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FGF23 PRODUCTION
• osteocytes, osteoblasts and bone marrow are the primary cellular sources of FGF23 in adults both in health and disease (exept in 

TIO)

FGF23 CLASSICAL EFFECTS

• Mediated by binding of FGF23 to FGF receptor and the 

αKlotho coreceptor

• In the kidney:

• increases urinary phosphate excretion by downregulating 

the NaPi2a and NaPi2c in the proximal tubule

• inhibits 1α-hydroxylase and stimulates 24-hydroxylase 

• In the parathyroid:

• Acute → FGF23 directly inhibits secretion of PTH

• Chronic → the FGF23-driven suppression of serum calcium 

potently stimulates PTH production (secondary hyperPTH)

Edmonston D, Wolf M. Nat Rev Nephrol. 2020 EFE 2026



FGF23 CLASSICAL STIMULI AND REGULATION

Transcription

• Transcription stimulators: calcium, PTH and 1,25 vitamin D

• Transcription inhibitors: DMP1, PHEX, ENPP1 and ANKH 

• Sparse data suggest increased serum phosphate stimulates 

FGF23 (no evidence in in-vitro studies)

• CKD enigma: FGF23 elevation is evident in the early stages, when 

hyperphosphatemia and hyperparathyroidism are unlikely → 

additional factors?

EFE 2026

Post-translational modification

• O-glycosylation by GALNT3→ stabilizes nascent FGF23 peptides 

(if mutated: tumoral calcinosis)

• Phosphorylation by FAM20C→ marks FGF23 for proteolytic 

cleavage (if mutated: ARHR)

Cleavage

• FGF23 that is not modified by O-glycosylation is cleaved within the 

osteocyte by an unkown protein

• FGF23 mutations that alter the amino acid sequence of the 

Arg176-X-X-Arg179 cleavage recognition site cause ADHR

Edmonston D, Wolf M. Nat Rev Nephrol. 2020
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FGF23 PRODUCTION AND CLEAVAGE ARE COUPLED

• Several conditions significantly increase FGF23 production but active FGF23 levels in serum remain unchanged

Edmonston D, Wolf M. Nat Rev Nephrol. 2020
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FGF23, IRON DEFICIENCY and INFLAMMATION

• iron deficiency increases FGF23 transcription and cleavage in parallel

• Hepcidin:

• blocks ferroportin-mediated iron export from 

enterocytes, macrophages and hepatocytes

• acute-phase reactant which contributes to inflammation-

induced functional iron deficiency

• Hepcidin administration to wild-type mice increased 

Fgf23 mRNA expression and cFGF23 levels, whereas 

iFGF23 levels remained unchanged

• Other inflammatory stimuli (IL-1β, IL-6, TNF, TWEAK, LPS) 

similarly increased Fgf23 mRNA and serum cFGF23 levels 

with unchanged iFGF23 levels

Edmonston D, Wolf M. Nat Rev Nephrol. 2020
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FGF23 AND IRON ECONOMY: UNANSWERED QUESTIONS

• the FGF23 cleavage apparatus and details of how these 

proteins are regulated remain mostly unknown

• why bone cells engage in an energy-consuming process of 

making a hormonal product only to immediately degrade a 

large fraction of it?

HYPOTHESES

1. FGF23 peptide fragments inhibit full-length FGF23 by acting as competitive inhibitors at FGF receptors

2. FGF23 peptide fragments have other functions that are directly involved in undiscovered paracrine or endocrine 

feedback loops that govern iron economy and erythropoiesis

Edmonston D, Wolf M. Nat Rev Nephrol. 2020
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UNCOUPLED FGF23 PRODUCTION AND CLEAVAGE

• Some conditions lead to an excess of circulating biologically active FGF23 owing to a failure to increase FGF23 cleavage in 

response to abundant FGF23 transcription

These disorders can be:

• Hereditary → ADHR

• Acquired → CKD

• Iatrogenic → administration of ferric 

carboxymaltose

ADHR: THE GENETIC PROTOTYPE

• Two-hit disease → FGF23-activating mutation + iron deficiency (i.e. menarche or pregnancy)

FGF23 EXCESS BIOCHEMICAL PHENOTYPE

• hypophosphatemia due to renal phosphate 

wasting

• inappropriately low 1,25-dihydroxyvitamin D

• normal serum calcium and secondary 

hyperparathyroidism

Edmonston D, Wolf M. Nat Rev Nephrol. 2020
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THE INTRAVENOUS IRON PARADOX

Case reports of FCM-associated hypophosphataemia reported to FDA between 2013 and 2026

Food and Drug Administration (FDA), FDA Adverse Event Reporting System (FAERS) Public Dashboard, FDA, Bethesda, Maryland, accessed March 16, 2026

• Case reports have documented that iron polymaltose, ferric carboxymaltose and 

other intravenous iron formulations can cause hypophosphataemia in iron-deficient 

patients with normal serum phosphate levels prior to treatment

• Prevalence of hypophosphatemia 27%-75% in most studies



Wolf M, Rubin J, Achebe M, et al. JAMA. 2020 EFE 2026

THE INTRAVENOUS IRON PARADOX

• 2 combined randomized studies

• Population: 123 patients (trial A, 95.9% W) and 122 patients (trial B, 94.1% W)

• Aim: comparing risks of hypophosphatemia and effects on biomarkers of mineral and bone homeostasis of 

intravenous iron isomaltoside (ferric derisomaltose) vs ferric carboxymaltose
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THE INTRAVENOUS IRON PARADOX: THE «6H SYNDROME»
(High FGF23 → Hyperphosphaturia → Hypophosphatemia → Hypovitaminosis D → Hypocalcemia → secondary Hyperparathyroidism)

In FMC group:

•  iFGF23 within 24h from 1st FCM dose and peaked 24h after 2nd dose

•  cFGF23 both with FCM and IIM but increased after 2nd FCM dose

•  serum phosphate beginning at day 1 with nadir at day 14 

• peak urinary phosphate excretion at day 14

•  1,25-VitD and  24,25-VitD

•  ionized calcium with secondary hyperPTH → persistent 

hypophosphatemia

•  BAP → osteomalacic trait

•   P1NP (persistent) and  CTX (temporarily)

In FMC group:

• iFGF23 increased within 24h from first FCM dose and peaked 24h 

after second FCM dose

• ≥ serum phosphate reductions beginning at day 1 with nadir at day 

14 coincident with peak urinary phosphate excretion

• cFGF23 decreased both with FCM and IIM but increased after second 

FCM dose

• ≥ 1,25-VitD reductions and 24,25-VitD increments

• Reductions in ionized calcium caused secondary hyperPTH → 

persistent hypophosphatemia

• ≥ BAP increments → osteomalacic trait

Wolf M, Rubin J, Achebe M, et al. JAMA. 2020
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Schaefer B, Zoller H, Wolf M. J Clin Endocrinol Metab. 2022 Mar 24. EFE 2026

THE INTRAVENOUS IRON PARADOX: SEVERE VS MODERATE HYPOPHOSPHATEMIA

RESULTS

• More severe hypophosphatemia was associated with more severe derangements in iFGF23, ionized calcium, 1,25VitD, PTH, 

BAP, and P1NP

Secondary analysis of FCM-treated patients only
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THE INTRAVENOUS IRON PARADOX: PERSISTENT VS TRANSIENT HYPOPHOSPHATEMIA

RESULTS

• Persistent hypophosphatemia was associated with higher iFGF23, PTH and BAP levels and lower 1,25VidD and P1NP levels

• Elevated BAP and reduced P1NP persisted through the end of the study regardless of hypophosphatemia duration → bone injury 

can continue even after serum phosphate returns to normal

• Divergence of the P1NP and CTx responses → uncoupling of normal bone remodeling resembling the effect of corticosteroids

• Lower serum phosphate and 1,25VitD on day 7 are independent predictors of persistent hypophosphatemia at day 35

Schaefer B, Zoller H, Wolf M. J Clin Endocrinol Metab. 2022 Mar 24.
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FERINJECT® UPDATED REGULATORY LABELING (2020)

HOW OFTEN MONITOR SERUM PHOSPHATE?

• Each 0.5 mg/dL reduction in serum phosphate from baseline to day 7 approximately doubled the likelihood that a patient would 

remain hypophosphatemic to at least day 35 if they received the second dose

• Serum phosphate should be tested at baseline and on day 7 to determine whether or not to administer the second dose of FCM
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I.V. IRON INDUCED HYPOPHOSPHATEMIA

MECHANISM

• Iron deficiency upregulates FGF23 transcription and cleavage

RISK FACTORS

• Ferric carboxymaltose infusion

• Repeated doses of i.v. iron

• Severe iron deficiency

• Baseline serum phosphate level

• Low body weight

• Concomitant use of anti-resorptives

• Pre-existing 25OHD deficiency (not confirmed)

• Secondary hyperparathyroidism (not confirmed)

• Parenteral iron formulations are composite nanoparticles where iron oxides are 

complexed with carbohydrate moieties (such as polymaltose or carboxymaltose).

• Some carbohydrate complexes within certain iron formulations have the 

unintended consequence of preventing degradation of FGF23 (possible 

interference with post-translational modifications)

• ADHR-like ‘two-hit’ scenario → increased FGF23 transcription against a 

background of impaired iFGF23 cleavage

Schaefer B, Tobiasch M, Wagner S, et al. Bone. 2022
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I.V. IRON INDUCED HYPOCALCEMIA?

• Some reports documented the occurrence of post-iron infusion hypocalcemia

HYPOCALCEMIA RISK FACTORS

• Co-administration of 

antiresorptives (denosumab)

• CKD

• Multiple iron infusions

• Vitamin D deficiency was not associated with the occurrence of hypophosphatemia or hypocalcemia

• Hypophosphatemia occurred even 2-3 weeks after infusion

• Calcium levels rose 1d after infusion, no significant increase in hypocalcemia incidence after infusion

• Retrospective analysis of 741 inpatients who received i.v. iron polymaltose

Burrage LC, Llewellyn S, Foyn L, Pretorius C, Lazarus S. JBMR Plus. 2025



Schaefer B, Tobiasch M, Wagner S, et al. Bone. 2022 EFE 2026

I.V. IRON INDUCED HYPOPHOSPHATEMIA: CLINICAL CONSEQUENCES



EFE 2026

I.V. IRON INDUCED HYPOPHOSPHATEMIA

RECOMMENDATIONS FOR DIAGNOSIS

• No universal screening of serum phosphate in patients treated with FCM

• Measure serum phosphate in patients receiving multiple intravenous iron infusions or symptoms (ongoing or worsening fatigue, bone pain or 

muscular weakness)

• Delay further intravenous iron doses and switch to iron formulations with lower hypophosphatemia risk in patients with hypophosphatemia

• If hypophosphatemia is present, assess fractional excretion of phosphate (FEPi) or TmP/GFR

• If FEPi is high or TmP/GFR is low measure ionized calcium, total and bone-specific alkaline phosphatase, PTH, 25 (OH) vitamin D and 1,25 

(OH)2 vitamin D

• Patients with bone pain should undergo imaging studies:

• Conventional x-rays→ coarse trabecular structure, a loss of secondary trabeculae and Looser zones (suggestive of osteomalacia) 

• Whole body bone scintigraphy with 99mTechnetium labelled diphosphonates→ the most sensitive imaging modality, it may show focal lesions 

with increased diphosphonate uptake in ribs, lumbar spine, pelvis, femur, tibia or metatarsal bone. 

• MRI→ can identify Looser zones but require specific sequences

• Bone biopsy is not required

Schaefer B, Tobiasch M, Wagner S, et al. Bone. 2022



Lindgren SC, Strid H, Hjortswang H, Manxhuka B, Nanu N, Pollock RF. J Med Econ. 2025 EFE 2026

I.V. IRON INDUCED HYPOPHOSPHATEMIA: COST-UTILITY STUDY

• Swedish cost utility study comparing ferric carboxymaltose and ferric derisomaltose
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I.V. IRON INDUCED HYPOPHOSPHATEMIA: PREVENTION AND MANAGEMENT

• High clinical suspicion in patients with ongoing blood loss → iron deficiency drives FGF23 expression → risk for complications

• Risks of FCM therapy should be carefully considered in patients with known bone disease or high fracture risk

• Vitamin D supplementation prior to FCM infusion → unknown benefit

TREATMENT OPTIONS iFGF23

Hyperphosphaturia

Hypophosphatemia

Reduced 1,25 vitamin D

Secondary hyperPTH

Calcitriol

Phosphate 

supplementation

Burosumab
Not approved

Only one case report

Cinacalcet?

Not approved

Existing data only for TIO

Schaefer B, Tobiasch M, Wagner S, et al. Bone. 2022
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