
Chronic kidney disease (CKD) and end-stage renal disease (ESRD) profoundly disrupt mineral

and endocrine homeostasis, with hemodialysis serving as a life-sustaining intervention that

introduces unique challenges to maintaining adequate vitamin D and magnesium levels. This

report synthesizes evidence from clinical studies and molecular investigations to elucidate how

hemodialysis affects these critical nutrients, exploring the interplay between dialysis mechanics,

renal pathophysiology, and therapeutic interventions.

CKD progression leads to catastrophic failures in vitamin D metabolism through multiple

mechanisms . The kidney’s inability to hydroxylate 25-hydroxyvitamin D (25[OH]D) into

active 1,25-dihydroxyvitamin D (calcitriol) creates a dual deficiency state—diminished substrate

availability compounded by lost enzymatic capacity. Fibroblast growth factor-23 (FGF-23)

elevations further antagonize calcitriol production, creating a self-perpetuating cycle of

deficiency . Hemodialysis itself does not directly filter vitamin D metabolites due to their

protein-bound state (primarily to vitamin D-binding protein [VDBP]), but the uremic milieu

accelerates catabolism while impaired tubular reabsorption reduces substrate availability .

While conventional hemodialysis membranes (high-flux or low-flux) show negligible clearance of

25(OH)D or calcitriol , peritoneal dialysis demonstrates measurable losses of both metabolites

through peritoneal effluent . The critical distinction lies in hepatic synthesis and extrarenal

activation—hemodialysis patients retain some capacity for peripheral 1α-hydroxylation in

immune cells and vascular endothelium, though this proves insufficient to overcome systemic

deficiency . Observational data reveal >80% prevalence of 25(OH)D insufficiency (<30 ng/mL)

in dialysis cohorts, with levels declining progressively from CKD Stage 3 to ESRD .

Current practice guidelines advocate aggressive supplementation with cholecalciferol (D3) or

ergocalciferol (D2), as hemodialysis does not deplete these prohormones. Weekly 50,000 IU

regimens effectively normalize 25(OH)D in >90% of patients without inducing hypercalcemia

. The survival benefit of concurrent vitamin D receptor activator (VDRA) therapy—particularly

paricalcitol—is well-documented, with cohort studies showing 26% mortality reduction
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compared to non-treated patients . This synergy arises from VDRAs bypassing deficient

renal activation while nutritional vitamin D replenishes substrate pools for extrarenal

conversion .

Hemodialysis directly modulates serum magnesium through diffusion gradients between plasma

and dialysate. Standard dialysate containing 0.5 mmol/L Mg²⁺ creates a mean post-dialysis

magnesium reduction of 0.14 mmol/L per session . High-efficiency hemodialysis with zero-

magnesium bath removes 486 ± 44 mg Mg²⁺ per treatment, while 1.8 mmol/L dialysate

maintains equilibrium . These kinetics follow first-order clearance principles:

Where

represents membrane permeability,

plasma concentration, and

treatment time .

Despite 73.6% prevalence of pre-dialysis hypermagnesemia (serum Mg >1.03 mmol/L) ,

routine use of low-Mg dialysate risks overshoot into suboptimal ranges (<0.7 mmol/L).

Epidemiologic data link mild hypomagnesemia to:

Paradoxically, observational studies associate higher Mg²⁺ with reduced cardiovascular

mortality, prompting reevaluation of dialysate targets. Contemporary protocols increasingly

adopt 0.75 mmol/L baths to stabilize levels within 0.8–1.0 mmol/L .
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Clinical Consequences of Dialysis-Induced Hypomagnesemia

[7]

Increased arrhythmia susceptibility (QT prolongation)

Insulin resistance exacerbation

Vascular calcification progression

Elevated β2-microglobulin retention [7] [8]
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Interplay Between Vitamin D and Magnesium



Vitamin D and magnesium engage in bidirectional regulation:

This synergy creates a vicious cycle in dialysis patients—Mg depletion from low dialysate

concentrations reduces 25(OH)D activation, while vitamin D deficiency further impairs Mg

homeostasis.

Next-generation VDRAs like maxacalcitol demonstrate enhanced selectivity for parathyroid

VDRs while avoiding hypercalcemia. When combined with nutritional D3, these agents may

optimize SHPT control while preserving extraskeletal benefits .

Real-time Mg monitoring systems coupled with variable-concentration dialysate generators

enable dynamic Mg balancing. Pilot studies using biosensors to adjust Mg²⁺ during treatment

show promise in maintaining physiologic ranges .

Hemodialysis exerts divergent effects on vitamin D and magnesium homeostasis. While the

procedure does not directly remove vitamin D metabolites, the loss of renal activation capacity

and accelerated catabolism necessitate aggressive supplementation. Conversely, magnesium

Molecular Cross-Regulation

1. Mg-dependent vitamin D activation: The 25- and 1α-hydroxylase enzymes require Mg²⁺ as

a cofactor. Hypomagnesemia impairs hepatic and renal vitamin D activation, exacerbating

deficiency .[1] [8]

2. Vitamin D-mediated Mg absorption: Calcitriol upregulates TRPM6/7 channels in intestinal

and renal epithelia, enhancing dietary Mg absorption and tubular reabsorption .[8]

Clinical Management Strategies

1. Individualized dialysate Mg²⁺: Target 0.75 mmol/L for patients with residual diuresis >500

mL/day, 0.5 mmol/L for anuric patients with persistent hypermagnesemia .[9] [8]

2. Combined supplementation protocols:

Cholecalciferol 50,000 IU weekly + Mg oxide 400 mg/day

Monitoring 25(OH)D (>30 ng/mL), iPTH (150–300 pg/mL), and Mg²⁺ (0.7–1.0 mmol/L)
[4] [5]

3. Timing optimization: Administer oral Mg supplements >2 hours apart from phosphate

binders to prevent chelation .[7]
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Conclusion



levels are tightly coupled to dialysate composition, requiring careful titration to avoid iatrogenic

deficiency. Future management must integrate:

Therapeutic success hinges on recognizing hemodialysis not merely as a clearance modality but

as an active participant in endocrine-mineral regulation.

⁂

1. Routine 25(OH)D monitoring with protocolized replenishment

2. Individualized Mg²⁺ dialysate prescriptions based on residual function

3. Combined supplementation regimens addressing cross-regulatory pathways
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