
Articles © The authors   |   Journal compilation © J Hematol and Elmer Press Inc™   |   https://jh.elmerpub.com
This article is distributed under the terms of the Creative Commons Attribution Non-Commercial 4.0 International License, which permits 

unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited
253

Review J Hematol. 2025;14(5):253-256

Iron-Induced Hypophosphatemia: A Review of 
Pathophysiology, Drug Safety,  

and Pharmacogenomic Perspectives

Simone Pozzesserea, b, c

Abstract

Intravenous (IV) iron therapy is a cornerstone in the management of 
iron deficiency anemia, yet its administration is associated with signifi-
cant side effects, most notably hypophosphatemia. This adverse event 
is not a class effect but is disproportionately linked to specific formula-
tions, particularly ferric carboxymaltose (FCM). This review synthesiz-
es the current clinical evidence, elucidates the central pathophysiologi-
cal role of fibroblast growth factor 23 (FGF23), and explores a potential 
pharmacogenomic basis for individual susceptibility. Clinical data from 
numerous randomized controlled trials and meta-analyses confirm that 
FCM induces hypophosphatemia in over 50% of patients, a rate far 
exceeding that of other IV iron preparations. The proposed underlying 
mechanism involves a “two-hit” process: pre-existing iron deficiency 
upregulates FGF23 gene transcription, while FCM administration is 
thought to inhibit the proteolytic cleavage of the FGF23 protein. This 
uncoupling of production and degradation leads to a surge in active, 
intact FGF23 (iFGF23), causing renal phosphate wasting. We explore 
the potential for genetic polymorphisms in FGF23 and its key process-
ing enzymes, such as FURIN, GALNT3, and FAM20C, to modulate in-
dividual risk. Understanding this complex interplay is crucial for risk 
stratification, appropriate formulation selection, and patient monitoring 
to mitigate the acute and chronic consequences of iatrogenic hypophos-
phatemia, including debilitating fatigue and osteomalacia.
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Introduction

Iron deficiency anemia (IDA) is a global health issue, and intra-

venous (IV) iron preparations are essential when oral therapy 
is ineffective or not tolerated [1]. While modern formulations 
have improved safety profiles, they are not without adverse 
effects. A significant and increasingly recognized complica-
tion is hypophosphatemia, a condition characterized by low 
serum phosphate levels [2]. This adverse event can range from 
an asymptomatic laboratory finding to a severe, debilitating 
condition causing fatigue, muscle weakness, and, with chronic 
exposure, osteomalacia and fractures [3].

Crucially, the risk of hypophosphatemia is not uniform 
across all IV iron products. Evidence clearly indicates that 
ferric carboxymaltose (FCM) and iron polymaltose are as-
sociated with a significantly higher incidence and severity of 
hypophosphatemia compared to other formulations like fer-
ric derisomaltose (FDI) or iron sucrose [4, 5]. This suggests a 
mechanism tied to the specific properties of certain iron-car-
bohydrate complexes rather than a class effect of iron repletion 
itself [2].

The pathophysiology points to a complex hormonal dys-
regulation centered on fibroblast growth factor 23 (FGF23), a 
key regulator of phosphate homeostasis [6]. This review aims 
to: 1) systematically analyze the clinical evidence comparing 
different IV iron formulations; 2) detail the proposed patho-
physiological mechanism involving FGF23 dysregulation; 
3) explore a potential pharmacogenomic basis for individual 
susceptibility based on an analysis of relevant genes; and 4) 
discuss the clinical implications for drug safety and patient 
management in hematology practice.

Clinical Evidence and Formulation-Specific Risk

The link between IV iron and hypophosphatemia is now firm-
ly established through multiple randomized controlled trials 
(RCTs) and meta-analyses. These studies consistently demon-
strate that FCM carries the highest risk [7]. A landmark RCT 
comparing FCM to ferumoxytol (FMX) found that 50.8% of 
patients receiving FCM developed hypophosphatemia (< 2.0 
mg/dL), compared to just 0.9% in the FMX group [8]. Simi-
larly, the PHOSPHARE-IBD trial, which compared FCM to 
FDI, reported hypophosphatemia incidence rates of 51.0% for 
FCM versus 8.3% for FDI [9]. A network meta-analysis con-
firmed FCM as the formulation with the highest risk, ranking 
it significantly worse than FDI, iron sucrose, and FMX [7]. 
It should be noted that iron polymaltose, another formulation, 
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has also been associated with a high risk of FGF23-mediated 
hypophosphatemia [5, 10].

The onset of hypophosphatemia typically occurs around 2 
weeks post-infusion, which corresponds to the peak effect of 
FGF23 on renal tubules [10]. While often transient, the dura-
tion is variable. Many cases resolve within 5 to 12 weeks, but 
a significant proportion of patients (up to 45%) can experience 
persistent hypophosphatemia that lasts for months, particularly 
after repeated infusions [8, 11].

Several clinical factors influence the risk of developing 
this complication. While treatment with a high-risk formu-
lation like FCM is the primary determinant for incident hy-
pophosphatemia, other factors may modulate the risk of devel-
oping severe or persistent forms [12]. Paradoxically, normal 
renal function (a higher estimated glomerular filtration rate 
(eGFR)) is a major risk factor for the initial event, as func-
tioning kidneys are required to excrete phosphate under the 
influence of FGF23 [6]. Other identified risks include more 
severe baseline iron deficiency and the need for repeated doses 
of FCM, which can lead to a cumulative effect [2]. The evi-
dence for pre-existing vitamin D deficiency as a major risk 
factor is limited and largely based on case reports and reviews 
[3]. The symptoms of hypophosphatemia (e.g., fatigue, weak-
ness) can also be mistaken for those of the underlying anemia, 
leading to diagnostic confusion and potentially inappropriate 
re-treatment [9].

Pathophysiology: The Proposed Central Role 
of FGF23

The pathophysiology of this adverse event is not due to di-
rect iron toxicity but is best explained by a plausible “two-
hit hypothesis” involving FGF23 [2]. It is important to note 
that while this model fits the clinical data, direct molecular 
evidence of specific iron formulations inhibiting the cleavage 
machinery is still lacking.

First hit: iron deficiency

Iron deficiency itself stimulates the transcription of the FGF23 
gene in osteocytes, likely mediated by hypoxia-inducible 
factors (HIFs) [13]. However, this does not cause hypophos-
phatemia because the increased production of the FGF23 pro-
tein is matched by a compensatory increase in its proteolytic 
cleavage [14]. This cleavage splits the active, intact FGF23 
(iFGF23) into inactive fragments. Thus, in iron deficiency, 
levels of C-terminal FGF23 (cFGF23) are high, but iFGF23 
levels remain normal, preserving phosphate balance [13].

Second hit: FCM administration

The administration of FCM is thought to deliver the second 
hit by inhibiting the proteolytic cleavage of FGF23 [15]. The 
unique carbohydrate shell of FCM is hypothesized to be re-
sponsible for this effect, possibly by sterically hindering the 

enzymes that cleave the protein [4]. This blocks the compen-
satory degradation pathway, leading to a rapid and sustained 
surge in circulating levels of active iFGF23 [6]. This excess 
iFGF23 then acts on the kidneys to suppress the NaPi-IIa and 
NaPi-IIc phosphate co-transporters, causing massive renal 
phosphate wasting (phosphaturia) and a sharp drop in serum 
phosphate [14].

Figure 1 shows a schematic representation of this mecha-
nism.

A Potential Pharmacogenomic Basis for Sus-
ceptibility

While the choice of iron formulation is the primary risk fac-
tor, the high incidence but variable severity of FCM-induced 
hypophosphatemia suggests a potential role for genetic predis-
position. This section explores this as a speculative but bio-
logically plausible area for future research.

The post-translational processing of FGF23 is a critical 
control point. The cleavage of FGF23 occurs at a specific site 
(R176HTR179↓S180) and is regulated by a complex interplay of 
enzymes. This process is performed primarily by the enzyme 
furin [16]. However, its activity is modulated by two other key 
proteins: the glycosyltransferase GALNT3, which protects 
the protein from being cleaved by adding a sugar moiety to 
threonine-178 [17], and the kinase FAM20C, which phospho-
rylates serine 180. This phosphorylation promotes cleavage 
by preventing the protective action of GALNT3 [18]. Genetic 
variants in the genes encoding these four proteins - FGF23, 
FURIN, GALNT3, and FAM20C - could therefore logically 
alter an individual’s susceptibility.

Known rare diseases provide a biological rationale that 
inferentially suggests a possible mechanism for genetic pre-
disposition. Autosomal dominant hypophosphatemic rickets 
(ADHR) is caused by mutations in the FGF23 cleavage site 
that make the protein resistant to furin, leading to chronic 
iFGF23 excess [19]. Conversely, familial tumoral calcino-
sis (HFTC) can be caused by loss-of-function mutations in 
GALNT3 or FAM20C, leading to excessive FGF23 cleavage 
and hyperphosphatemia [17, 18].

We hypothesize that common, less impactful single nu-
cleotide polymorphisms (SNPs) in these genes could create a 
“polygenic risk score”. An individual carrying a combination 
of variants that slightly alter the function of these enzymes may 
have a “fragile” processing system. While stable under normal 
conditions, this system could be more easily overwhelmed 
by the cleavage-inhibiting effect of FCM. Future pharmacog-
enomic studies would be needed to validate these candidate 
variants and explore this hypothesis [20].

Conclusion and Clinical Implications

FCM-induced hypophosphatemia is a frequent and clinically 
significant adverse drug reaction that remains underappreci-
ated in routine hematology practice. The evidence strongly 
indicates that this is not a class effect of IV iron but a specific 
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liability of certain formulations, driven by a proposed inter-
ference with FGF23 cleavage. The most insidious aspect of 
this adverse event is its ability to create a diagnostic quagmire, 
where symptoms of hypophosphatemia are mistaken for the 
underlying anemia, potentially leading to re-administration of 
the causative agent.

The current standard of care should evolve to reflect this 
evidence. A proactive strategy is essential. The most effective 
and practical strategy for primary prevention is the selection 
of an IV iron formulation with a proven low risk of hypophos-
phatemia, such as FDI or iron sucrose. When high-risk for-
mulations like FCM are used, clinicians must be educated to 
recognize the high-risk patient profile and consider monitoring 
serum phosphate, especially before administering subsequent 
doses.

Looking forward, a potential future direction for re-
search lies in pharmacogenomics. While our hypothesis of 
a polygenic risk model is biologically plausible, it remains 
speculative. It is important to acknowledge that the imple-
mentation of such genetic testing faces significant practical 
hurdles, including cost and reimbursement, and its clinical 
utility is not yet clear. Therefore, framing this as an immedi-
ate “next frontier” would be premature. Nevertheless, under-
standing the potential genetic basis of this adverse reaction 
remains an important gap in the literature that future stud-
ies, incorporating DNA collection, could help to address. A 
personalized approach, combining clinical risk stratification 
with, perhaps one day, genetic insights, would be the ultimate 

path to maximizing the benefit and minimizing the risk of 
this essential therapy.
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Figure 1. The proposed “two-hit” mechanism of ferric carboxymaltose (FCM)-induced hypophosphatemia. (a) In a state of iron 
deficiency, transcription of the FGF23 gene is upregulated in osteocytes, leading to increased protein production. However, this 
is matched by a compensatory increase in proteolytic cleavage, resulting in high levels of inactive C-terminal FGF23 (cFGF23) 
fragments but normal levels of active, intact FGF23 (iFGF23). Phosphate homeostasis is maintained. (b) The administration of 
FCM is hypothesized to inhibit the cleavage process. This uncouples the high production rate from degradation, leading to a 
surge in circulating iFGF23, which in turn causes renal phosphate wasting and hypophosphatemia. (c) Molecular detail of the 
FGF23 cleavage site. The protease FURIN cleaves the protein at R179/S180. This cleavage is promoted by the kinase FAM20C, 
which phosphorylates serine 180 (S180). This phosphorylation prevents the protective O-glycosylation of threonine 178 (T178) 
by the enzyme GALNT3.
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