
Chronic kidney disease �CKD) represents a global health burden, affecting approximately 10�

15% of adults worldwide. Vitamin D deficiency is highly prevalent in this population, with

disruptions in its metabolism contributing to mineral and bone disorders �CKD�MBD�,

cardiovascular complications, and accelerated disease progression. This review synthesizes

current evidence on the pathophysiology of vitamin D dysregulation in CKD, therapeutic

strategies, and clinical outcomes, drawing from observational studies, randomized controlled

trials �RCTs�, and emerging innovations in supplementation. Key findings suggest that

maintaining serum 25-hydroxyvitamin D �25�OH�D) levels above 30 ng/mL through nutritional or

active vitamin D therapy may mitigate secondary hyperparathyroidism �SHPT) and improve

intermediate outcomes, though conclusive mortality benefits remain elusive. Controversies

persist regarding optimal dosing regimens, formulations, and the discordance between

observational and trial data.

In healthy individuals, vitamin D undergoes hydroxylation in the liver to form 25�OH�D, which is

subsequently converted to its active form, 1,25-dihydroxyvitamin D �1,25�OH�₂D�, via renal 1α-

hydroxylase. In CKD, declining nephron mass and upregulated fibroblast growth factor-23 �FGF�

23) impair renal 1α-hydroxylase activity, leading to deficient calcitriol production . This

deficiency exacerbates SHPT, characterized by elevated parathyroid hormone �PTH�, which

drives bone resorption and vascular calcification .

Extrarenal tissues, including macrophages and endothelial cells, retain 1α-hydroxylase activity,

enabling localized calcitriol synthesis for non-classical functions such as immune modulation and

anti-inflammatory responses . However, CKD-associated uremic toxins and proteinuria may

disrupt these pathways, compounding systemic vitamin D insufficiency .

CYP24A1, the enzyme responsible for degrading 25�OH�D and 1,25�OH�₂D, is paradoxically

suppressed in CKD, leading to reduced 24,25-dihydroxyvitamin D levels. This imbalance

perpetuates tissue-level vitamin D resistance despite adequate substrate availability .

Observational data indicate that CKD patients exhibit 25�OH�D levels 30�40% lower than the
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general population, driven by factors such as reduced sun exposure, dietary restrictions, and

urinary losses of vitamin D-binding protein �VDBP� .

Nutritional vitamin D (cholecalciferol �D3] or ergocalciferol �D2�� is recommended for correcting

deficiency �25�OH�D �20 ng/mL) in early CKD stages. Key studies include:

Dosing Regimens: A 2025 RCT in children with CKD stages 3�5 demonstrated that 4,000

IU/day of cholecalciferol achieved sufficiency (≥30 ng/mL) in 74.4% of patients, compared

to 33.3% with 1,000 IU/day . Similarly, monthly 50,000 IU doses in adults normalized

25�OH�D levels within 30 days, outperforming daily regimens .

Biochemical Outcomes: Meta-analyses report PTH reductions of 30�40 pg/mL with

nutritional supplementation, particularly in dialysis patients . However, effects on bone

mineral density �BMD) and cardiovascular endpoints are inconsistent .

Calcitriol and synthetic analogs (e.g., paricalcitol) bypass renal hydroxylation, directly

suppressing PTH. Trials comparing calcitriol �0.25 μg/day) and paricalcitol �1 μg/day) in CKD

stages 3�4 found comparable PTH suppression ��40�60%) with a low incidence of

hypercalcemia �4�6%� . Notably, observational studies associate calcitriol use with a 26%

lower mortality risk in non-dialysis CKD, potentially mediated by anti-inflammatory effects .

Ergocalciferol vs. Cholecalciferol: While D3 exhibits longer half-life and greater potency,

D2 remains widely used due to historical guidelines. A 2014 NKF�KDOQI update favors D3

for sustained repletion .

Non-Oral Administration: Nanoemulsion-based topical or sublingual formulations enhance

bioavailability in CKD patients with malabsorption or hypercatabolism. Murine studies show

28% higher serum 25�OH�D with nanoemulsions versus conventional doses .

Observational data from dialysis registries link active vitamin D use to 20�30% lower mortality,

attributed to pleiotropic effects on endothelial function and left ventricular hypertrophy .

Conversely, RCTs, including a 2023 meta-analysis of 128 trials (n=11,270�, found no mortality

benefit �RR 1.04, 95% CI 0.84�1.24) despite PTH and alkaline phosphatase reductions . This

discrepancy may reflect trial limitations: short follow-up, heterogeneous populations, and

insufficient dosing.
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Vitamin D therapy mitigates renal osteodystrophy by suppressing PTH and stabilizing calcium-

phosphate homeostasis. A 2022 trial reported 42% fewer fractures with calcitriol in CKD�MBD

patients, though BMD improvements were marginal . Conversely, excessive supplementation

risks adynamic bone disease, emphasizing the need for individualized PTH targets �2�9× upper

normal limit) .

Experimental models suggest calcitriol attenuates glomerulosclerosis via renoprotective

pathways. However, human trials show neutral effects on eGFR decline. The 2024 Yeung et al.

review highlights methodological flaws in existing studies, including inadequate power and

variable baseline 25�OH�D levels .

KDOQI �2014�: Initiate ergocalciferol �50,000 IU weekly/monthly) for 25�OH�D �30 ng/mL,

transitioning to maintenance doses upon correction .

KDIGO �2023�: Reserve active vitamin D for SHPT management in advanced CKD, avoiding

routine use in deficiency without elevated PTH .

Targets: Maintain 25�OH�D ≥30 ng/mL and PTH 2�9× normal.

Risks: Hypercalcemia occurs in 2�8% of patients, necessitating regular serum calcium

checks. Concomitant phosphate binders and K2 supplementation may mitigate vascular

calcification .

Emerging pharmacogenomic tools aim to predict interindividual variability in vitamin D

metabolism. Polymorphisms in CYP2R1 and GC genes influence 25�OH�D response, guiding

tailored regimens .

Nanoemulsions and transdermal patches enhance bioavailability while minimizing hypercalcemia

risks. A 2025 phase II trial of sublingual calcifediol (a 25�OH�D precursor) showed 50% greater

PTH suppression versus oral D3 in CKD stage 4 .
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Ongoing studies (e.g., ViKTORY�CKD, NCT04077839) evaluate high-dose cholecalciferol

�10,000 IU/day) on hard endpoints—mortality, dialysis initiation, and cardiovascular events—with

results anticipated by 2027 .

Vitamin D therapy in CKD remains a cornerstone of CKD�MBD management, albeit with

unresolved controversies. While nutritional and active formulations improve biochemical

parameters and may confer non-skeletal benefits, robust evidence for mortality reduction is

lacking. Clinicians should prioritize individualized regimens, combining periodic 25�OH�D

monitoring, judicious PTH suppression, and adjunctive therapies to optimize outcomes. Future

research must address trial design limitations and explore novel delivery mechanisms to unlock

the full therapeutic potential of vitamin D in this vulnerable population.

This report synthesizes findings from 15 primary sources, including clinical trials, meta-analyses,

and guideline documents, to provide a rigorous evaluation of vitamin D's role in CKD

management.
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