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Abstract

Phosphate is a key element for several physiological pathways, such as skeletal development, bone 

mineralization, membrane composition, nucleotide structure, maintenance of plasma pH, and 

cellular signaling. The kidneys have a key role in phosphate homeostasis with three hormones 

playing important roles in renal phosphate handling (i.e., parathyroid hormone (PTH), fibroblast 

growth factor 23 (FGF23), and 1-25 dihydroxy-vitamin D).

Independently of the genetic diseases affecting the FGF23 pathway (such as hypophosphatemic 

rickets), hypophosphatemia is a frequent condition in daily practice, and untreated severe 

hypophosphatemia can induce hemolysis, rhabdomyolysis, respiratory failure, cardiac dysfunction 

and neurological impairment, thus requiring a rapid correction to avoid severe complications.

The aims of this case report are to summarize the etiologies and the biological evaluation of 

hypophosphatemia in adults, and to provide an overview of our current understanding of 

phosphate metabolism.
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Introduction

Phosphate is a key element for several physiological pathways, such as skeletal 

development, bone mineralization, membrane composition, nucleotide structure, 

maintenance of plasma pH, and cellular signaling (1). The vast majority of phosphate is in 

bone, but the kidneys have a key role in phosphate homeostasis with two hormones playing 

important roles in renal phosphate handling: parathyroid hormone (PTH) and fibroblast 

growth factor 23 (FGF23). Both hormones have hypophosphatemic effects by decreasing 

tubular phosphate reabsorption, but opposite effects on the regulation of 1,25 

dihydroxivitamin D. The third main regulator of phosphate metabolism is 1-25 

dihydroxyvitamin D via an increased phosphate intestinal absorption and an inhibition of 
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PTH synthesis. An overview of phosphate physiology, with intestinal absorption, renal 

excretion and bone metabolism is provided in Figure 1.

Hypophosphatemia is defined in adults by a serum phosphate level below 2.5 mg/dL (0.8 

mmol/L) and a severe hypophosphatemia by a serum phosphate level below 1 mg/dL (0.3 

mmol/L) (2); in children hypophosphatemia is defined according to age-related normal 

range (3). Severe hypophosphatemia can induce proximal muscular weakness, respiratory 

failure, rhabdomyolysis, neurological impairment (e.g, irritability, paresthesias, seizures and 

coma), cardiovascular dysfunction (e.g., arrhythmia, congestive heart failure, 

cardiomyopathy), platelet dysfunction (e.g., thrombocytopenia, hemorrhage), hemolysis, 

metabolic acidosis and osteomalacia (4); in children with defects of tubular reabsorption of 

phosphorus (e.g., hypophosphatemic rickets (HR), proximal tubulopathy such as De Toni 

Debre Fanconi syndrome or Dent disease), hypophosphatemia can also induce growth 

retardation, bone deformaties and rickets. In the early 2000's, the key role of FGF23 and its 

regulators in phosphate physiology was discovered: its overexpression was initially 

described in pediatric patients with autosomal dominant HR (5), but it was also rapidly 

associated with tumor-induced osteomalacia (TIO) in adults and other types of HR in 

children (6).

The aims of this case report are to summarize the etiologies and the biological evaluation of 

hypophosphatemia in adults, and to provide an overview of our current understanding of 

phosphate metabolism.

Case report

Clinical history and initial laboratory data

A 27-year old female was diagnosed with HR at the age of 2 years: she presented with 

growth retardation (worsening since the beginning of walking), bowing of the legs and 

hypophosphatemia. There was a negative familial history for phosphorus disorders, and a 

genetic analysis of the main genes involved in HR has not been performed. Therapy was 

initiated with both phosphate supplementation and alfacalcidol. Her final adult height was 

154 cm; leg deformities were very moderate, without need for surgical correction. There 

were no dental problems.

Additional investigations

A mild but stable nephrocalcinosis appeared at the age of 16 years; renal function remained 

normal during follow-up. However, at the age of 21 years, while she was still receiving 

phosphate supplements (20 mg/kg per day) and alfacalcidol (2 μg per day), PTH levels 

began to rise (i.e., 80 pg/ml, upper normal range of the assay of 65 pg/ml); treatment was 

continued without modifications and PTH levels continued to increase (PTH: 115 pg/ml). 

Phosphate supplements and alfacalcidol were therefore tapered and eventually discontinued. 

However, clinical symptoms (i.e., muscular and bone pain, asthenia) recurred with serum 

phosphorus levels of 1.50 mg/dl three months after the initial therapeutic withdrawal, 

leading to the reintroduction of phosphorus (20 mg/kg per day) and alfacalcidol (1 μg per 
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day), in addition to a native vitamin D supplementation (cholecalciferol, 100 000 units 

monthly).

Diagnosis

Thus, after an initial diagnosis of HR during early childhood based on the association 

between bone deformaties and hypophosphatemia, the patient received long-term treatment 

with phosphate supplementation and active vitamin D sterol (alfacalcidol) and as a young 

adult, the presents with the two main long-term complications secondary to therapies often 

observed in HR: secondary hyperparathyroidism and nephrocalcinosis.

Clinical follow-up

At age xx years, , the patient was asymptomatic but PTH levels rose again (from 89 to 111 

pg/mL) with normal serum calcium, decreased serum phosphorus (1.50 mg/dl, values range 

between 1.9 and 2.2 mg/dl), 25(OH)D level of 25 ng/mL within the lower limit, urine 

calcium/creatinine ratio of 0.59 within the upper limit and increased bone biomarkers 

(crosslaps 10 times, osteocalcin 1.5 times and bone alkaline phosphatase 9 times the upper 

normal value, respectively; total bone alkaline phosphatase within the upper normal level). 

Parathyroid ultrasounds and scintigraphy were normal. Of note, glycosuria was present in 

the absence of diabetes mellitus; indeed, the development of glycosuria is a rare feature of 

X-linked HR, but its pathogenesis is not well defined (7, 8).

Discussion

In adults, hypophosphatemia is relatively frequent in daily medical practice, affecting up to 

5 % of hospitalized patients and up to 30-50 % if patients are alcoholic, septic or 

hospitalized in intensive care units (1, 2). Indeed, hypophosphatemia will become clinically 

significant when there is an underlying phosphate depletion state that can be silent at 

baseline in chronically-malnourished patients but with a tendency to worsen in case of acute 

stress. Starvation is associated with phosphate depletion and urinary loss of phosphorus; at 

the same time, IV carbohydrate infusions induce transcellular phosphorus shifts that worsen 

the hypophosphatemic state (9). In these critically-ill patients, respiratory alkalosis, 

inadequate amount of phosphate intake and increased glycolysis (by leading to the formation 

of phosphorylated glucose compounds) all contribute to hypophosphatemia. For example, in 

alcoholic patients, poor nutrition prior to admission, transcellular shifts secondary to 

intravenous fluids containing carbohydrates, and hyperventilation often observed in acute 

alcohol withdrawal are thought to play a critical role in the pathogenesis of 

hypophosphatemia in hospitalized alcoholics patients, furthermore, chronic alcoholism 

increases phosphaturia (9).

As summarized in Table 1, hypophosphatemia can have a variety of etiologies (1, 4, 10, 11). 

Furthermore, several medical conditions can interfere with serum phosphate determinations, 

such as hemolysis, hyperbilirubinemia, hyperlipemia and hyperglobulinemia (1, 4, 12).

Since FGF23 has been recently shown to be a cornerstone of phosphate/calcium/vitamin D 

metabolism, an overview of its physiology is shown in Figure 2. Mutations of FGF23 and 

most of its regulators, that account for either hypophosphatemic or hyperphosphatemic 
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disorders, are summarized in Table 2 (5, 13-16). FGF23 is a protein synthesized by 

osteocytes and osteoblasts that mainly acts as a phosphaturic factor and an inhibitory 

regulator of 1,25 dihydroxy-vitamin D; it may also regulate PTH synthesis and secretion 

(17). Indeed, it inhibits the expression of type IIa and IIc sodium-phosphate co-transporters 

on the apical membrane of proximal tubular cells, thus leading to an inhibition of tubular 

phosphate reabsorption. Moreover, it also inhibits the 1α-hydroxylase activity whereas it 

stimulates the 24 hydroxylase activity, therefore leading to a decreased 1,25 

dihydroxyvitamin D serum level (18). FGF23 binds with only modest affinity to multiple 

receptors belonging to the family of FGF receptors (FGF-R, mainly types 1, 3 and 4); 

however, Klotho, a single-pass transmembrane anti-aging protein, can serve as a co-receptor 

that increases the affinity and specificity of FGF binding to FGFRs thereby allowing 

FGF23-mediated receptor activation (19). Klotho/FGF-R complexes are expressed in the 

parathyroid and the kidney, but the highest expression of this complex is in the distal tubule 

whereas the major biologic effects of FGF23 are located in the proximal tubule (20); this 

discrepancy is not explained to date, but recent reports have described an expression of 

Klotho in the proximal tubule, with a direct phosphaturic effect by itself (21). Moreover, 

Klotho can also function as an enzyme modifying the sugar chains of transient receptor 

potential vanilloid type 5 (TRPV5) in the distal tubule, preventing the calcium channel from 

internalization and inactivation, thus leading to an increased calcium reabsorption (22). 

FGF23 is regulated by systemic and local bone-derived factors involving both 

transcriptional and post-translational mechanisms. In healthy volunteers, oral phosphorus 

loading stimulates FGF23 synthesis while it is the contrary for dietary phosphorus restriction 

(23). PTH, vitamin D, phosphate and calcium stimulate FGF23 synthesis whereas 

glycophosphoproteins synthesized by osteocytes can activate or inhibit FGF23 secretion 

(e.g., Matrix Extracellular Phosphoglycoprotein MEPE and Dentin Matrix Protein 1 DMP1, 

respectively) (24). These two proteins are strongly involved in bone mineralization, but 

MEPE has also been recently described as a phosphaturic factor in the renal tubules (25). 

The specific role of FGF23 on bone remains to be defined since Klotho is not expressed in 

bone cells; however recent studies have demonstrated that FGF23 overexpression in vitro 

can suppress not only osteoblast differentiation but also matrix mineralization, 

independently of its systemic effect on phosphate metabolism (26). In contrast, other authors 

have reported a positive effect of FGF23 on bone: indeed, Wesseling-Perry et al. have 

reported an association between high levels of circulating FGF23 and improved indices of 

skeletal mineralization in pediatric patients undergoing peritoneal dialysis (27); moreover, 

bone FGF23 is up-regulated in patients with early stages of chronic kidney disease (27). In 

medical conditions such as hypophosphatemic rickets or TIO, to our knowledge, the specific 

role of FGF23 on bone has not been yet established. However, Carpenter et al have recently 

shown that patients with X-linked HR had elevated FGF23 circulating levels in comparison 

to healthy controls, and that these values were higher in the treated patients; in contrast, 

Klotho levels were not modified when compared to healthy controls (21).

When evaluating a patient with hypophosphatemia (Figure 3), serum phosphorus levels 

should be interpreted with concomitant evaluations of serum total and ionized calcium, PTH 

and 25-OH vitamin D, as well as urine phosphate and calcium excretion since isolated serum 

phosphate levels are not reliable indicators of total body phosphate content (28). The 
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combination of medical history, physical examination and laboratory tests should identify 

the etiology of hypophosphatemia in most cases, and will help to determine whether the 

hypophosphatemia is the consequence of renal wasting, a decreased intestinal absorption or 

a repartitioning among the different body compartments (28). Urine phosphate excretion can 

be evaluated by the 24-hour excretion of phosphate (U24P), the calculation of the fractional 

excretion rate of phosphate (FeP) or the determination of the tubular maximum for 

phosphate corrected for the glomerular filtration rate (TmP/GFR). When circulating 

phosphorus levels are below 3.1 mg/dL, all the phosphorus in the glomerular filtrate is 

reabsorbed and phosphorus should not be present in the urine; above this critical 

concentration, urine phosphorus concentration reflects phosphorus balance, and therefore 

dietary intake (29). Thus, in cases of hypophosphatemia, if U24P is above 100 mg and/or if 

FeP is above 5 % and/or if TmP/GFR is below 2.1mg/dL (normal values according to age 

and gender), hypophosphatemia will be secondary to excessive renal wasting (2). When a 24 

hour-collection is difficult, a spot first urine in the morning before lunch can also be used 

(30). Although FGF23 assays have been developed a few years ago, they are not available in 

clinical practice and the use of urinary phosphate indices may reflect FGF23 levels. 

Following the description of an active and an inactive form of FGF23, two types assays have 

indeed been developed: the ‘intact’ assay that measures only active FGF23 and the ‘C-

terminal’ assay that measures both the active and inactive FGF23. Even though some studies 

for FGF23 determinations have utilized serum, serum it is not currently recommended 

because FGF-23 serum samples can be degraded, forming several bands on the Western 

blots in one hand, and because the FGF23 molecule appears to be unstable (with a resulting 

decreased immunoreactivity over time). As a consequence, if performed, samples should be 

collected on EDTA plasma or culture media. As stated earlier, urinary phosphate excretion 

can be considered as an indirect reflect of FGF23 levels.

In this case, the patient presented with hypophosphatemia beginning at an early age and 

investigations revealed evidence for HR. HR correspond to a heterogeneous genetic 

pathology, affecting 1/20 000 children, resulting from mutations in FGF23, Klotho or their 

regulators to induce hypophosphatemia, rickets, dental abnormalities (pulp chambers, dental 

hypoplasia, dentin abnormalities and dental abscesses) and bone deformations (32). Patients 

present with hypophosphatemia, normal serum calcium, decreased tubular phosphate 

reabsorption, normal 25OH vitamin D and PTH, and increased alkaline phosphatase levels. 

Adults with HR can also present with calcific entesopathy in fibrocartilaginous insertion 

sites (e.g., knees, ankles, pelvis, thoracic spine) with associated osteophyte formation (33).

The therapeutic management combines high oral phosphate intake and active vitamin D 

therapy, allowing a better growth and correcting bone deformaties, and such combined 

therapy may lead to long-term complications such as: secondary hyperparathyroidism 

secondary and nephrocalcinosis (34). While hypophosphatemic rickets is usually diagnosed 

during early childhood, an acquired disease with the same phenotype can also affect adults 

(more exceptionally children or teenagers), i.e., tumor-induced osteomalacia (TIO) (35). 

This clinical entity (TIO) corresponds to mesenchymal tumors, usually benign and located in 

the appendicular skeleton ; they result from an acquired hypersecretion of phosphatonins 

(mostly FGF23, sometimes SFRP4, MEPE or FGF7) (31). Patients present with 

osteomalacia, bone pain, fractures and muscular weakness; a normal phosphate level years 
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or months before the onset of the clinical picture is a strong rationale for an acquired cause 

of FGF23 hypersecretion. In case of renal wasting with no obvious etiology, a thorough 

search for TIO is important (i.e., tomography, MRI, scintigraphy with Tc99m and/or 

octreotide, sometimes PET-Scan with F18-fluorodeoxyglucose), since the removal of the 

tumor will correct hypophosphatemia and FGF23 production (31).

A few points can briefly be highlighted concerning the management of HR in adults since 

the two main long-term complications secondary to therapies, i.e., secondary 

hyperparathyroidism and nephrocalcinosis, were observed in our patient. According to 

current guidelines (32), the first step would be to decrease PTH levels: an increase of the 

dose of active vitamin D sterols, as well as a decrease of the phosphate supplement. 

However, in this case urinary calcium was in the upper normal range and thus limits the use 

of alfacalcidol. By contrast, correcting 25 OH vitamin D insufficiency and adding new 

agents utilized for the treatment of primary and secondary hyperparathyroidism such as 

calcimimetics (as a secondary line) may be potentially beneficial (36). Such therapeutic 

options have nevertheless not been utilized in this patient but promising results have been 

reported in these conditions (36, 37). In the future, targeting the FGF23 pathway with 

specific antibodies will probably be the most physiological approach, but to date, even 

though results are promising in animal models, no data have been published in humans (38). 

The treatment of HR patients during adulthood still remains controversial: it seems 

reasonable to treat symptomatic patients (bone pain, asthenia, depression or muscle 

weakness) with the lowest doses as possible of active vitamin D (39). Vitamin D deficiency 

or insufficiency should be corrected in all patients but there are no specific 

recommendations. The treatment for women with HR during pregnancy is questionable and 

even though no data are published, 25OH vitamin D supplementation is usually given, as 

well as oral phosphate according to symptoms. The future mother should be warned that 

early post-natal diagnosis can be made only after 3 to 6 months of life: indeed, because of 

the physiological low glomerular filtration rate in newborns, phosphate reabsorption 

abnormalities may be hidden during the first weeks of life.

In conclusion, hypophosphatemia is common in hospitalized patients, and malnutrition, 

alcohol withdrawal, critical illness, HIV infection and cardiac surgery, among others, are 

risk factors for this condition. Untreated severe hypophosphatemia can induce hemolysis, 

rhabdomyolysis, respiratory failure, cardiac dysfunction and neurological impairment, thus 

requiring a rapid correction to avoid severe complications.

The recent description of the key role of the FGF23 in the ‘bone-kidney-parathyroid’ axis 

had led to a better understanding of genetic conditions associated with hypophosphatemia 

and of the pathophysiology of both phosphate disorders (13). In HR patients, a careful use of 

phosphate supplements and active vitamin D sterols should be considered to prevent 

nephrocalcinosis, secondary hyperparathyroidism and soft tissue calcifications. In the future, 

specific antibodies directed against FGF23 will probably modify dramatically the 

management of such patients.
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Figure 1. 
Overview of phosphate physiology in adults

PTH: parathyroid hormone

FGF23: Fibroblast Growth Factor 23

RANKL: Receptor Activator for Nuclear Factor κ B Ligand
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Figure 2. 
Overview of FGF23 physiology

(+) corresponding to a positive effect

(−) corresponding to an inhibitory effect DMP1: dental matrix protein 1

FGF23: fibroblast growth factor 23

FGFR1: fibroblast growth factor receptor type 1

PHEX: phosphate-regulating gene with homologies to endopeptidases on X chromosome

PTH: parathyroid hormone

Npt 2: type II sodium-phosphate cotransporters (type a and c)
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Figure 3. 
Evaluation of an adult patient with hypophosphatemia

TmP/GFR: tubular maximal reabsorption of phosphorus / glomerular filtration rate FE 

phosphorus: fractional excretion of phosphorus

PTH: parathyroid hormone
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Table 1

FGF23 disorders and other regulators in humans

Disease Involved genes

Hypophosphatemia Hypophosphatemia rickets Activating mutation of FGF23 
***

Inactivating mutation of PHEX 
***

Inactivating mutation of DMP 1 
***

Inactivating mutation of ENPP1 
***

Inactivating mutation of Npt2c 
**

Activating translocation of Klotho 
*
 / 

**

With renal lithiasis and/or osteopenia and/or 
hypercalciuria Inactivating mutation of Npt2a 

**

Inactivating mutation of Npt2c 
**

Inactivating mutation of NHERF1

Mac Cune Albright / fibrous dysplasia of bone Overexpression of FGF23, GNAS 
***

Tumor-induced osteomalacia Overexpression of FGF23, MEPE, FGF7 and/or FRP4 
***

Epidermal naevus syndrome FGF-R3 
***

Hyperphosphatemia Familial tumoral calcinosis
Inactivating mutation of FGF23 

**

Inactivating mutation of Klotho 
***

Inactivating mutation of GALNT3 
**

FGF: fibroblast growth factor

PHEX: phosphate-regulating gene with homologies to endopeptidases on the X chromosome

DMP1: Dentin matrix protein 1

ENPP1 : ecto-nucleotide pyrophosphatase / phosphodiesterase 1

Npt2a: type IIa sodium-phosphate cotransporter (SLC34A1)

Npt2c: type IIc sodium-phosphate cotransporter (SLC34A3)

MEPE: matrix extracellular phosphoglycoprotein

FRP4: frizzled related protein 4

FGF-R3: fibroblast growth factor receptor 3

GALNT3: UDP-N-acetyl-a-D-galactosamine:polypeptide N-acetylgalactosaminyltransferase 3

*
with associated hyperparathyroidism

**
disease associated with a low FGF23 serum level

***
disease associated with a high FGF23 serum level
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Table 2

Etiologies of hypophosphatemia

Acute hypophosphatemia Chronic hypophosphatemia

Decreased phosphate intake Inadequate parenteral nutrition
Nutritional defects

Decreased intestinal absorption Vitamin D deficiency
Vitamin D-dependent rickets
Chronic anti-acid therapy
Intestinal malabsorption
Chronic liver disease
Alcoholism

Increased renal wasting of primary 
renal disease

After renal transplantation (first weeks)
Acute volume expansion

De De Toni Debre Fanconi syndrome
Dent disease
Toxic (ifosfamide, platin salts, diuretics, 
glucocorticoids, retroviral therapies in HIV patients, 
acetazolamide)

Hyperparathyroidism Primary and secondary hyperparathyroidisms

Increased FGF23 serum levels Hypophosphatemic rickets
Tumor-induced osteomalacia
Fibrous dysplasia
Mac Cune Albright syndrome
Toxic (saccharated ferric oxide)

Redistribution of phosphate between 
the different compartments

After bone marrow transplantation
Acute leukemia and lymphoma
Correction of diabetic ketoacidosis
Refeeding
Acute respiratory alkalosis
Hungry bone syndrome

Treatment with erythropoiesis-stimulating agents in 
patients with cirrhosis

Miscellaneous Severe sepsis
Extensive burns
Inadequate dialysis
Acute paracetamol overdose
Salicylate poisoning
Hypothermia
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