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Data Extraction and Outcomes
The primary outcome for all comparisons was the incidence of post-
operative symptomatic hypocalcemia, as defined above. This uni-
fied endpoint was chosen a priori to minimize heterogeneity and 
to reflect the patient-centered clinical significance of hypocalcemia. 
Secondary outcomes included, where reported: the need for intrave-
nous calcium rescue due to severe or persistent symptoms, and the 
incidence of permanent hypocalcemia (typically defined as requir-
ing supplementation beyond 6 or 12 months postoperatively). Study 
characteristics, patient demographics, interventions (type, dose, 
duration), and outcome events were independently extracted by 2 
authors using a standard form.

The quality of each individual study was assessed with the updated 
Cochrane Risk of Bias tool for randomized trials (RoB 2).7 The overall 
strength of evidence for all major outcomes will be assessed using 
the GRADE approach.8

Statistical Analysis

Data Extraction and Risk of Bias Assessment: Independently 
conducted by 2 examiners using a pre-established format to 
extract study characteristics, patient demographics, details of 
the interventions, including type, dose, and duration, as well as 
outcomes (event numbers for symptomatic hypocalcemia, etc.). 
Discrepancies were resolved by discussion or with a third 
reviewer.

The Cochrane RoB 2.0 was used in RevMan 5.4 to examine each 
included study for bias across 5 domains: randomization procedure, 
deviation from intended interventions, missing outcome data, out-
come measurement, and selective reporting. Results are presented 
in both summary and graphical form.

To assess the robustness of the pooled estimates, sensitivity analyses 
were performed for all primary comparisons using the leave-one-
out method to examine the influence of individual studies on the 
pooled effect size and heterogeneity. Publication bias was assessed 
using funnel plots; however, as each comparison included fewer 
than 10 studies, formal tests for funnel plot asymmetry were not per-
formed in accordance with Cochrane Handbook recommendations, 
and only exploratory funnel plots were generated for reference.

Statistical Synthesis Methods: Effect Measures and Model: All 
analyses were conducted in Stata 17.0 for dichotomous outcomes, 
and the odds ratio with 95% CI was used as the effect measure. The 
random-effects model is used in the main data synthesis because of 
clinical heterogeneity. All analyses were conducted in Stata 17.0 for 
dichotomous outcomes, and the odds ratio with 95% CI was used as 
the effect measure. A random-effects model was used in the main 
data synthesis due to clinical heterogeneity.

Heterogeneity Assessment: The statistical heterogeneity of the stud-
ies was assessed using the Cochrane’s Q test (�  = 0.10) and I2 statistics. 
The I2 value quantifies the amount of variation.

Figure 1.  PRISMA flow diagram of the study selection process.
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Results

Search Results
The systematic search of the electronic databases initially returned 
10 582 records. Therefore, 10 studies met all the inclusion criteria 
and were ultimately included in the final quantitative synthesis. The 
detailed process of study selection is shown in the PRISMA flow dia-
gram (Figure 1). Risk of bias assessment of the 10 included studies is 
shown in Figures 2 and 3.

Characteristics of Included Studies
This analysis included 10 studies (2002-2024, Table 1) with 1996 
patients. The population was predominantly female with mixed 
benign/malignant disease. Studies compared 4 strategies: oral cal-
cium, oral calcium + vitamin D, their direct comparison, and IV calcium 
vs. control. The primary endpoint was symptomatic hypocalcemia.

Results of Meta-Analysis

Comparison 1: Oral Calcium Supplementation versus Control: Three 
RCTs were included in this comparison. Interventions: Bellantone9 
administered oral calcium 3 g/day from postoperative day 1; Roh10 
gave oral calcium (Korea United Pharmaceutical Co.; calcium salt not 
specified) 3 g/day from the night of surgery for 14 days; Ravikumar6 
provided calcium carbonate (elemental calcium 2000 mg/day) 
starting 6 hours postoperatively. All control groups received no 
routine supplementation.

Pooled analysis using a random-effects model showed that routine 
oral calcium reduced the odds of symptomatic hypocalcemia by 59%, 
but the result was not statistically significant (OR = 0.41, 95% CI 0.16-
1.07; Figure 4A), with moderate heterogeneity (I2 = 52.7%). Sensitivity 
analysis (Figure 4B) revealed that after excluding Ravikumar et al., the 
pooled effect became significant, indicating that this study attenuated 
the overall significance. Formal testing for funnel plot asymmetry was 
not possible because fewer than 10 studies were available for analysis; 
an exploratory funnel plot (Figure 4C) showed approximate symmetry.

Comparison 2: Oral Calcium Plus Vitamin D Supplementation vs. 
Control: Five RCTs were included in this comparison. Bellantone9 
administered oral calcium 3 g/day from postoperative day 1 (calcium 
salt not specified); both Roh10 and Roh11 employed oral calcium at 3 
g/day in 3 divided doses. Ravikumar6 provided calcium carbonate 
(elemental calcium 2000 mg/day) starting 6 hours postoperatively. 
Jaan12 gave calcium carbonate at an elemental calcium dose of 2000 
mg/day in 4 divided doses. All control groups received no routine 
supplementation.

Pooled analysis using a random-effects model demonstrated that 
oral calcium plus vitamin D significantly reduced the risk of symp-
tomatic hypocalcemia compared with control (OR = 0.16, 95% CI 0.09-
0.32), with no heterogeneity (I2 = 0%, P = .883; Figure 5A). Sensitivity 
analysis (Figure 5B) using the leave-one-out method showed that 
the pooled effect remained statistically significant after excluding 
any single study, indicating robust findings. Formal testing for funnel 
plot asymmetry was not possible because fewer than 10 studies were 
available for analysis; an exploratory funnel plot (Figure 5C) showed 
approximate symmetry.

Comparison 3: Combined Oral Calcium and Vitamin D vs. Calcium 
Alone: Four RCTs were included in this comparison. Bellantone9 
administered oral calcium 3 g/day from postoperative day 1 (calcium 

salt not specified); Roh10 employed oral calcium at 3 g/day in 3 
divided doses. Ravikumar6 provided calcium carbonate (elemental 
calcium 2000 mg/day) starting 6 hours postoperatively. Tartaglia13 
used calcium salts (dose not specified) 3 times daily.

Random-effects meta-analysis demonstrated that the addition of 
active vitamin D (calcitriol or alfacalcidol at doses of 1-2 µg/day for 
5-14 days) to oral calcium significantly reduced the risk of symp-
tomatic hypocalcemia compared with calcium alone (OR = 0.35, 
95% CI 0.15-0.83), with no evidence of heterogeneity across studies 
(I2 = 18.6%, P = .298; Figure 6A). Sensitivity analysis (Figure 6B) using 
the leave-one-out method showed that the pooled effect remained 
statistically significant after excluding any single study, indicating 

Figure 2.  Risk of bias summary: authors’ judgments about each 
risk of bias item for each included study.
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robust findings. Formal testing for funnel plot asymmetry was not 
possible because fewer than 10 studies were available for analysis; an 
exploratory funnel plot (Figure 6C) showed approximate symmetry.

Comparison 4: Intravenous Calcium Infusion vs. Control: Four studies 
were included in this comparison. Uruno14 administered a single 
intravenous calcium infusion of 78-156 mg at 3-8 hours 
postoperatively; Cheng15 gave intravenous calcium gluconate 6 g/
day immediately after surgery, continuing for 3-5 days based on PTH 
levels; Lin16 used the same regimen of intravenous calcium gluconate 
6 g/day for 3-5 days; Khoo17 provided a single intravenous calcium 
gluconate 1 g infusion within 4 hours postoperatively. All 4 studies 
employed early postoperative prophylactic intravenous calcium 
supplementation, although the timing and duration varied across 
studies.

Pooled analysis using a random-effects model demonstrated that 
prophylactic intravenous calcium infusion significantly reduced the 
risk of symptomatic hypocalcemia compared with control (OR = 0.23, 
95% CI 0.12-0.44), with no heterogeneity (I2 = 0%, P = .998; Figure 7A). 
Sensitivity analysis (Figure 7B) using the leave-one-out method 
showed that the pooled effect remained statistically significant after 
excluding any single study, indicating robust findings. Formal funnel 
plot asymmetry testing was not performed due to the small num-
ber of studies (<10); an exploratory funnel plot (Figure 7C) showed 
approximate symmetry.

Discussion

The present systematic review and meta-analysis aimed to sum-
marize and compare the efficacy of various postoperative calcium 
strategies for reducing the risk of symptomatic hypocalcemia after 
thyroidectomy. The primary findings confirm that prophylactic intra-
venous calcium infusion and combined oral calcium with vitamin D 
significantly reduce the risk of symptomatic hypocalcemia, while oral 
calcium alone also demonstrates a protective effect.

Principal Findings and Comparison with Existing Literature
The observation that routine oral calcium supplementation reduces 
the risk of symptomatic hypocalcemia (OR = 0.41) aligns with the 
established pathophysiological understanding that post-thyroidec-
tomy hypocalcemia primarily results from transient parathyroid insuf-
ficiency, necessitating exogenous calcium to maintain homeostasis. 
The findings are consistent in direction with earlier meta-analyses, 

such as that by Xing et al,4 which reported a similar protective effect. 
Although moderate heterogeneity was observed in this comparison 
(I2 = 52.7%), the effect size consistently favored oral calcium across all 
included studies, suggesting that its benefit remains relatively con-
sistent across different patient populations and surgical contexts.

The superior efficacy of adding vitamin D to oral calcium (OR 0.35 
vs. calcium alone) is a pivotal finding of this review. This significant 
enhancement in protection aligns with the pharmacological rationale 
that vitamin D (particularly its active metabolite, calcitriol) is essential 
for efficient intestinal calcium absorption. In the acute postoperative 
setting, where parathyroid hormone (PTH)—the primary regulator 
of calcitriol synthesis—is often suppressed, exogenous vitamin D 
can bypass this step, facilitating more effective utilization of supple-
mented calcium.2 This mechanistic explanation is supported by the 
strong, statistically significant effect observed despite varying doses 
and types of vitamin D used across the included studies.

The analysis indicates that prophylactic intravenous calcium infusion 
is the most effective single intervention, with a substantial 77% reduc-
tion in the odds of symptomatic hypocalcemia (OR 0.23). This result 
is both statistically robust and homogeneous (I2 = 0.0%). This finding 
is not surprising from a pharmacokinetic perspective, as intravenous 
administration ensures immediate and complete bioavailability, 
rapidly correcting the extracellular calcium deficit before symptoms 
can manifest. This is particularly critical during the first 24-48 hours 
postoperatively, when serum calcium typically reaches its nadir. The 
landmark study by Uruno et al,14 which heavily weighted the analy-
sis, was among the first to robustly demonstrate this benefit, and the 
synthesis confirms and generalizes its conclusion.

The clear efficacy hierarchy (Intravenous > Calcium + Vitamin D > 
Calcium alone) demonstrated in the head-to-head comparisons 
provides a valuable evidence-based framework for clinicians.18-19 It 
moves beyond the simple question of whether to supplement to 
guide how to supplement based on an individual patient's risk profile 
and the clinical setting.

Clinical Implications and Potential Mechanisms
The results support a risk-stratified approach to post-thyroidectomy 
calcium management. For patients undergoing standard total thyroid-
ectomy deemed at low risk for hypocalcemia (e.g., with well-preserved 
and well-vascularized parathyroid glands observed during surgery), 
selective calcium supplementation or observation alone may be 

Figure 3.  Risk of bias graph: review authors’ judgments about each risk of bias item presented as percentages across all included 
studies.
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Figure 4.  (A) Forest plot of oral calcium versus control; (B) sensitivity analysis; (C) funnel plot.

Figure 5.  (A) Forest plot of oral calcium plus vitamin D versus control; (B) sensitivity analysis; (C) funnel plot.
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considered rather than routine administration.20 In centers with a low 
baseline incidence of postoperative hypocalcemia, unselected routine 
calcium supplementation in low-risk patients may lead to unneces-
sary calcium loading. Therefore, clinical decisions should be guided 
by individual risk assessment to avoid overtreatment. For higher-risk 
patients, such as those undergoing central compartment neck dissec-
tion, undergoing reoperative surgery, or with preoperative vitamin D 
deficiency, the data strongly support the use of combined oral calcium 
and vitamin D prophylaxis.21 This regimen offers significantly better 
protection than calcium alone, potentially preventing the morbidity 
and resource utilization associated with symptomatic hypocalcemia.

The exceptional efficacy of intravenous calcium suggests it is par-
ticularly suited to selected scenarios. These may include patients 
undergoing extensive surgery (e.g., for advanced cancer), those with 
intraoperative evidence of significant parathyroid compromise, or in 
protocols designed to facilitate safe and very early (e.g., same-day 
or next-day) discharge. By virtually eliminating early symptomatic 
episodes, IV prophylaxis can enhance patient safety, streamline post-
operative monitoring, and improve overall healthcare efficiency, 
despite its more invasive nature and higher direct costs. The study by 
Khoo et al,17 a recent double-blind RCT, contributes to this evidence 
by evaluating a prophylactic infusion protocol in a contemporary 

setting, though its wide confidence interval highlights the need for 
further, larger studies to refine protocols.22

An important consideration is the potential difference in the mecha-
nism of action between oral and intravenous routes. In contrast, a 
prophylactic intravenous infusion provides a pharmacological “over-
ride,” directly maintaining serum calcium levels independent of para-
thyroid and gastrointestinal function. This key distinction accounts 
for differences in effect size and can serve as a criterion for inter-
ventions, depending on the duration and severity of parathyroid 
insufficiency.

It is worth noting that in experienced high-volume surgical centers, 
the baseline incidence of transient hypocalcemia is relatively low. 
In such settings, unselected routine calcium supplementation in all 
patients may lead to unnecessary calcium loading, increase patient 
medication burden and potential risks, and result in waste of health-
care resources. Therefore, the importance of a risk-stratified approach 
is emphasized: for low-risk patients (e.g., those with well-preserved 
parathyroid glands and no lymph node dissection), selective calcium 
supplementation or observation alone may be considered; while for 
high-risk patients, more potent prophylactic regimens should be 
employed. This individualized strategy can effectively prevent symp-
tomatic hypocalcemia while avoiding overtreatment.

Figure 6.  (A) Forest plot of oral calcium plus vitamin D versus oral calcium alone; (B) sensitivity analysis; (C) funnel plot.
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Limitations of the Evidence
While this meta-analysis strengthens the evidence base, several limi-
tations inherent to the included studies must be acknowledged to 
appropriately contextualize the findings. First, this systematic review 
has inherent methodological limitations. Most notably, it was not pro-
spectively registered in an international database such as PROSPERO, 
nor was the protocol published a priori. Although strict adherence to 
the PRISMA guidelines was maintained and methodological details 
were comprehensively reported throughout the review process, the 
absence of prospective registration may introduce selective report-
ing bias and, to some extent, compromise the transparency and 
credibility of the findings. Additionally, some included studies had 
potential biases related to blinding and selective outcome reporting, 
which may affect the robustness of the pooled estimates. Variations 
in treatment duration and follow-up periods were also observed 
across studies, potentially introducing clinical heterogeneity. Most 
studies did not report baseline 25-hydroxyvitamin D levels, a known 
major risk factor for postoperative hypocalcemia, and the absence 
of this data may affect accurate attribution of treatment effects. 
Therefore, readers should consider these limitations when interpret-
ing the conclusions of this study.

Second, there was variability in the definitions of “symptomatic 
hypocalcemia” and the thresholds for intervention across trials. 
Although outcomes were strictly selected based on patient-centered 

symptoms to reduce clinical heterogeneity, differences in clinical 
assessment and documentation remain a potential source of bias.

Third, assessing long-term outcomes, particularly permanent hypo-
calcemia, was not feasible as a primary outcome in this review due 
to inconsistent reporting and shorter follow-up periods in most stud-
ies focused on acute prophylaxis. The pathophysiological mecha-
nisms governing permanent hypoparathyroidism are distinct from 
transient hypocalcemia, and the ability of short-term periopera-
tive supplementation to influence this long-term outcome remains 
uncertain and is an important area for future research.

Finally, as with all surgical meta-analyses, the results may be influ-
enced by variations in surgical technique (e.g., use of energy devices, 
parathyroid gland identification and preservation strategies) and 
surgeon experience, which are difficult to quantify and standardize 
across studies.

Future Research Directions
Based on the current findings and limitations, several avenues for 
future research are clear:

Risk-Stratified RCTs: There is a need for well-designed RCTs that allo-
cate different prophylaxis strategies (e.g., oral calcium vs. calcium + D 
vs. short IV course) based on preoperative or immediate postopera-
tive risk assessments, such as PTH levels, vitamin D status, or surgical 
complexity scores.

Figure 7.  (A) Forest plot of intravenous calcium infusion versus control; (B) sensitivity analysis; (C) funnel plot.
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Optimization of Intravenous Protocols: Further studies are warranted 
to define the optimal dosing, timing, and duration of prophylactic 
intravenous calcium infusions. Comparing fixed-dose regimens with 
PTH-guided protocols would be particularly valuable.

Economic Evaluations: Formal cost-effectiveness analyses comparing 
these strategies are lacking. Future research should integrate clinical 
efficacy data with cost and quality-of-life measures to determine the 
most efficient allocation of healthcare resources.

Long-Term Outcomes: Prospective studies with extended follow-up 
are needed to determine if aggressive early prophylaxis with vitamin 
D or IV calcium influences the rate of recovery of parathyroid func-
tion or the incidence of permanent hypoparathyroidism.
Conclusion

This meta-analysis confirms that short-term prophylactic calcium 
supplementation effectively reduces the risk of transient symp-
tomatic hypocalcemia after thyroidectomy and establishes a clear 
efficacy hierarchy: intravenous calcium is most effective, followed 
by oral calcium combined with vitamin D (calcitriol or alfacalcidol), 
while oral calcium alone confers a measurable but comparatively 
modest benefit. The addition of vitamin D significantly enhances 
the protective effect of oral calcium. Although dosages (elemental 
calcium 1000-3000 mg/day) and treatment duration varied across 
studies, the available evidence supports a risk-stratified, individual-
ized approach to prophylaxis rather than a one-size-fits-all or purely 
reactive strategy.
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Supplementary Table 1.  Search Strategy
CNKI
SU=('thyroidectomy' OR 'total thyroidectomy' OR 'post-thyroidectomy') AND SU=('calcium supplementation' OR 'calcium' OR 
'vitamin D' OR 'cholecalciferol' OR 'calcitriol' OR 'alfacalcidol' OR 'parathyroid hormone' OR 'teriparatide' OR 'prophylaxis') AND 
SU=('hypocalcemia' OR 'hypocalcaemia' OR 'postoperative hypocalcemia' OR 'symptomatic hypocalcemia') AND 
SU=('randomized controlled trial' OR 'controlled clinical trial' OR 'clinical trial' OR 'randomized' OR 'RCT' OR 'comparative study')
Pubmed
(“Thyroidectomy”[Mesh] OR “total thyroidectomy”[tiab] OR “post-thyroidectomy”[tiab]) AND (“Calcium, Dietary”[Mesh] OR 
“Vitamin D”[Mesh] OR “Calcitriol”[Mesh] OR “Teriparatide”[Mesh] OR “calcium supplementation”[tiab] OR “cholecalciferol”[tiab] 
OR “alfacalcidol”[tiab] OR “parathyroid hormone”[tiab]) AND (“Hypocalcemia”[Mesh] OR “hypocalcaemia”[tiab] OR 
“postoperative hypocalcemia”[tiab] OR “symptomatic hypocalcemia”[tiab]) AND (randomized controlled trial[pt] OR controlled 
clinical trial[pt] OR randomized[tiab] OR randomised[tiab] OR placebo[tiab] OR clinical trials as topic[Mesh:noexp] OR 
randomly[tiab] OR trial[ti])
Embase
(exp thyroidectomy/ or (total thyroidectomy or post-thyroidectomy).ti,ab,kw.) AND (exp calcium/ or exp vitamin D/ or exp 
calcitriol/ or exp teriparatide/ or (calcium supplementation or cholecalciferol or alfacalcidol or parathyroid hormone).ti,ab,kw.) 
AND (exp hypocalcemia/ or (hypocalcaemia or postoperative hypocalcemia or symptomatic hypocalcemia).ti,ab,kw.) AND 
(randomized controlled trial/ or randomization/ or controlled study/ or ‘clinical trial’.ti,ab,kw.)
Web of Science
TS=((thyroidectomy OR "total thyroidectomy" OR "post-thyroidectomy") AND ("calcium supplementation" OR calcium OR 
"vitamin D" OR cholecalciferol OR calcitriol OR alfacalcidol OR "parathyroid hormone" OR teriparatide) AND (hypocalcemia OR 
hypocalcaemia OR "postoperative hypocalcemia" OR "symptomatic hypocalcemia"))
TS=("randomized controlled trial" OR RCT OR "randomised controlled trial" OR randomized OR randomised OR "clinical trial" OR 
placebo)
Cochrane Library
#1 MeSH descriptor: [Thyroidectomy] this term only
#2 (“total thyroidectomy” OR “post-thyroidectomy” OR “thyroid surgery”):ti,ab,kw
#3 #1 OR #2
#4 MeSH descriptor: [Calcium, Dietary] this term only
#5 MeSH descriptor: [Vitamin D] this term only
#6 MeSH descriptor: [Calcitriol] this term only
#7 MeSH descriptor: [Teriparatide] this term only
#8 (“calcium supplementation” OR “calcium carbonate” OR “calcium gluconate” OR cholecalciferol OR ergocalciferol OR 
alfacalcidol OR “parathyroid hormone” OR “vitamin D3”):ti,ab,kw
#9 #4 OR #5 OR #6 OR #7 OR #8
#10 MeSH descriptor: [Hypocalcemia] this term only
#11 (hypocalcaemia OR “postoperative hypocalcemia” OR “symptomatic hypocalcemia”):ti,ab,kw
#12 #10 OR #11
#13 #3 AND #9 AND #12



Supplementary Table 2.  PRISMA 2020 checklist
TITLE ​
Title 1 Identify the report as a systematic review. Title Page
ABSTRACT ​
Abstract 2 See the PRISMA 2020 for Abstracts checklist. Abstract
INTRODUCTION ​
Rationale 3 Describe the rationale for the review in the context of existing knowledge. Introduction
Objectives 4 Provide an explicit statement of the objective(s) or question(s) the review 

addresses.
Introduction

METHODS ​
Eligibility criteria 5 Specify the inclusion and exclusion criteria for the review and how studies 

were grouped for the syntheses.
Methods 2.2

Information sources 6 Specify all databases, registers, websites, organisations, reference lists 
and other sources searched or consulted to identify studies. Specify the 
date when each source was last searched or consulted.

Methods 2.1

Search strategy 7 Present the full search strategies for all databases, registers and websites, 
including any filters and limits used.

Methods 2.1 & 
Supplementary Table 1

Selection process 8 Specify the methods used to decide whether a study met the inclusion 
criteria of the review, including how many reviewers screened each record 
and each report retrieved, whether they worked independently, and if 
applicable, details of automation tools used in the process.

Methods 2.2

Data collection 
process

9 Specify the methods used to collect data from reports, including how many 
reviewers collected data from each report, whether they worked 
independently, any processes for obtaining or confirming data from study 
investigators, and if applicable, details of automation tools used in the 
process.

Methods 2.2

Data items 10a List and define all outcomes for which data were sought. Specify whether 
all results that were compatible with each outcome domain in each study 
were sought (e.g. for all measures, time points, analyses), and if not, the 
methods used to decide which results to collect.

Methods 2.2

10b List and define all other variables for which data were sought (e.g. 
participant and intervention characteristics, funding sources). Describe 
any assumptions made about any missing or unclear information.

Methods 2.2

Study risk of bias 
assessment

11 Specify the methods used to assess risk of bias in the included studies, 
including details of the tool(s) used, how many reviewers assessed each 
study and whether they worked independently, and if applicable, details of 
automation tools used in the process.

Methods 2.2

Effect measures 12 Specify for each outcome the effect measure(s) (e.g. risk ratio, mean 
difference) used in the synthesis or presentation of results.

Methods 2.3

Synthesis methods 13a Describe the processes used to decide which studies were eligible for each 
synthesis (e.g. tabulating the study intervention characteristics and 
comparing against the planned groups for each synthesis (item #5)).

Methods 2.2

13b Describe any methods required to prepare the data for presentation or 
synthesis, such as handling of missing summary statistics, or data 
conversions.

Methods 2.3

13c Describe any methods used to tabulate or visually display results of 
individual studies and syntheses.

Methods 2.3.1 & 2.3.2

13d Describe any methods used to synthesize results and provide a rationale 
for the choice(s). If meta-analysis was performed, describe the model(s), 
method(s) to identify the presence and extent of statistical heterogeneity, 
and software package(s) used.

Methods 2.3

13e Describe any methods used to explore possible causes of heterogeneity 
among study results (e.g. subgroup analysis, meta-regression).

Methods 2.3

13f Describe any sensitivity analyses conducted to assess robustness of the 
synthesized results.

Methods 1.5

Reporting bias 
assessment

14 Describe any methods used to assess risk of bias due to missing results in a 
synthesis (arising from reporting biases).

Methods 2.3
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Tirzepatide and Vasopressin Deficiency

Yivli and Topaloğlu.

Effects of Tirzepatide Therapy on Arginine 
Vasopressin Deficiency: A Case with Reduced 
Desmopressin Requirement

ABSTRACT

Arginine vasopressin deficiency (AVP-D) is a rare endocrine disorder that causes polyuria and poly-
dipsia. The case of a 45-year-old woman with AVP-D who showed a marked reduction in urine out-
put and desmopressin requirement after starting tirzepatide for weight management is presented. 
Two weeks after she began therapy, the desmopressin dose was gradually lowered because she 
developed hyponatremia and her thirst improved. By the end of the first month, her desmopressin 
requirement was less than half the original dose. She also experienced significant weight loss, which 
matches the expected effects of tirzepatide. Experimental and clinical evidence suggests that GLP-1/
GIP receptor agonists may control vasopressin release and water–sodium balance through both 
hypothalamic and renal mechanisms. This case is the first reported instance of reduced desmopressin 
requirement in AVP-D associated with tirzepatide therapy. These findings highlight the potential for 
incretin therapy to modulate water balance and stress the need for further research on safety and 
physiology in this context.

Keywords: Arginine vasopressin deficiency, central diabetes insipidus, desmopressin, hyponatremia, 
tirzepatide

Introduction

Arginine vasopressin deficiency (AVP-D), formerly called central diabetes insipidus, is a rare 
endocrine disorder characterized by polyuria and polydipsia. The cause is vasopressin defi-
ciency within the hypothalamic–pituitary axis.1 Desmopressin is the standard treatment, 
but increasing the dose can lead to serious electrolyte issues, such as fluid retention and 
dilutional hyponatremia.2 Lately, glucagon-like peptide-1 receptor agonists (GLP-1 RAs) have 
been found to affect not just glycemic control, but also thirst, the fluid-electrolyte balance, 
and how the kidneys work.3 Nakhleh et al found that, in patients with AVP-D, semaglutide 
and liraglutide enhanced the effect of desmopressin and reduced dose needs.4 In a random-
ized controlled trial, Winzeler et al showed that dulaglutide lowered fluid intake and urine 
output in patients with primary polydipsia.5 However, so far, there are no reports on tirzepa-
tide in AVP-D. A female patient with AVP-D who saw marked drops in urine output and a need 
for desmopressin after starting tirzepatide is presented.

Case Presentation

A 45-year-old woman with primary hypothyroidism and a 3-year history of AVP-D was diag-
nosed via water deprivation test and magnetic resonance imaging consistent with lympho-
cytic hypophysitis (Figure 1). She returned due to increased urine output and weight control 
issues. Written informed consent was obtained from the patient.

Her ongoing medication included levothyroxine 100 µg/day and oral desmopressin 60 µg 
twice-daily (morning and evening), totaling 120 µg daily. Her history also included a prior 
cesarean section and an inguinal hernia repair. She was 169 cm tall, weighed 79 kg, and had 
a body mass index (BMI) of 27.7 kg/m2. Her lab values were urea 21 mg/dL (17-43), serum 
creatinine 0.8 mg/dL (0.51-0.95), sodium 136 mmol/L (135-145), potassium 4.6 mmol/L (3.5-
5.1), Alanine Aminotransferase 16 U/L (3-50), Aspartate Aminotransferase17 U/L (0-50), fT4 
0.89 ng/dL (0.61-1.12), fT3 2.79 pg/mL (2-4.4), Thyroid Stimulating Hormone 3.9 µIU/mL 
(0.33-5.56), urine specific gravity 1.003 (1.000-1.030), and urine osmolality 600 mOsm/kg. 
Abdominal ultrasound showed hepatic steatosis. Because of her BMI and metabolic risks, 
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GLP-1 receptor agonist therapy was started for weight loss. Finding 
no contraindications, tirzepatide began at 2.5 mg once weekly.

By day 15 after starting tirzepatide, the patient had a striking decrease 
in thirst and urine volume. At this visit, her serum sodium had fallen to 
126 mmol/L, marking an early and significant physiological response 
to tirzepatide. The desmopressin dose was then reduced to 30 µg 
twice-daily. Three days later, sodium rose to 131 mmol/L. There were 
no symptoms of polyuria or polydipsia, further demonstrating the 
therapy’s swift effectiveness. Since hyponatremia persisted, the dose 
was further adjusted to 15 µg in the morning and 30 µg in the eve-
ning (total 45 µg daily). At 1 month, serum sodium was back to 137 
mmol/L, and she had lost a clinically significant amount of weight. 
This loss matched the known effects of tirzepatide and highlighted 
its dual benefits. Data on fluid intake and urine output are in Table 1. 
Written consent was obtained for this case report.

Discussion

This case is one of the first to show reduced desmopressin needs 
after tirzepatide therapy in a person with AVP-D. Recent studies sug-
gest that GLP-1 receptor agonists (GLP-1 RAs) affect more than just 
metabolism. They also help regulate thirst, water balance, and the 
way the kidneys manage sodium and water.3-5 For instance, a ran-
domized controlled trial showed that dulaglutide reduced thirst and 
urine output in patients with primary polydipsia.5 This result shows 
the potential of the GLP-1 pathway in fluid control. Nakhleh et al also 
found that semaglutide and liraglutide made desmopressin more 
effective in AVP-D and reduced the dose required.4 Tirzepatide, which 
targets both GLP-1 and GIP receptors, might build on these effects.

At the hypothalamic level, studies show that GLP-1 receptor sig-
naling can suppress vasopressin synthesis and release. This helps 
regulate water balance.6,7 Animal data show that GLP-1 receptor ago-
nists lower water intake, even when food intake does not change. 
Human studies confirm that these drugs reduce water consumption 

in healthy people, supporting a direct role in thirst regulation.6,8 At 
the kidney, GLP-1 receptors are found in the proximal tubule. Their 
activation blocks the sodium–hydrogen exchanger 3, leading to 
natriuresis and diuresis.9-14 In people with normal AVP, these pro-
cesses boost nephron flow and help water excretion. In AVP-D, GLP-1 
receptor agonists may mainly control thirst and desmopressin need. 
In the patient, the early appearance of hyponatremia highlights the 
need for close sodium and fluid monitoring when starting GLP-1/GIP 
agonists.

No previous reports describe tirzepatide’s effects in AVP-D patients. 
This case gives a new clinical perspective, suggesting that dual GLP-1/
GIP agonists may work as supportive treatment for AVP-D. However, 
the report covers only 1 patient with a short follow-up, so final con-
clusions could not be drawn about the long-term effects, safety, or 
optimal dosing of desmopressin.

In summary, this case delivers the first evidence that tirzepatide 
therapy can dramatically lower urine output and reduce the need 
for desmopressin in a patient with AVP-D. These striking results point 
to a significant role for the GLP-1/GIP axis in regulating thirst and 
water–electrolyte balance, extending far beyond metabolic con-
trol. The substantial reduction in medication requirements and the 
improvement in symptoms highlight a potential breakthrough in 
care for AVP-D. However, larger, longer-term studies are essential to 
validate these preliminary findings and clarify the full clinical impact 
of this therapeutic approach.

Data Availability Statement: The data that support the findings of this study 
are available on request from the corresponding author.

Artificial Intelligence Usage Statement: During the preparation of this 
manuscript, ChatGPT (OpenAI) was used solely for language editing and 
grammatical improvement. The authors reviewed and approved all final 
content. 

Informed Consent: Written informed consent was obtained from the patient 
who agreed to take part in the study.

MAIN POINTS
•	 Tirzepatide therapy was associated with a marked reduction in 

desmopressin requirement in a patient with arginine vasopres-
sin deficiency (AVP-D).

•	 GLP-1/GIP receptor agonist treatment led to improved thirst 
control and reduced urine output within a short period.

•	 Initiation of tirzepatide was followed by the development of 
hyponatremia, necessitating close monitoring and dose adjust-
ment of desmopressin.

•	 This case suggests a potential interaction between incretin-
based therapies and water–electrolyte balance in patients with 
AVP-D.

Figure 1.  Sagittal and coronal T1-weighted magnetic 
resonance images of the pituitary gland.

Table 1.  Changes in Fluid Balance, Serum Sodium Level, Desmopressin Dose, and Body Weight During Tirzepatide (2.5 mg/week) 
Therapy

Tirzepatide 2.5 
mg/week

Serum Sodium 
Level (mmol/L)

​Fluid 
Intake 

(mL)​
Urine Output 

(mL)

Fluid 
Balance 

(mL)
Updated Desmopressin Dose 

(Morning/Evening), µg
Body 

Weight (kg)
Baseline 136 4850 6500 −1650 60/60 79
Day 15 126 3150 2950 +200 30/30 76.4
Month 1 137 2500 2400 +100 15/30 73.3
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Adult-Onset Nesidioblastosis Mimicking Insulinoma

Bozdoğan et al.

Adult-Onset Nesidioblastosis Mimicking Insulinoma 
in a Patient with Type 2 Diabetes Mellitus: 
A Case Report

ABSTRACT

Nesidioblastosis represents a rare cause of endogenous hyperinsulinemic hypoglycemia in adults, 
characterized by diffuse or focal proliferation of pancreatic β-cells. It often mimics insulinoma clini-
cally and radiologically, and therefore, its differential diagnosis is quite difficult in the preopera-
tive period. A case of adult nesidioblastosis mimicking insulinoma is presented. A 59-year-old man 
with a 13-year history of type 2 diabetes mellitus presented with recurrent hypoglycemic episodes 
manifested by sweating, palpitations, and confusion, despite cessation of antidiabetic therapy for 2 
months. During a prolonged fasting test, hypoglycemia accompanied by inappropriately elevated 
insulin and C-peptide concentrations confirmed endogenous hyperinsulinemia. Contrast-enhanced 
abdominal computed tomography (CT) and magnetic resonance imaging failed to reveal a pancre-
atic lesion. Gallium-68 DOTATATE positron emission tomography (68Ga-DOTATATE PET) demonstrated 
a focal area of increased uptake, approximately 1 cm in size, in the pancreatic uncinate process, 
suggesting a preliminary diagnosis of insulinoma. The patient underwent Whipple surgery, during 
which no macroscopic tumor was identified. Histopathological examination revealed ductuloinsular 
complexes, islet cell hyperplasia, and nuclear enlargement, and the findings were evaluated as com-
patible with focal nesidioblastosis. This case emphasizes the diagnostic complexity of differentiating 
nesidioblastosis from insulinoma and underscores the essential role of histopathological and immu-
nohistochemical analyses for establishing a definitive diagnosis.

Keywords: 68Ga-DOTATATE PET, hyperinsulinemia, hypoglycemia, nesidioblastosis

Introduction

Hypoglycemia is a clinical condition diagnosed according to Whipple’s triad, which includes 
symptoms, documented low plasma glucose, and resolution of symptoms after glucose 
administration.1,2 In adults, endogenous hyperinsulinemia is most commonly caused by insu-
linoma, whereas rarer causes include functional β-cell disorders such as nesidioblastosis.3,4 
Nesidioblastosis, a form of non-insulinoma pancreatic hypoglycemia syndrome (NIPHS), is 
common in infants but rare in adults.5,6 Here, an adult patient with type 2 diabetes mellitus 
diagnosed with nesidioblastosis is presented.

Case Report
A 59-year-old man with a 13-year history of type 2 diabetes mellitus was receiving sitagliptin-
metformin 50/1000 mg twice daily, dapagliflozin 10 mg once daily, insulin glargine U300 at 
20 IU/day, and insulin aspart 10 IU 3 times daily. The patient had no history of bariatric sur-
gery or chronic systemic disease (e.g., renal failure or malignancy) and was not using medi-
cations other than antidiabetic therapy. Hypoglycemic episodes occurred predominantly 
during fasting periods rather than postprandial states. The patient reported recurrent hypo-
glycemic episodes over 4 months, requiring frequent intake of meals and sugary foods and 
including nocturnal hypoglycemia necessitating nighttime awakening. No significant weight 
gain was observed. Hypoglycemia occasionally occurred despite skipping insulin injections. 
Due to recurrent episodes, the patient gradually reduced and eventually discontinued both 
insulin and oral antidiabetic medications approximately 2 months prior to admission; how-
ever, hypoglycemic episodes persisted, leading to multiple emergency department visits. 
During the most recent admission, plasma glucose was 30 mg/dL. The patient was admit-
ted for further evaluation. Physical examination was unremarkable. Laboratory findings were 
as follows: glycosylated hemoglobin 5.6%, fasting glucose 106 mg/dL, thyroid-stimulating 
hormone 1.54 mIU/L, creatinine 0.75 mg/dL, and alanine transaminase 31 U/L. No clinical 
signs of insulin resistance were observed, and there was no history of diabetic macrovascular 
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and microvascular complications. The prolonged fasting test was 
terminated at 30 minutes due to symptomatic hypoglycemia, with 
plasma glucose 41 mg/dL, insulin >300 mU/L, and C-peptide 5.13 
µg/L. Anti-insulin antibodies were negative. Contrast-enhanced 
computed tomography (CT) and magnetic resonance imaging (MRI) 
were unremarkable. Subsequent 68Ga-DOTATATE PET/CT revealed a 
focal uptake of approximately 1 cm in the uncinate process of the 
pancreas (SUVmax 7.04) (Figure 1).

Despite intravenous dextrose, methylprednisolone, and verapamil, 
hypoglycemia continued. Insulinoma was suspected, so surgery was 
performed. No discrete lesion was found, and a Whipple procedure 
followed. Histopathology showed ductuloinsular complexes, endo-
crine islet hyperplasia, and nuclear enlargement—findings consis-
tent with focal nesidioblastosis (Figure 2). Mild chronic pancreatitis 
was also seen in the surrounding tissue. After surgery, hyperglycemia 
required starting basal insulin, then bolus insulin therapy. Written 
informed consent was obtained.

Discussion 

The pathogenesis of adult-onset nesidioblastosis is unclear. Proposed 
mechanisms include β-cell dysregulation, changes in growth fac-
tors, and genetic factors. Trophic effects from bariatric surgery have 
also been noted.7 Differentiation between NIPHS and insulinoma is 
difficult before surgery. Both cause hypoglycemia-related clinical 
symptoms, and fasting hypoglycemia may be seen in either. Non-
insulinoma pancreatic hypoglycemia syndrome is usually marked by 
postprandial hypoglycemia, which is rarely seen in insulinoma.8

After confirming hyperinsulinemic hypoglycemia, CT, MRI, and endo-
scopic ultrasound (EUS) help localize the lesion. SACST can add value. 
Conventional imaging is less sensitive in nesidioblastosis, especially 
diffuse forms. Sensitivity for focal disease is about 85% for arterial 
calcium stimulation testing, 76% for EUS, 58% for MRI, and 54% for 
CT.9 Imaging with 68Ga-labeled somatostatin receptor tracers, such 
as 68Ga-DOTATATE and 68Ga–DOTA–exendin-4 PET/CT, can aid in insu-
linoma localization. Insulinomas show high somatostatin receptor 
expression and marked radiotracer uptake on 68Ga–somatostatin 
receptor and 68Ga–GLP-1 receptor analog PET/CT.6 68Ga-DOTATATE 
PET/CT is sensitive for insulinoma, but its role in nesidioblastosis is 
unclear. Nesidioblastosis is β-cell hyperplasia, not a tumor, so radio-
tracer uptake may be heterogeneous. Some reports show focal 
uptake mimicking an insulinoma; others report negative or inconclu-
sive findings.6,8,10 Interpret imaging results in clinical and histological 
context.

Both insulinoma and nesidioblastosis cause endogenous hyperinsu-
linemic hypoglycemia, making diagnosis difficult. Insulinoma usu-
ally results in fasting hypoglycemia, while nesidioblastosis is more 
often postprandial. Radiologically, insulinomas appear as discrete 

MAIN POINTS
•	 Adult-onset nesidioblastosis is a rare cause of endogenous 

hyperinsulinemic hypoglycemia and may closely mimic insuli-
noma both clinically and radiologically.

•	 Definitive diagnosis relies on histopathological evaluation, par-
ticularly the presence of ductuloinsular complexes and β-cell 
hyperplasia.

•	 Nesidioblastosis should be considered in the differential diag-
nosis when no discrete pancreatic tumor is identified intraop-
eratively despite insulinoma-like imaging findings.

Figure 1.  Pancreatic involvement in Gallium-68 DOTATATE PET.
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pancreatic lesions. Nesidioblastosis lacks a well-defined mass and 
may show diffuse or focal β-cell hyperplasia. Conventional imag-
ing may not identify a lesion in nesidioblastosis; histopathology is 
needed for diagnosis.4,8 Some reports describe nesidioblastosis 
mimicking insulinoma on imaging, with diagnosis confirmed histo-
pathologically.8,10 The patient had clinical and laboratory evidence 
of endogenous hyperinsulinemic hypoglycemia. Endoscopic ultra-
sound could not be performed due to technical issues. 68Ga-DOTATATE 
PET/CT showed focal uptake in the uncinate process, suggesting an 
insulinoma and guiding surgery. Additional studies, such as SACST, 
were not performed; however, both EUS and SACST may be useful 
in selected cases. No lesion was found during surgery. Recently, EUS-
guided radiofrequency ablation (EUS-RFA) has become an option for 
insulinoma patients, especially those who cannot undergo surgery or 
have small lesions, with good outcomes and low complication rates. 
EUS also helps assess suitability for this approach. Surgery remains 
the standard when malignancy cannot be excluded or the diagnosis 
is uncertain.11,12

Nesidioblastosis is classified into focal and diffuse forms. While 
the diffuse variant is more commonly observed in adult-onset 
cases, the focal form has been reported only in a limited num-
ber of studies.13,14 The focal type is characterized by nodular 
hyperplasia of clusters resembling pancreatic islets, whereas 
the diffuse form involves the entire pancreas. The presence of a 
ductuloinsular complex is considered diagnostic of nesidioblas-
tosis. Although no clear histopathological criteria exist for adult 

focal nesidioblastosis, Goosens et  al15 described neonatal focal 
disease as a well-circumscribed, compact nodule with tumor-like 
architecture, featuring dense ductuloinsular complexes and β-cells 
with enlarged nuclei. In the patient, postoperative histopathology 
demonstrated ductuloinsular complexes, immunoreactive endo-
crine islet clusters, and nuclei of increased size, findings consistent 
with focal nesidioblastosis.

Nesidioblastosis in adults is rare, and its coexistence with type 2 dia-
betes mellitus is extremely rare. Chronic metabolic stress and long-
standing insulin resistance may contribute to compensatory β-cell 
hyperplasia; however, the exact pathophysiological relationship 
remains unclear.3,6,7

CONCLUSION

In conclusion, nesidioblastosis is an uncommon cause of hypogly-
cemia in adults. In the patient, the preoperative imaging findings 
suggested an insulinoma due to the presence of a pancreatic lesion. 
However, as highlighted in previous reports, when a presumed mass 
cannot be confirmed on intraoperative or pathological examination, 
nesidioblastosis should be included in the differential diagnosis, par-
ticularly given its potential to mimic insulinoma.

Data Availability Statement: The data that support the findings of this study 
are available on request from the corresponding author.

Artificial Intelligence Usage Statement: The authors declared that no Artifi-
cial Intelligence tool was used in the preparation of the manuscript.

Figure 2.  Histological sections of the pancreas with various immunohistochemical stains. A) Hematoxylin–eosin staining showing 
ductuloinsular complexes (black arrows), enlarged endocrine islets (white arrows), and normal pancreatic acini (green arrows) 
(original magnification 100×). B) Immunoreactive proliferating endocrine islets with chromogranin pattern (20×). C) 
Immunoreactive proliferating endocrine islets with synaptophysin staining (20×). D) Immunoreactive endocrine islets with 
irregular borders and enlarged nuclei (20×).
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X-Linked Hypophosphatemia Misdiagnosed as Achondroplasia

Aydemir et al.

Fifty Years of Misdiagnosis: Two Sisters with 
X-Linked Hypophosphatemia Misdiagnosed as 
Achondroplasia

ABSTRACT

X-linked hypophosphatemia (XLH) is the most common inherited form of hypophosphatemic rick-
ets, caused by inactivating mutations in the phosphate-regulating endopeptidase homolog, X-linked 
(PHEX) gene. Despite its distinct clinical and biochemical features, XLH can be misdiagnosed as 
achondroplasia because of overlapping skeletal manifestations. Two sisters, aged 53 and 60 years, 
who were misdiagnosed with achondroplasia for more than 5 decades were later diagnosed with 
XLH. Both patients presented with diffuse bone pain, severe skeletal deformities, including coxa vara 
with shepherd’s crook deformity and femoral bowing and a history of spontaneous dental abscesses. 
Laboratory testing revealed hypophosphatemia with normocalcemia. Family history showed an 
X-linked dominant inheritance pattern, with an affected father, all 4 sisters affected, and 3 unaffected 
brothers—inconsistent with achondroplasia. Whole-exome sequencing identified a novel hetero-
zygous PHEX variant, c.207_212del (p.K69_V70del), classified as a variant of uncertain significance 
(VUS) per American College of Medical Genetics (ACMG) guidelines. Notably, the first patient had 
undergone parathyroidectomy 24 years earlier, likely reflecting tertiary hyperparathyroidism as a 
long-term complication of undiagnosed XLH. This report highlights that careful evaluation of family 
history, combined with simple biochemical tests, can prevent decades of misdiagnosis and its associ-
ated morbidity.

Keywords: Achondroplasia, hypophosphatemic rickets, misdiagnosis, PHEX gene, X-linked 
hypophosphatemia

Introduction

X-linked hypophosphatemia is caused by inactivating mutations in the PHEX gene (phos-
phate-regulating gene with homologies to endopeptidases on the X chromosome), leading 
to elevated levels of the phosphaturic factor fibroblast growth factor 23 (FGF23). Increased 
FGF23 causes chronic renal phosphate wasting and reduced 1,25(OH)₂D synthesis, resulting 
in symptoms such as skeletal deformities, short stature, rickets, growth retardation, osteoma-
lacia, bone and muscle pain, osteoarthritis, dental problems, and hearing loss.1 While XLH has 
traditionally been treated with phosphate and calcitriol replacement, burosumab, a mono-
clonal antibody against FGF23, has recently been introduced for the treatment of this disease 
worldwide.2 In this report, 2 sisters were misdiagnosed with achondroplasia throughout their 
lives, developed severe anatomical deformities and bone pain due to metabolic bone dis-
ease, and were finally diagnosed with XLH after the age of 50 years. This report is unique for 
the exceptionally prolonged diagnostic delay exceeding 5 decades and for the identification 
of a novel PHEX variant potentially associated with a severe untreated phenotype.

Case Presentation

A 53-year-old female patient (Patient 1) had been followed with a diagnosis of achondro-
plasia throughout the patient’s life. The patient presented to the clinic for treatment of dif-
fuse bone pain and osteoporosis. The patient had a history of multiple fractures in the lower 
extremities and had undergone surgical interventions for these fractures. The patient was 
mobile with the aid of 2 canes, with a height of 115 cm and weight of 34 kg. The patient had 
reached menopause at the age of 46. The patient’s medical history revealed nephrolithiasis 
diagnosed 24 years ago, during which a parathyroid adenoma was incidentally detected and 
surgically removed.

The patient’s sister, a 60-year-old female (Patient 2), had similarly been followed with a diag-
nosis of achondroplasia throughout her life. The patient also complained of diffuse bone pain 
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and measured 110 cm in height and 33 kg in weight. The patient had 
reached menopause at age 48 years and was mobile with single cane 
support.

Family history revealed that their father was 110 cm tall and their 
mother was 150 cm tall. Notably, their 3 brothers had normal stature 
(160-170 cm), while their 3 other sisters were between 100 and 110 
cm in height, suggesting an X-linked inheritance pattern. There was 
no consanguinity between the parents.

Physical examination of both patients revealed frontal bossing, short-
ened limbs, genu varum, coxa vara deformity, and scoliosis. Both 
patients exhibited a waddling gait and reported a history of spon-
taneous dental abscesses. Pelvic radiographs demonstrated bilateral 

coxa vara with shepherd’s crook deformity, severe femoral bowing, 
and evidence of previous fracture fixation in both patients (Figure 1). 
Laboratory findings, including serum calcium, phosphorus, vitamin 

MAIN POINTS
•	 X-linked hypophosphatemia and achondroplasia share overlap-

ping features but differ critically in inheritance pattern. X-linked 
dominant inheritance immediately excludes achondroplasia, 
which is autosomal dominant.

•	 Serum phosphate is the key distinguishing test. 
Hypophosphatemia with normocalcemia is a hallmark of XLH 
and is never seen in achondroplasia.

•	 Spontaneous dental abscesses, coxa vara, and femoral bowing 
should prompt an XLH workup in any patient presenting with 
short stature and skeletal deformities.

•	 Tertiary hyperparathyroidism is a recognized long-term com-
plication of untreated XLH, developing solely from chronic 
hypophosphatemia and sustained 1,25(OH)₂D deficiency—
independent of phosphate therapy.

•	 A novel heterozygous PHEX variant, c.207_212del (p.K69_
V70del), is reported for the first time, thereby expanding the 
mutation spectrum of XLH.

Figure 1.  Anteroposterior pelvic and bilateral femoral radiographs of the 2 sisters. (A) The first patient (53-year-old female) 
showing bilateral coxa vara with shepherd’s crook deformity, severe bilateral femoral bowing more prominent on the right side, 
internal fixation hardware in the right femoral shaft from previous fracture surgery, diffuse osteopenia, and cortical thinning. (B) 
The second patient (60-year-old female) demonstrating bilateral coxa vara, bilateral femoral bowing, a cannulated screw in the 
right proximal femur for fracture fixation, diffuse osteopenia, and cortical thinning. These findings are characteristic of long-
standing untreated hypophosphatemic rickets/osteomalacia.

Table 1.  Laboratory and Bone Mineral Densitometry Results of 
the Patients
​ Patient 1 Patient 2
Serum phosphate
(2.5-4.5 mg/dL)

1.76 1.8

Serum calcium
(8.6-10.2 mg/dL)

9.4 9

Serum ALP
(35-105 U/L)

73 95

1,25(OH)₂D
(20-120 µg/L)

21.7 14

Serum PTH
(15-65 pg/mL)

81 65

Serum creatinine
(0.5-0.9 mg/dL)

0.53 0.5

TRP (%)
85-95% 

78.2 N/A

TmP/GFR (mg/dL)
(2.6-3.8 mg/dL)

1.4 N/A

Femur neck T score −4 −1.2
Femur total T score −3.7 −1.7
Lumbar total T score −0.2 −1.5

TRP and TmP/GFR could not be calculated for Patient 2 due to unavail-
ability of a timed urine sample at the time of evaluation. Serum FGF23 
was not measured in either patient; this represents a limitation of the 
present report, as elevated FGF23 is a key diagnostic biomarker for XLH. 
1,25(OH)₂D, 25-hydroxyvitamin D; ALP, alkaline phosphatase; N/A, not 
available; PTH, parathyroid hormone; TmP/GFR, tubular maximum reab-
sorption of phosphate per glomerular filtration rate, representing the 
renal phosphate threshold normalized to GFR; TRP, tubular reabsorption 
of phosphate, the percentage of filtered phosphate reabsorbed by the 
renal tubules. 
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D levels, and bone mineral densitometry results, are presented in 
Table 1.

Based on the biochemical findings consistent with hypophos-
phatemic rickets, molecular genetic testing was ordered for both 
patients to establish a definitive diagnosis. Genetic analysis identi-
fied a heterozygous c.207_212del (p.K69_V70del) variant in PHEX 
(NM_000444.6), classified as a VUS per ACMG guidelines. Genetic 
counseling and segregation analysis were recommended. Written 
informed consent was obtained from both patients for the publica-
tion of this case report and accompanying images.

Discussion

X-linked hypophosphatemia, although rare, is the most common 
inherited form of hypophosphatemic rickets, with an estimated 
prevalence of approximately 1 in 20 000 individuals.3 However, as 
demonstrated by the cases, the true prevalence may be higher due 
to underdiagnosis or misdiagnosis. The fact that both sisters were 
misdiagnosed with achondroplasia for over 5 decades illustrates the 
diagnostic challenges associated with both XLH and achondroplasia.

Achondroplasia is a condition occurring in approximately 1 in 25 000 
to 30 000 individuals and follows an autosomal dominant inheritance 
pattern.4 These mutations are generally fully penetrant, although 
mild variability in expression may occur. Due to its autosomal domi-
nant inheritance, an affected individual has a 50% chance of trans-
mitting the condition to each offspring if the partner is unaffected. 
However, the majority of achondroplasia cases—approximately 
80%—arise from de novo spontaneous mutations.5 In contrast, XLH 
follows an X-linked dominant inheritance pattern; as observed in the 
cases, affected fathers transmit the disease to all daughters while 
sons remain unaffected and have normal stature.

Achondroplasia is caused by mutations in the fibroblast growth fac-
tor receptor 3 (FGFR3) gene.6 This is a gain-of-function mutation that 
leads to ligand-independent constitutive activation of FGFR3. Since 
FGFR3 normally functions as a negative regulator of chondrocyte 
proliferation, the mutation results in chronic inhibition of cartilagi-
nous bone growth, producing the characteristic skeletal features of 
achondroplasia.7

Clinically, achondroplasia presents with short stature, shortened 
extremities, macrocephaly, small thorax, thoracolumbar kypho-
sis, lumbar hyperlordosis, limited elbow extension, short fingers, 
hypermobile hips and knees, and hypotonia. Radiologically, findings 
include short tubular bones, flat and horizontal acetabula, markedly 
narrowed sacrosciatic notch, short proximal and middle phalanges, 
and characteristic proximal femoral radiolucency.7 In contrast, XLH 
clinically manifests with disproportionate short stature, genu varum 
or valgum, coxa vara with shepherd’s crook deformity, femoral bow-
ing, spontaneous dental abscesses, craniosynostosis, and hearing 
loss. Radiological features include metaphyseal widening and irregu-
larity, fractures and pseudofractures, diffuse osteopenia, and corti-
cal thinning.1 In achondroplasia, serum phosphate, calcium, alkaline 
phosphatase, and parathyroid hormone levels remain within normal 
limits. In contrast, XLH is characterized by renal phosphate wast-
ing due to elevated FGF23 levels, resulting in hypophosphatemia 
with normocalcemia, typically elevated alkaline phosphatase, and 
reduced TmP/GFR. However, as observed in both of the patients, 
ALP may remain within normal limits in elderly individuals with 

long-standing disease, likely due to attenuated bone turnover, post-
menopausal status, and—in Patient 1—prior parathyroidectomy. 
Furthermore, secondary or even tertiary hyperparathyroidism may 
develop in patients with XLH, presenting with elevated PTH levels. 
This is hypothesized to result from FGF23-induced reductions in 
1,25(OH)₂D levels, which normally inhibit parathyroid cell prolifera-
tion, as well as from direct effects of FGF23 on PTH secretion and deg-
radation. In treated patients, long-term phosphate therapy without 
adequate calcitriol supplementation may also exacerbate hyperpara-
thyroidism and lead to parathyroid autonomy. However, as seen in 
the first patient, tertiary hyperparathyroidism can also develop in the 
absence of any treatment, solely due to chronic hypophosphatemia 
and prolonged 1,25(OH)₂D deficiency. Thus, simple biochemical tests, 
including serum phosphate, calcium, PTH, and alkaline phosphatase, 
can reliably differentiate XLH from achondroplasia.8,9

Consistent with this, the first patient had undergone parathyroid-
ectomy for a parathyroid adenoma 24 years before the diagnosis of 
XLH. This finding likely represents tertiary hyperparathyroidism that 
developed as a long-term complication of chronic hypophosphate-
mia and undiagnosed XLH, further illustrating the consequences of 
delayed diagnosis.

The diagnostic delay of over 50 years resulted in significant morbidity 
in both patients, including multiple lower extremity fractures requir-
ing surgical intervention, severe skeletal deformities, chronic bone 
pain, and impaired mobility. Early diagnosis and appropriate treat-
ment could have largely prevented these complications.

Genetic analysis identified the heterozygous c.207_212del (p.K69_
V70del) variant in the PHEX gene, which was classified as a VUS 
according to ACMG guidelines. Although the identified PHEX variant 
is currently classified as a VUS, the phenotypic and biochemical find-
ings are highly suggestive of XLH; however, further segregation and 
functional studies are required to confirm pathogenicity. Segregation 
analyses in the other affected sisters, together with potential future 
functional studies, may help clarify the clinical significance of this vari-
ant and facilitate its reclassification. Following diagnosis, phosphate 
and calcitriol therapy were initiated in both patients. Burosumab 
therapy has also been planned for the first patient.

This case report has certain limitations. Serum FGF23 levels, which 
are characteristically elevated in XLH and serve as a key diagnostic 
biomarker, were not measured in the patients. This is a significant 
limitation, as FGF23 measurement would have provided direct bio-
chemical evidence of the underlying pathophysiology and further 
supported the diagnosis. However, the combination of clinical find-
ings, biochemical evidence of hypophosphatemia with normocal-
cemia, characteristic radiological features, X-linked inheritance, and 
identification of a PHEX gene variant collectively supports the diag-
nosis of XLH.

Conclusion

This case report describes 2 sisters who were diagnosed with XLH 
after more than 50 years of being misdiagnosed with achondropla-
sia. In patients presenting with short stature and skeletal deformities, 
XLH should be considered in the differential diagnosis, particularly 
when an X-linked inheritance pattern, hypophosphatemia, and 
spontaneous dental abscesses are present. Careful evaluation of fam-
ily history and simple biochemical tests are critical for an accurate 
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diagnosis. Early diagnosis and appropriate treatment can prevent 
severe skeletal complications.
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