even more prominent in VDR knockout mice, indicating 
that Vitamin D plays a significant role in negatively regulating 
the system [14,15,16,29]. While this study was carried out in the 
setting of proteinuric nephropathy and used levels of proteinuria 
as a statistical measure, similar concepts can be inferred in the 
setting of non-proteinuric DKD. This is because much of the 
pathophysiology is similar, and in some cases, non-proteinuric 
disease can be a precursor for the proteinuric form, as shown in 
several studies [14,15,16,29]. 

In a study that investigated the impact of RAAS inhibitors 
with and without vitamin D supplementation, it was found that 
Losartan in combination with paracalcitol prevented albuminuria 
and suppressed pro-fibrotic factors more effectively than either 
agent alone [https://pubmed.ncbi.nlm.nih.gov/18838678/]. This 
activation level was even more prominent in VDR knockout mice, 
indicating that Vitamin D plays a significant role in negatively 
regulating the system [14,15,16,29]. While this study was carried 
out in the setting of proteinuric nephropathy and used levels of 
proteinuria as a statistical measure, similar concepts can be 
inferred in the setting of non-proteinuric DKD. This is because 
much of the pathophysiology is similar, and in some cases, non-
proteinuric disease can be a precursor for the proteinuric form, as 
shown in several studies [14,15,16,29]. More importantly, because 
some studies have suggested that the non-proteinuric form may 
be due to a more widespread inflammation [14,15] - rather than 
focusing on the podocytes of the glomerular filtration barrier - the 

direct reduction in levels of IL-6 and TNF-α by vitamin D would 
theoretically result in less inflammatory and ROS-caused damage 
in NPDKD [14]. The inflammatory response governed by these 
cytokines results in mitochondrial damage and subsequent ROS that 
cause damage to renal structures [12]. By binding to VDR, vitamin 
D induces anti-inflammatory cytokines and inhibits the secretion 
of pro-inflammatory ones [97]. Diabetics with renal damage 
exhibit downregulation of VDR, and therefore a decreased ability 
to counteract the pro-inflammatory actions of these cytokines [97]. 
By directly reducing the production of these cytokines, Vitamin 
D could play a critical role in reducing the overall inflammatory 
environment within the renal tubules and parenchyma, thereby 
reducing the risk of progression to more severe forms of renal 
disease [33]. Additionally, in a study of monocytes in diabetic 
patients, pre-treatment with vitamin D induced an increased 
expression of VDR mRNA [97]. This shows that treatment could 
negate, or mitigate, the negative effect of hyperglycemia on 
VDR expression. TGFβ is also directly implicated in the fibrosis 
that occurs in DKD via the stimulation of CTGF [47]. CTGF 
can be directly linked to the formation of fibrosis in studies of 
human biopsies. Its overexpression has been correlated to ECM 
accumulation in both the glomerulus and interstitium [47]. In 
mouse studies of diabetic nephropathy, blocking endogenous 
CTGF was found to have beneficial effects on the progression of 
renal damage [47]. By reducing CTGF’s stimulation by TGFβ, 
vitamin D could play a vital role in reducing the accumulation 
of ECM, and therefore fibrosis and progression of renal disease. 
An important impact of this inflammation is arterial stiffness and 
vasodilatory function, which can be measured by Pulse Wave 
Velocity (PWV) and Flow-Mediated Dilation (FMD), respectively 
[98]. Reduced FMD and increased PWV are seen commonly in 
patients with CKD, and multiple studies have identified a link to 
vitamin D status [same source as above].A clinical trial of 120 
people with CKD 3-4 and vitamin D deficiency was carried out 
to compare these measures in patients randomized to high dose 
cholecaciferol or the placebo group [25]. They found a significant 
increase in FMD in the cholecalciferol group when compared to 
placebo [25].

The PENNY trail (Paricalcitol and Endothelial Function in Chronic 
Kidney Disease Trial) compared paricalcitol to placebo in patients 
with CKD 3-4 [99]. They similarly found a significant increase 
in FMD in the paricalcitol group. However, a trial out of Canada 
with patients randomized to placebo, calcifediol or calcitrol failed 
to show a significant reduction in PWV after baseline PWV values 
were balanced across groups [100]. These studies collectively 
indicate that there is a likely benefit of vitamin D on arterial 
stiffness, which has been associated with increased proteinuria, 
heart failure, and progression of CKD [98]. In the setting of 
NPDKD, this endothelial damage can occur early and eventually 
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progress to the proteinuric form or lead to other complications. 
This data shows that there is significant value in using vitamin D to 
reduce the damage before the disease progresses to severe levels. 
While much of the above can also be of use in the proteinuric 
form, a key distinguishing feature of non-proteinuric disease could 
be the preponderance of macroangiopathic changes, as suggested 
by a 2023 study by Cherif et al. determined that vitamin D played 
an additive role with traditional risk factors in contributing to 
cardiovascular diseases [101]. As demonstrated in the Oh et 
al. study, Vitamin D sufficiency can reduce the risk of plaque 
formation by reducing the formation of foam cells and the uptake 
of cholesterol by macrophage s[94]. Again, we find mixed data on 
the actual clinical significance of this. In a meta-analysis carried 
out by Lu et al., that analyzed 17 RCTs and 21 observational studies 
on the effect of vitamin D therapy on mortality in adults with CKD 
stages 1-5, the observational studies showed a significant reduction 
in all-cause mortality that was consistent across subgroups of CKD 
stage, size of study, and route and type of Vitamin D agent used 
[102]. 

However, there was no significant difference found in the analysis 
of the RCTs [102]. Additionally, the Morrone trial in 2022, which 
investigated the impact of calcifediol in dialysis patients with 
comorbid hyperparathyroidism and vitamin D deficiency, found 
no significant reduction in major adverse cardiovascular events 
or cardiovascular death [102]. It is, however, important to note 
that these studies investigated patients with much more severe 
disease. The Opera trial in 2014, which investigated whether oral 
vitamin D reduced left ventricular mass, improved systolic and 
diastolic function, reduced the number of cardiovascular-related 
hospitalizations, and other secondary outcomes in patients with 
CKD 3-5. They found that, compared to placebo, paricalcitol 
treatment significantly reduced the number of cardiovascular-
related hospitalizations [103]. This indicates a potential benefit 
in earlier stages of CKD. While none of these studies directly 
investigated DKD, it is reasonable to infer that many of the same 
pathologic principles would apply. Although there is minimal 
research on the subject of Vitamin D Receptor Activators 
(VDRAs), specifically in the setting of NPDKD, they have been 
studied in CKD-MBD and are commonly used in its treatment. 
However, the results are mixed. There have been reports of cardio- 
and reno-protective effects in some studies [80], while others 
have failed to show benefits to cardiovascular function [104,105]. 
They also come with a significant risk of hypercalcemia and 
potentially CVC [106]. Additionally, a randomized clinical trial 
showed that cholecalciferol supplementation was protective of 
vascular outcomes, while other RCTs could not replicate this data. 
Importantly, for the treatment of CKD-MBD, 25-hydroxyvitamin 
D supplementation has been shown to suppress PTH and induce 
hypercalcemia less frequently than calcitriol. These drugs have 

also been studied in patients with CKD prior to the onset of CKD-
MBD In the two largest clinical trials that investigated fracture risk 
in CKD patients - the J-DAVID and PRIMO trials - there was a 
reduction in the raw number of fractures in the intervention groups, 
but neither reached statistical significance [98,104]. Multiple 
trials have shown an increase in Bone Mineral Density (BMD) 
with VDRAs and other forms of vitamin D among CKD patients. 
Post hoc analysis of the Vitamin D, Calcium, Lyon Study II 
(DECALYOS II), showed that women with an eGFR <45 mL/min 
that were taking cholecalciferol and calcium had a slower rate of 
BMD loss than those taking placebo. Additionally, smaller studies 
have shown that VDRAs increased BMD compared to placebo 
in patients with non-dialysis CKD. In total, this data shows that 
there is likely to be significant value of vitamin D supplementation 
to reduce adverse bone effects, such as osteopenia or fractures, 
of CKD and therefore DKD. However, the data is not strong 
enough to definitively determine that vitamin D supplementation 
would slow the progression of CKD-MBD. The promising results 
do suggest that further investigation is warranted. Based on the 
pathophysiology of this disease process, it is logical that Vitamin 
D could be a valuable component of a multi-drug regimen to slow 
its progression.

Discussion and Conclusion

In conclusion, vitamin D supplementation may offer a promising 
renoprotective strategy against the progression of non-proteinuric 
diabetic kidney disease, although further research is essential to 
establish its efficacy and optimize treatment regimens. The primary 
benefits are likely to be seen in slowing the progression of nephron 
injury in the early stages of the disease, reducing the progression 
to the proteinuric form as a result of the anti-inflammatory 
properties, its potential role in reducing cardiovascular morbidity, 
and promotion of bone health. Specifically, reduction in levels of 
IL-6 and TNF-a could contribute to a reduction in inflammatory 
damage associated with DKD. By reducing the overall levels of 
inflammation, you can in turn reduce the damage to mitochondria 
and subsequent reactive oxygen species production. This anti-
inflammatory action may be of particular importance in NPDKD 
in comparison to PDKD due to the theory that NPDKD is related 
to more widespread inflammation. However, given that much of 
the mitochondrial damage occurs as a result of hyperglycemia, 
glycemic control must be adequately addressed for any substantial 
impact to be seen. As studies have shown, there is a significant 
benefit to arterial compliance at healthy vitamin D levels. This 
is especially important for the control of hypertension, and 
reduction in cardiovascular morbidity and mortality. Vitamin D 
and its analogs can be used early in treatment to maintain vascular 
compliance.

Due to the increased association with macroangiopathic compared 
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to microangiopathic issues in non-proteinuric disease, this 
mechanism could be crucial in uncovering the therapeutic benefit 
of Vitamin D supplementation. However, because kidney disease 
itself is primarily a microangiopathic issue, this benefit would be 
indirectly related to the kidney impairment itself. This underscores 
the importance of using Vitamin D therapy only as an adjunct to 
current treatment regimens and not as a standalone therapy. The 
importance of early initiation of therapy is seen in the studies 
involving dialysis patients where no significant reduction in cardiac 
mortality was seen. This suggests that there may be a tipping point 
where the benefits are not significant enough to offset the damage 
that has already been done by the disease process. Similarly, in the 
setting of bone disease, the most conclusive benefits appear to be 
related to the maintenance or improvement of BMD, rather than the 
treatment of CKD-MBD. This benefit is two-fold - maintenance of 
PTH homeostasis and directly in bone mineralization. The data 
on VDRAs in the setting of CKD-MBD show significant risk of 
hypercalcemia and other complications, while not significantly 
improving outcomes. This further underscores that any treatment 
with vitamin D or its analogs should be initiated early in the 
disease process. Concurrently, established therapies such as 
ACE inhibitors, ARBs, and SGLT2 inhibitors continue to play 
a critical role in managing diabetic kidney disease and should 
not be ignored in favor of vitamin D supplementation as there is 
insufficient evidence to suggest vitamin D can operate efficiently 
as a standalone therapy. A multifactorial approach that incorporates 
vitamin D supplementation alongside these traditional therapies 
may ultimately enhance patient outcomes.

Gaps in Research and Future Directions (last paragraph 
after discussion)
Despite the potential benefits of vitamin D, significant gaps remain 
in the current literature, particularly regarding the optimal dosage 
and long-term effects of supplementation in non-proteinuric DKD. 
Future research should focus on randomized controlled trials that 
assess the effectiveness of vitamin D in diverse populations with 
varying stages of kidney disease [45]. Furthermore, investigating 
the synergistic effects of vitamin D alongside established 
renoprotective agents like ACEis, ARBs, and SGLT2 inhibitors 
may provide new insights into comprehensive management 
strategies for non-proteinuric DKD.
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