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Abstract
Background: Fibroblast growth factor (FGF23) is a phosphate-regulating hormone and might be a biomarker of cardiorenal comorbidities in the 
general population. Its role in hypoparathyroidism is unclear.
Objective: To assess the prevalence of abnormal FGF23 concentrations in patients with chronic hypoparathyroidism and explore their 
associations with mineral metabolism and renal phosphate handling.
Design: Cross-sectional, observational study complemented by a retrospective longitudinal analysis of biochemical parameters over a median 
follow-up of 5 years.
Patients: Forty-eight consecutive patients with chronic hypoparathyroidism (mean age 60.6 ± 16.3 years; 85% women; 87.5% postsurgical) 
evaluated at an academic medical center between January 2023 and December 2024.
Measurements: Serum intact FGF23 levels, serum calcium (Ca) and phosphate (P), Ca × P product, PTH, 1,25-dihydroxyvitamin D [1,25(OH)2D], 
estimated glomerular filtration rate (eGFR), and renal phosphate reabsorption [maximum rate of renal tubular reabsorption of phosphate/ 
glomerular filtration rate (TmPO4/GFR)].
Results: Elevated FGF23 levels were found in 71% of patients (mean 157.9 ± 92.4 pg/mL; reference range 23.2-95.4), despite adequate 
biochemical control (calcium 8.7 ± 0.8 mg/dL; phosphate 4.5 ± 0.8 mg/dL; Ca × P product 39.2 ± 6.8 mg²/dL²). FGF23 was associated with 
longer disease duration (P = .004), lower eGFR (P = .008), lower PTH (P = .03), reduced 1,25(OH)2D (P = .016), and elevated Ca × P product 
(P = .036). Despite elevated FGF23, TmPO4/GFR was paradoxically increased, suggesting impaired renal responsiveness. Female sex and 
Ca × P product were independent predictors of FGF23 levels.
Conclusion: FGF23 is frequently elevated in chronic hypoparathyroidism, indicating a disrupted phosphate metabolism, and its increase seems 
to be ineffective in promoting phosphate excretion, probably due to renal resistance mechanisms. Further studies are needed to clarify the role of 
FGF23 as a clinical biomarker, risk factor, and potential therapeutic target in this population.
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Fibroblast growth factor 23 (FGF23) is a peptide hormone, 
mainly secreted by osteocytes and osteoblasts. FGF23 was first 
identified in the early 2000s as part of studies on autosomal 
dominant hypophosphatemic rickets [1] and tumor-induced 
osteomalacia [2], 2 rare diseases characterized by increased 
urinary excretion of phosphorus. In the following years, its 
role was progressively clarified, leading to its recognition as 
the main phosphaturic hormone, acting alongside PTH and 
opposing active vitamin D [3]. Furthermore, especially in clin
ical conditions characterized by hyperphosphatemia and renal 
dysfunction, FGF23 has been associated with an increased risk 
of cardiovascular complications [4, 5], progressive deterior
ation of renal function [6, 7], and higher all-cause mortality 
[8], suggesting a clinical relevance of elevated FGF23 levels.

Hypoparathyroidism is a rare endocrine disorder character
ized by absent or inappropriately low circulating PTH levels, 

resulting in hypocalcemia and hyperphosphatemia [9]. Several 
pieces of evidence have reported that hypoparathyroid pa
tients have a higher incidence of cardiovascular complications 
[10-12] and are prone to developing chronic kidney disease 
[13, 14].

While the role of FGF23 in the phosphate-wasting disorders 
is better documented, its role in conditions such as hypopara
thyroidism, characterized by both hypocalcemia and hyper
phosphatemia with low or undetectable levels of PTH, 
remains unclear. Thus far, only a few studies have evaluated 
FGF23 levels in hypoparathyroid patients, with their findings 
remaining inconsistent. Some studies reported elevated 
FGF23 levels in small cohorts [15-19], although it is unclear 
whether this increase may be related to low PTH, hyperphos
phatemia, elevation in calcium phosphate (CaP) product, or 
reduced kidney function. Moreover, it is not yet clear whether 
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elevated FGF23 may cause a greater burden of comorbidities. 
FGF23’s precise role in the evaluation and management of 
chronic hypoparathyroidism therefore remains poorly under
stood to date.

This study aims to (1) describe the proportion of patients 
with abnormal FGF23 levels in a cohort of patients with 
chronic hypoparathyroidism managed in an academic medical 
center and (2) explore any associations of FGF23 levels with 
other clinical parameters in a cohort of patients with chronic 
hypoparathyroidism.

Methods
Ethics
This study was conducted in accordance with STROBE 
(STrengthening the Reporting of OBservational studies in 
Epidemiology) recommendations. Patients consented to par
ticipate. The local institutional review board (CE-AVEC) ap
proved this study (protocol code: PARAT-970/2021/Oss/ 
AOUBo).

Study Population
A total of 65 consecutive patients with chronic hypoparathyr
oidism followed at the Bone and Parathyroid Section of the 
Endocrinology Unit, IRCCS Policlinico S. Orsola, Bologna, 
Italy, were evaluated between January 30, 2023, and 
December 31, 2024, as part of routine clinical care, using a 
standardized laboratory protocol. Of these, 48 patients met 
the inclusion criteria and were included in the study. Six pa
tients had nonsurgical hypoparathyroidism: 5 with idiopathic 
hypoparathyroidism and 1 with DiGeorge syndrome.

FGF23 levels were measured alongside PTH and mineral 
metabolism parameters during this period in each patient 
who met inclusion and exclusion criteria. A retrospective lon
gitudinal assessment of biochemical data collected from prior 
follow-up visits was integrated with the cross-sectional ana
lysis to explore exposure to biochemical control of the disease 
over time. Patients’ first referral to the Endocrinology Unit 
ranged from 2002 to 2024, with a median follow-up period 
of 4.8 years (range 0-21.8 years, mean 6.1 years).

Inclusion and Exclusion Criteria
Patients with chronic hypoparathyroidism, diagnosed accord
ing to the latest international guidelines [20], undergoing 
FGF23 sampling were included. Hypoparathyroidism was de
fined as persistent hypocalcemia with undetectable or in
appropriately low/normal PTH levels, confirmed by at least 
2 measurements performed ≥2 weeks apart. In postsurgical 
cases, diagnosis required these criteria to be present for at least 
12 months after surgery. Exclusion criteria included breast
feeding patients (n = 1), patients actively participating in clin
ical trials involving PTH analogs under development (n = 9), 
and patients unable or unwilling to perform the blood draw 
in the local laboratory of the Endocrinology Unit (n = 7).

Clinical Parameters
Demographic and clinical data were collected by chart review 
(review of patients’ electronic medical records or other reports 
included in the medical chart, including radiology reports). 
Chart review enabled the establishment of age; sex; disease 
duration; and development of complications such as nephro
lithiasis, nephrocalcinosis, chronic renal failure, cataracts, 

clinical fractures, or cardiovascular disease. Each complica
tion was ascertained whenever a clinical or radiology report 
mentioned the presence of the specific complication. 
Ongoing therapies at the time of FGF23 evaluation (index 
date), along with densitometric data [bone mineral density 
(BMD)] measurements of spine, femur, and forearm and 
bone microarchitecture by trabecular bone score), were also 
assessed with the same densitometer (Ge-Lunar iDXA®) 
within 12 months of the index date.

Laboratory Parameters
All blood and urine samples from the patients were collected 
in the Endocrinology Unit and then analyzed at the LUM— 
Unified Metropolitan Laboratory of Bologna. Biochemistries 
were drawn in a fasting state in the morning between 7:30 
and 10:00 AM Serum total calcium (normal range 
8.6-10.5 mg/dL), ionized calcium (normal range 1.15-1.29), 
serum phosphorus (normal range 2.5-4.5 mg/dL), magnesium 
(normal range 1.6-2.6 mg/dL), albumin (normal range 
35-50 g/L), creatinine (normal range 0.5-1.2 mg/dL), 
25OH-vitamin D (normal > 20 ng/mL), 1,25(OH)₂ dihydrox
yvitamin D [1,25(OH)₂D; normal range 15.2-90.1 pg/mL], 
second-generation PTH (normal range: 12-88 pg/mL), 
C-terminal telopeptide (normal range 0.115-1.351 ng/mL), 
bone-specific alkaline phosphatase (normal range 
5.5-32.9 mcg/L), and 24-hour urinary calcium and phosphate 
(mg/24 hours) were all obtained from the same blood draw or 
urine collection. Derived parameters [eg, phosphate fractional 
excretion, calcium fractional excretion, maximum rate of re
nal tubular reabsorption of phosphate/glomerular filtration 
rate (TmPO4/GFR), CaP product] were also evaluated and 
calculated at the time of FGF23 measurement. Retrospective 
longitudinal biochemical data were used to calculate the 
mean for each biochemistry obtained from the time of the pa
tient’s first evaluation at the Endocrinology Unit up to the in
dex date. The CaP product was calculated only when serum 
calcium and phosphate were assessed in the same blood draw.

FGF23 Assay
The human intact and C-terminal FGF23 assays were per
formed by an immunoenzymatic-sandwich ELISA 
(Biomedica Intact FGF23 ELISA Kit, Cat# BI-20700, RRID: 
AB_3717377). The intact FGF23 assay is based on a recombin
ant monoclonal capture antibody directed against a structural 
epitope of the N-terminal portion of FGF23. A monoclonal 
antibody linked to horseradish peroxidase is used to detect 
the C-terminal region, thus revealing the intact molecule. 
The intact FGF23 normal range is 23.2 to 95.4 pg/mL. This 
method has a limit of detection of 5.4 pg/mL and a limit of 
quantification of 12.5 pg/mL. The measurement range varies 
from 5 to 1600 pg/mL, with an intra-assay coefficient of vari
ation of <6% and interassay coefficient of variation of <8%. 
Regarding the C-terminal FGF23 assay, the normal range is  
< 9.8 pg/mL, and the average intra-and interassay coefficients 
of variation are ≤ 12% and ≤ 10%, respectively. Antibody in
formation was verified through the Antibody Registry.

Statistical Analysis
The statistical analysis used IBM SPSS 30.0 (©IBM, Chicago, 
IL, USA), setting a significant threshold of P < .05. Descriptive 
statistics (mean ± SD, range) were used for continuous 

2                                                                                                                                     Journal of the Endocrine Society, 2026, Vol. 10, No. 2



variables, and absolute and relative frequencies were used for 
categorical variables. The distribution pattern of the data re
sulted in the application of parametric (Student’s t-test, 
ANOVA, etc.) and nonparametric (Mann-Whitney, Fisher’s 
exact test) tests. The chi-square test was used for categorical 
variables. Multivariate regression analysis techniques were 
used to investigate the relationship between significant varia
bles and FGF23 levels.

Results
The study included 48 patients with chronic hypoparathyroid
ism, of whom 41 (85%) were women and 7 (15%) were men. 
The mean age was 60.6 ± 16.3 years, and the average duration 
of disease was 14.8 ± 12.1 years. Most patients (87.5%) had 
postsurgical hypoparathyroidism, with a mean age at diagno
sis of 48.8 years. Cataracts, either present or previously 
treated surgically, were the most frequent complication 
(29.2%) (Table 1). BMD was generally preserved, with 
Z-scores in the expected range for age across all measured 
sites, including lumbar spine, femoral neck, and total hip, as 
well as the ultradistal and distal radius (Supplementary 
Table 1) [21].

Mean serum calcium was 8.7 ± 0.8 mg/dL, and mean phos
phate was 4.5 ± 0.8 mg/dL. The average CaP product was 
39.2 ± 6.8 mg²/dL². Kidney function was mildly reduced over
all, with a mean serum creatinine of 0.97 ± 0.38 mg/dL and an 
estimated glomerular filtration rate (eGFR) of 54.5 ±  

18.6 mL/min/1.73 m², as expected (Table 2). Serum 
25-hydroxyvitamin D [25(OH)D] levels were generally ad
equate (mean 29.7 ± 12.3 ng/mL), whereas serum 
1,25(OH)₂D levels were in the low-normal range (33.8 ±  
15.8 pg/mL). Intact FGF23 concentrations were elevated in 
most patients, with a mean value of 157.9 ± 92.4 pg/mL; 
70% of the cohort had levels above the reference range 
(23.2-95.4 pg/mL) (Supplementary Fig. 1, Table 3) [21]. 
C-terminal FGF23 was also increased (30.8 ± 36.1 pg/mL; 
normal <9.8 pg/mL).

Regarding therapy, 45 patients (94%) were treated with 
conventional therapy, consisting of calcium carbonate and ac
tive vitamin D. Mean daily doses were 1613 ± 1782 mg of cal
cium carbonate and 0.60 ± 0.49 mcg of calcitriol. Nine 
patients were taking hydrochlorothiazide (12.5-25 mg/day), 
and 4 were receiving recombinant PTH(1-34) at 20 mcg twice 
daily (Supplementary Table 2) [21].

When stratified by median intact FGF23 concentration 
(137.8 pg/mL), patients with higher FGF23 levels had signifi
cantly longer disease duration (19.6 ± 13.1 vs 9.6 ± 8.5 years, 
P = .004) and worse renal function (eGFR 49.6 ± 17.3 vs 61.4  
± 16.9 mL/min/1.73 m², P = .008). Serum 1,25(OH)₂D levels 
were lower in this group (29.9 ± 12.9 vs 39.8 ± 13.7 pg/mL, 
P = .016), despite similar supplementation. PTH levels were 
significantly lower (8.7 ± 8.3 vs 14.6 ± 8.0 pg/mL, P = .03). 
Although serum calcium and phosphate were not significantly 
different between groups, both tended to be higher in the 
high-FGF23 subgroup. The CaP product was significantly 
higher both at the time of blood sampling (41.3 ± 7.1 vs 
37.2 ± 6.0 mg²/dL², P = .036) and when averaged over the 
follow-up period (40.5 ± 5.8 vs 36.1 ± 6.1 mg²/dL², 
P = .014). Urinary phosphate excretion (both absolute and 
fractional) and TmPO₄/GFR were not significantly different 
between FGF23 groups after adjusting for renal function 
(phosphate fractional excretion 9.8 ± 4.1% vs 11.7 ± 7.9%, 
P = .321; TmPO₄/GFR 3.9 ± 0.6 vs 4.2 ± 1.0, P = .227) 
(Table 3). We repeated the analyses after adjusting for age, 
finding that disease duration remained significantly associated 
with FGF23 levels (P = .016), whereas the association with re
nal function (eGFR) was slightly weakened (P = .076) 
(Supplementary Table 3) [21]. We further performed a uni
variate analysis with disease duration as a continuous covari
ate and FGF-23 category (> or < 50th percentile) as a fixed 
factor. Disease duration was associated with renal function 
(eGFR P = .012) and C-terminal telopeptide (P = .008), while 
FGF-23 was linked to bone alkaline phosphatase (P = .046), 
calcium fractional excretion (P = .008), and mean CaP prod
uct (P = .047) (Supplementary Table 4) [21].

Clinically, patients with high FGF23 had a significantly 
lower prevalence of clinical fractures (1 vs 7 cases, P = .020) 
and a significantly higher prevalence of malignancies (6 vs 1, 
P = .041). A nonsignificant trend toward a higher prevalence 
of myocardial ischemia was also observed in this group (3 vs 
0 cases, P = .074). No significant differences emerged regard
ing sex distribution, BMD, or medication dosages 
(Supplementary Tables 5 and 6) [21]. Bone-specific alkaline 
phosphatase levels were higher in patients with lower 
FGF23 (14.6 ± 4.4 vs 11.4 ± 4.1 U/L, P = .032), suggesting 
lower bone turnover in those with higher FGF23. 
Additionally, no significant correlations were observed be
tween serum FGF23 levels (both intact and C-terminal) and 
BMD at the lumbar spine, femoral neck, or total femur 
(Supplementary Table 7) [21].

Table 1. General characteristics of the study population

Parameter Mean ± SD  
or n (%)

Patients with chronic hypoparathyroidism 48
Women 41 (85)
Age (years) 60.6 ± 16.3
BMI (kg/m2) 29.9 ± 7.1
Etiology

Postsurgical 42 (87.5)
Nonsurgical 6 (12.5)

Disease duration (years) at index date, min-max (years) 14.8 ± 12.1 (0-48)
Follow-up duration up to index date, min-max (years) 6.1 ± 5.9 (0-21.8)
Age of diagnosis, min-max 48.8 ± 16.4 

(20-86)
Hypertension 14 (29)
Diabetes 3 (6)
Cataracts 14 (29)
Fracturesa 8 (17)
Malignant neoplasmsb 7 (15)
Myocardial infarction 3 (6)
Basal ganglia calcification 1 (2)
Seizures 2 (4)
Ectopic (vessel/soft tissue/valve) calcifications 8 (17)
Nephrolithiasis 7 (15)
Nephrocalcinosis 1 (2)

Abbreviations: BMI, body mass index.
aIncludes rib (n = 2), humerus (n = 2), femur (n = 1), vertebra (n = 1), metatarsal 
(n = 1).
bIncludes breast cancer (n = 4), duodenal leiomyosarcoma (n = 1), typical 
pulmonary carcinoid (n = 1), metastatic poorly differentiated squamous cell 
carcinoma of unknown primary (n = 1).
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To explore the potential role of residual parathyroid func
tion on FGF23, we stratified patients according to PTH levels 
using a threshold of 12 pg/mL, the lower limit of the normal 
reference range in our laboratory. In the PTH-based stratifica
tion (<12 vs ≥ 12 pg/mL), FGF23 levels did not differ signifi
cantly (166.9 ± 90.3 vs 141.6 ± 96.7 pg/mL, P = .371). 
However, patients with higher PTH had lower phosphorus 
(4.2 ± 0.6 vs 4.7 ± 0.8 mg/dL, P = .029), lower CaP product 
(34.9 ± 5.6 vs 40.2 ± 5.9 mg²/dL², P = .004), and lower urin
ary calcium excretion and fractional excretion of calcium 
(P = .045 and P = .007, respectively). They also had shorter 
disease duration and higher body mass index 
(Supplementary Table 8) [21].

When stratified by the median value of mean CaP product 
(38.4 mg²/dL²), patients in the high mean CaP group had 
longer disease duration (19.6 ± 12.8 vs 10.0 ± 9.5 years, 
P = .006), higher serum phosphate (5.0 ± 0.7 vs 4.0 ±  
0.6 mg/dL, P < .001), and higher intact FGF23 (187.0 ±  
111.2 vs 128.9 ± 57.5 pg/mL, P = .028), with similar calcium 
levels. Urinary phosphate excretion was lower in this group, 
and TmPO₄/GFR was significantly higher (4.4 ± 0.7 vs 3.7 ±  
0.7, P = .001) (Supplementary Table 9) [21]. When stratified 
by CaP tertiles, a clear inverse correlation between FGF23 
and TmPO₄/GFR was observed only in the highest tertile 
(R² = 0.268) (Supplementary Table 10, Fig. 1) [21].

Finally, in multivariate linear regression, only mean CaP 
product (β = 7.99, P = .004) and female sex (β = 88.76, P  
= .032) were independently associated with intact FGF23 con
centrations. Other variables, including mean PTH, 
1,25(OH)₂D, magnesium, eGFR, and disease duration, were 

not significant predictors. The overall model showed good 
statistical fit (likelihood ratio chi-square = 22.519, P = .002) 
(Table 4, Fig. 2).

In the small subgroup of 4 patients treated with teriparatide, 
eGFR values appeared higher (73.8 vs 53.0 mL/min/1.73 m²) 
and intact FGF-23 levels lower (83.5 vs 165 pg/mL) compared 
with patients on conventional therapy, while serum phosphate 
(4.4 vs 4.6 mg/dL) and TmPO₄/eGFR (4.0 vs 4.0 mg/dL) were 
similar between groups, although the small sample size limits fur
ther interpretation (Supplementary Table 11, Supplementary 
Figs. 2-3) [21].

Discussion
In this cohort of 48 patients with chronic hypoparathyroid
ism, we observed that over 70% presented elevated intact 
FGF23 levels, despite apparently adequate biochemical con
trol of serum calcium, phosphate, and CaP product. This dis
crepancy suggests that standard biochemical indices may not 
fully capture the complexity of phosphate homeostasis in 
hypoparathyroidism and that FGF23 could serve as a more 
sensitive marker of mineral imbalance. These findings are con
sistent with prior small studies reporting elevated FGF23 lev
els in hypoparathyroid individuals [15-19], although our 
study is among the largest to date and includes centralized 
FGF23 measurement.

Elevated FGF23 levels were independently associated with 
CaP product and female sex. The link between CaP product 
and FGF23 supports the hypothesis that phosphate burden, 
rather than absolute phosphate levels alone, may chronically 

Table 2. Biochemistries in the study cohort (n = 48)

PTH (pg/mL) 10.9 ± 10.3 Serum albumin (g/dL) 4.2 ± 0.3
Mean PTH 11.6 ± 8.6 TSH (μU/mL) 4.5 ± 9.5
Serum calcium (mg/dL) 8.7 ± 0.8 fT4 (ng/dL) 10.1 ± 4.9
Mean serum calcium (mg/dL) 8.6 ± 0.8 Serum creatinine (mg/dL) 1.0 ± 0.4
Serum phosphate (mg/dL) 4.6 ± 0.8 Mean serum creatinine (mg/dL) 1.0 ± 0.3
Mean serum phosphate (mg/dL) 4.5 ± 0.8 eGFR (mL/min) 54.5 ± 18.6
Serum magnesium (mg/dL) 1.9 ± 0.2 Mean eGFR (mL/min) 55.6 ± 17.5
Mean serum magnesium (mg/dL) 1.9 ± 0.2 CaP product (mg2/dL2) 39.2 ± 6.8
Urinary calcium (mg/24 hours) 173.2 ± 129.2 Mean CaP product 38.3 ± 6.3
Mean urinary calcium (mg/24 hours) 187.2 ± 128.1 Ionized calcium (mmol/L) 1.1 ± 0.1
Urinary phosphate (g/24 hours) 0.5 ± 0.3 Intact FGF23 (pg/mL) 157.9 ± 92.4
Mean urinary phosphate (g/24 hours) 0.6 ± 0.4 C-terminal FGF23 (pg/mL) 30.8 ± 36.1
25OH vitamin D (ng/mL) 29.7 ± 12.3 FE Ca (%) 1.9 ± 1.1
Mean 25OH vitamin D (ng/mL) 29.3 ± 11.5 FE PO4 (%) 10.8 ± 6.4
1,25(OH)2D (pg/mL) 33.8 ± 15.8 TRP (%) 89.1 ± 6.5
Mean 1,25(OH)2D (pg/mL) 34.9 ± 14.1 TmPO₄/GFR (mg/dL) 4.0 ± 0.8
CTX (ng/mL) 0.163 ± 0.189 (n = 34)
Mean CTX (ng/mL) 0.203 ± 0.163 

(n = 34)
BAP (mcg/L) 12.1 ± 4.6 

(n = 36)
Mean BAP (U/L) 12.9 ± 4.5 

(n = 36)

Mean laboratory parameters are simple averages calculated from all biochemical values from the first available assessment up to the index date.
Abbreviations: 1,25 (OH)2D, 1,25-dihydroxyvitamin D; BAP, bone alkaline phosphatase; CaP, calcium phosphate; CTX, C-terminal telopeptide; eGFR, estimated 
glomerular filtration rate; FE Ca (%), fractional excretion of calcium; FE PO4 (%), fractional excretion of phosphate; FGF23, fibroblast growth factor 23; fT4, free T4; 
GFR, glomerular filtration rate; TmPO₄, maximum rate of renal tubular reabsorption of phosphate; TRP (%), fractional tubular resorption of phosphate.

4                                                                                                                                     Journal of the Endocrine Society, 2026, Vol. 10, No. 2



stimulate FGF23 secretion. This is particularly relevant in 
hypoparathyroidism, where even modest elevations in phos
phate may persist over time due to the absence of 
PTH-mediated phosphaturia. Interestingly, the CaP product 
in our cohort was generally below the 55 mg²/dL² threshold 
associated with ectopic calcification, suggesting that pro
longed exposure to lower but still elevated phosphate load 
may drive FGF23 elevation. The role of sex in modulating 
FGF23 remains not fully understood, but higher levels in 
women have been reported in previous studies [22, 23] and 
may relate to differences in bone-renal axis signaling or estro
genic modulation of osteocytic function.

Despite its elevation, FGF23 appeared largely ineffective in 
promoting phosphate excretion. This was evident from the 

high TmPO₄/GFR values observed in patients with high 
FGF23, suggesting a form of renal resistance. The paradoxical 
finding of increased phosphate reabsorption in the context of 
elevated FGF23 implies that the phosphaturic effect of 
FGF23 is impaired when PTH is deficient. This is supported 
by prior clinical and experimental studies showing that 
FGF23 requires functional PTH signaling to exert a full effect 
on phosphate transporters, particularly NaPi-IIa via NHERF- 
1–dependent pathways [24, 25]. A recent clinical study com
paring hypoparathyroid patients treated with recombinant 
PTH(1-34) and a patient with hyperphosphatemic familial tu
moral calcinosis confirmed that PTH and FGF23 act synergis
tically to regulate renal phosphate reabsorption [16]. In our 
study, the physiologic inverse correlation between FGF23 

Table 3. Clinical and biochemical parameters by FGF23 subgroup

Parameter Intact FGF23 < 50° (mean ± SD) 
n = 24

Intact FGF23 > 50° (mean ± SD) 
n = 24

P-value

Women, n (%) 19 (79) 22 (92) 0.413
BMI (kg/m²) 30.3 ± 5.1 29.6 ± 8.8 0.714
Disease duration (years) 9.6 ± 8.5 19.6 ± 13.1 0.004
C-terminal FGF23 (pg/mL) 24.4 ± 30.0 37.3 ± 41.0 0.242
PTH (pg/mL) 14.1 ± 10.9 8.0 ± 9.0 0.054
Mean PTH (pg/mL) 14.6 ± 8.0 8.7 ± 8.3 .030
Serum calcium (mg/dL) 8.5 ± 0.6 8.8 ± 1.0 .157
Mean serum calcium (mg/dL) 8.4 ± 0.6 8.8 ± 0.9 .098
Serum phosphate (mg/dL) 4.4 ± 0.7 4.7 ± 0.9 .148
Mean serum phosphate (mg/dL) 4.4 ± 0.7 4.7 ± 0.8 .159
Serum magnesium (mg/dL) 1.9 ± 0.1 1.9 ± 0.1 1.000
Mean serum magnesium (mg/dL) 1.9 ± 0.1 1.9 ± 0.2 .766
25OH vitamin D (ng/mL) 28.6 ± 11.9 30.7 ± 12.8 .564
Mean 25OH vitamin D (ng/mL) 28.6 ± 11.2 29.9 ± 11.9 .700
1,25(OH)2D (pg/mL) 38.0 ± 16.6 29.4 ± 13.9 .075
Mean 1,25(OH)2D (pg/mL) 39.8 ± 13.7 30.0 ± 13.0 .016
Mean CTX (ng/mL) 0.181 ± 0.104 0.223 ± 0.203 .465
Mean BAP (mcg/L) 14.6 ± 4.4 11.4 ± 4.1 .032
Serum creatinine (mg/dL) 0.9 ± 0.2 1.1 ± 0.5 .027
Mean serum creatinine (mg/dL) 0.9 ± 0.2 1.1 ± 0.4 .032
eGFR (mL/min/1.73m²) 61.4 ± 16.9 47.5 ± 17.8 .008
Mean eGFR (mL/min/1.73m²) 61.5 ± 16.0 49.6 ± 17.3 .017
CaP product (mg²/dL²) 37.2 ± 6.0 41.3 ± 7.1 .036
Mean CaP product (mg²/dL²) 36.1 ± 6.1 40.5 ± 5.8 .014
Mean urinary calcium (mg/24 hours) 158.7 ± 102.7 214.5 ± 145.5 .146
Mean urinary phosphate (g/24 hours) 0.7 ± 0.5 0.5 ± 0.3 .190
Urinary creatinine concentration (mg/dL) 120.1 ± 73.2 53.0 ± 28.5 <.001
Urinary phosphate concentration (mg/dL) 52.2 ± 29.2 25.1 ± 17.3 <.001
Diuresis (mL/24 hours) 1411 ± 588 1974 ± 689 .070
FE Ca (%) 1.3 ± 0.7 2.4 ± 1.2 .001
FE PO4 (%) 9.8 ± 4.1 11.7 ± 7.9 .321
TRP (%) 89.6 ± 4.3 88.5 ± 8.6 .648
TmPO₄/GFR (mg/dL) 3.9 ± 0.6 4.2 ± 1.0 .227

Median intact FGF23 levels were 137.8 pg/mL, normal range 23.2 to 95.4 pg/mL. Mean laboratory parameters are simple averages calculated from all biochemical values 
from the first available assessment up to the index date.
Abbreviations: 1,25(OH)2D, 1,25-dihydroxy vitamin D; BAP, bone alkaline phosphatase; BMI, body mass index; CaP, calcium phosphate; CTX, C-terminal 
telopeptide; eGFR, estimated glomerular filtration rate; FE Ca (%), fractional excretion of calcium; FE PO4 (%), fractional excretion of phosphate; FGF23, fibroblast 
growth factor 23; GFR, glomerular filtration rate; TmPO₄, maximum rate of renal tubular reabsorption of phosphate; TRP (%), fractional tubular resorption of phosphate.
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and TmPO₄/GFR reemerged only in the highest CaP product 
tertile, suggesting a dose-response threshold beyond which 
FGF23 may regain partial effect, albeit it was insufficient to re
store phosphate balance. A recent multicenter study by Di 
Filippo et al [26] reported impaired renal function (eGFR 
<60 mL/min/1.73 m2) in 22% of patients with chronic hypo
parathyroidism, with obesity as the only independent predict
or of chronic kidney disease, and an attenuated FGF23 
response. In line with these findings, we observed elevated 
FGF23 despite an absent phosphate-wasting effect, consistent 
with resistance to its phosphaturic action. While Di Filippo 
et al concentrated on renal outcomes, our study focuses on 
FGF23 dysregulation and its relationship with the CaP prod
uct, highlighting how PTH deficiency affects both its produc
tion and its effectiveness.

A further observation from our study is that patients with 
higher FGF23 had lower 1,25(OH)₂D levels despite similar 
calcitriol doses, suggesting increased vitamin D catabolism 
and potentially explaining the heterogeneous responses to cal
citriol therapy in chronic hypoparathyroidism and 

highlighting the potential clinical utility of assessing FGF23 
when managing calcitriol replacement (Supplementary 
Fig. 4) [21].

Elevated FGF23 was also associated with fewer fragility 
fractures and a higher prevalence of malignancies, although 
these findings should be interpreted with caution. The fracture 
finding contrasts with previous studies in chronic kidney dis
ease and elderly populations, where higher FGF23 levels 
were linked to increased fracture risk [27-29], and in our co
hort, the inverse association may reflect, at least in part, pre
served osteocytic activity. The higher prevalence of 
malignancies may be due to chance, though some evidence 
links FGF23 to cancer progression, particularly in prostate 
cancer [30]. In recent years, the link between hypoparathyr
oidism and cardiovascular disease has received more atten
tion, with data showing increased cardiovascular risk in 
women with chronic hypoparathyroidism [12] and a newly 
published study linking PTH with platelet function [31]. In 
our cohort, we observed a trend toward a higher prevalence 
of ischemic cardiovascular disease in patients with elevated 
FGF23, consistent with large-cohort studies associating 
FGF23 with cardiovascular morbidity and mortality [4, 5, 8, 
32, 33]. The contribution of FGF23 excess to these important 
clinical outcomes in hypoparathyroidism remains speculative 
but deserves attention in future prospective studies.

This study has several strengths. Notably, this represents 
the largest single-center cohort with centralized intact 
FGF23 measurements in chronic hypoparathyroidism to 
date. The biochemical and clinical data were comprehensive, 
including long-term follow-up, which enabled a thorough de
scription of the biochemical impact of FGF23 in chronic hypo
parathyroidism. However, several limitations must be 
acknowledged. First, the cross-sectional nature of FGF23 
measurement precludes causal inference. Moreover, retro
spective data on complications were extracted from clinical re
cords and may underestimate true prevalence, and patients 
were enrolled from a relatively small cohort of patients man
aged over a long time period, during which treatment strat
egies evolved. The absence of a control group limits the 
interpretation of whether elevated FGF23 is specific to hypo
parathyroidism or more broadly reflective of altered kidney 

Figure 1. Phosphate-wasting capacity of FGF23 in chronic hypoparathyroidism by tertiles of CaP product. Patients were classified into tertiles based on 
CaP product concentrations. From right to left: first and second tertile of CaP product correlated very weakly with TmPO4/GFR suggesting complete 
FGF23 kidney resistance, whereas the same association was stronger in the highest tertile, suggesting a dose-dependent FGF-23 sensitivity when CaP 
product significantly increases. This mechanism, however, appears ineffective in inducing clinically significant phosphate excretion. 
Abbreviations: CaP, calcium phosphate; FGF23, fibroblast growth factor 23.

Table 4. Multivariate linear regression analysis

Dependent variable: intact FGF23

Variable β ± SE P-value 95% confidence interval

Lower bound Upper bound

Intercept −326.4 ± 178.7 .068 −676.6 23.80
Mean CaP product 7.99 ± 2.73 .004 2.53 13.24
Mean PTH −0.23 ± 1.42 .870 −3.01 2.55
Mean 1,25(OH)2D 0.84 ± 1.08 .434 −1.27 2.96
eGFR −1.09 ± 0.79 .164 −2.63 0.45
Mean mg 96.29 ± 72.08 .182 −44.98 237.56
Female sex 88.76 ± 41.38 .032 7.66 169.86
Disease duration 1.22 ± 1.00 .224 −0.74 3.17

Model significance: likelihood ratio chi-square = 22.519; P-value = .002.
Abbreviations: 1,25(OH)2D, 1,25-dihydroxy vitamin D; CaP, calcium 
phosphate; eGFR, estimated glomerular filtration rate; FGF23, fibroblast growth 
factor 23.
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function or aging. Finally, the lack of longitudinal FGF23 
measurement and data on additional vitamin D metabolites 
limited insight into incident complications and underlying 
pathophysiological mechanisms.

In conclusion, our findings suggest that FGF23 is frequently 
elevated in chronic hypoparathyroidism and may reflect a 
maladaptive response to chronic phosphate load in the ab
sence of PTH. FGF23 elevation appears ineffective in promot
ing phosphate excretion, possibly due to renal resistance, and 
is associated with lower levels of 1,25(OH)₂D. These data sup
port the potential role of FGF23 as a biomarker of altered 
phosphate handling and raise the hypothesis that its persistent 
elevation may contribute to some complications over time. 
Future prospective studies are needed to determine whether 
interventions that reduce CaP product, such as dietary phos
phate restriction, phosphate binders, or PTH analogues, 
may also lower FGF23 and possibly improve clinical out
comes in this population.
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