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Abstract 

Background Hereditary hypophosphatemia rickets with hypercalciuria (HHRH) is a rare autosomal recessive disorder 
characterised by reduced renal phosphate reabsorption leading to hypophosphataemia, rickets and bone pain. Here, 
we present a case of HHRH in a Chinese boy.

Case presentation We report a 11-year-old female proband, who was admitted to our hospital with bilateral 
genuvarum deformity and short stature. Computed Tomography (CT) showed kidney stones, blood tests showed 
hypophosphatemia, For a clear diagnosis, we employed high-throughput sequencing technology to screen for vari-
ants. Our gene sequencing approach encompassed whole exome sequencing, detection of exon and intron junction 
regions, and examination of a 20 bp region of adjacent introns. Flanking sequences are defined as ±50 bp upstream 
and downstream of the 5′ and 3′ ends of the coding region.The raw sequence data were compared to the known 
gene sequence data in publicly available sequence data bases using Burrows-Wheeler Aligner software (BWA, 0.7.12-
r1039), and the pathogenic variant sites were annotated using Annovar. Subsequently, the suspected pathogenic 
variants were classified according to ACMG’s gene variation classification system. Simultaneously, unreported or clini-
cally ambiguous pathogenic variants were predicted and annotated based on population databases. Any suspected 
pathogenic variants identified through this analysis were then validated using Sanger sequencing technology. At last, 
the proband and her affected sister carried pathogenic homozygous variant in the geneSLC34A3(exon 13, c.1402C > T; 
p.R468W). Their parents were both heterozygous carriers of the variant. Genetic testing revealed that the patient 
has anLRP5(exon 18, c.3917C > T; p.A1306V) variant of Uncertain significance, which is a rare homozygous variant.

Conclusion This case report aims to raise awareness of the presenting characteristics of HHRH. The paper describes 
a unique case involving variants in both theSLC34A3andLRP5genes, which are inherited in an autosomal reces-
sive manner. This combination of gene variants has not been previously reported in the literature. It is uncertain 
whether the presence of these two mutated genes in the same individual will result in more severe clinical symptoms. 
This report shows that an accurate diagnosis is critical, and with early diagnosis and correct treatment, patients will 
have a better prognosis.
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Introduction
Hypophosphatemic rickets (HR), also known as famil-
ial hypophosphatemia, is characterized by hypophos-
phatemia and phosphate loss in the kidney. It is mainly 
a genetic disorder of bone mineralization [1]. It includes 
a group of diseases with similar phenotypes but differ-
ent genotypes, patterns of inheritance and aetiology, 
the most common being X-linked dominant hypophos-
phatemic rickets. Less common may be caused by auto-
somal dominant or recessive inheritance [2]. Hereditary 
hypophosphatemia rickets with hypercalciuria (HHRH) 
is an autosomal recessive metabolic disorder of child-
hood, in which loss of NPT2c dependent phosphate 
transport in the renal proximal tubule leads to hypophos-
phatemic rickets and/or osteomalacia [3]. Some studies 
showed that human NPT2c is N-glycosylated in the ER 
and then undergoes further modification upon appro-
priate folding and passing the ER quality control sys-
tem, which is followed by apical expression. The protein 
misfolding may be caused by the p.R468W variant [4]. 
It characterized by reduced renal phosphate reabsorp-
tion, hypophosphatemia and rickets. It differs from other 
forms of hypophosphatemia in that elevated serum lev-
els of 1, 25-dihydroxyvitamin D led to hypercalciuria. 
Osteoporosis-pseudoglioma syndrome (OPPG; OMIM 
#259770) is less common disease, this disease is related to 
the LRP5. Typical characteristics of OPPG are early onset 
(juvenile) osteoporosis associated with ocular abnormali-
ties involving vitreoretinal structures (pseudoglioma) that 
can lead to blindness [5]. Currently, burosumab has been 
approved for the treatment of children and adults with 
X-linked hypophosphatemia (XLH), data from phase 
2 and 3 trials report overall safety and efficacy. How-
ever, in patients with HHRH, there have been no stud-
ies confirming the efficacy and prognosis of this drug. 
To arouse attention to these two diseases and reduce the 
occurrence of sequelae, the clinical manifestations, neu-
roimaging characteristics, diagnosis and treatment of 1 
case of HHRH and OPPG admitted to our hospital were 
reported and a literature study was performed.

Case presentation
The patient, an 11-year-old female, has been suffering 
of short stature for 6 years before being admitted to the 
hospital. The girl was the fifth child born to a noncon-
sanguineous couple. She was born naturally at full term, 

with a low birth weight and height, and was breastfed. 
After the age of 5, the patient’s height is lower than that 
of children of the same age. After admission to our hospi-
tal, Blood tests showed the decreased levels of phospho-
rus to 0.80 mmol/L (normal range: 0.96–1.62 mmol/L), 
1,25-(OH)2-D to 11.39 pg/ml (normal range: 20–100 pg/
ml), tubular reabsorption of phosphate (TRP) to 83.7% 
(normal range: 84 to 96%) and increased levels of alkaline 
phosphatase to 1427.40 U/L (normal range: 45–125 U/L). 
The other electrolytes, thyroid hormone, 24-hour urine 
calcium levels and ratio of maximum rate of renal tubular 
reabsorption of phosphate to glomerular filtration rate 
(TMP/GFR) were unremarkable. The patient’s siblings 
and parents blood phosphorus results revealed that one 
of the patient’s sisters had low blood phosphorus, and 
bowed legs were the only clinical manifestation. Here are 
the patient’s laboratory test results along with their cor-
responding normal reference ranges.

Table 1 Phosphate clearance test results: after consum-
ing 300 ml of distilled water on an empty stomach, the 
following measurements were taken 2 hours later; TRP: 
tubular reabsorption of phosphate; TMP/GFR: ratio of 
maximum rate of renal tubular reabsorption of phos-
phate to glomerular filtration rate.

Hand X-ray showed left distal ulnar radius consist-
ent with rickets in active phase (Fig.1a), radiographs of 
growth plates demonstrate metaphyseal widening, cup-
ping, lucency and flaring, possible old fracture of the 
distal radius on the left side, and bone age comparable 
to the girl’s standard of 9 years; renal scan suggested a 
strong echogenic cluster of about 6 mm in the right renal 
pelvis and calyces (Fig.1b); the chest radiograph showed 
reduced bone density in the bones within the scan area 
(Fig.1c); previous bone X-rays of both hands suggested 
that the hands and wrist joints were dysplastic and rick-
ets was considered; radiographs of both lower limbs sug-
gested that rickets was present in both lower limbs with 
bowed legs. Pure tone audiometry: the average hearing 
threshold at speech frequencies of 20 dB in both ears. 
The conductance map shows a binaural (type A) curve, 
no otoacoustic emissions elicited in either ear. Auditory 
brainstem: binaural hearing thresholds of 25dBnHL, sug-
gestive of normal hearing.

A case is reported in this paper. The proband’s par-
ents are not consanguineous. With the informed con-
sent of the patients and family members, whole exome 

Table 1 Phosphate clearance test results

Item creatinine phosphorus TRP TMP/GFR

blood 20.86 umol/L 0.99 mmol/L 83.7% (84 to 96%) 0.829 mmol/l (0.8–1.35 mmol/l)

urine 1297.9 umol/L 10.02 mmol/L
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sequencing analysis was performed and showed that the 
proband harbored the c.1402C > T; p.R468W in theS-
LC34A3gene (Fig.2a), this variant has been described 
by Bergwitz et  al. 2006 [6]. Sanger sequencing was 

performed to verify this variant in other family members. 
The proband’s mother (Fig.2c) and father (Fig.2b) carry a 
heterozygous variant of the gene, and the proband’s sis-
ter (Fig.2d) had a homozygous variant. The proband also 

Fig. 1 A skeletal survey of the patient.aWidening of the distal ulnar radius epiphysis on the left side, spreading to both sides, central depression, 
cup-shaped changes, irregular brush-like cup, widening of the epiphyseal plate, jagged faint translucent line shadow is seen on the distal radius 
on the left side.bA strong echogenic cluster of about 6 mm in the right renal pelvis and calyces.cCup-like depression of the sternal segments 
of the ribs with a brush-like appearance

Fig. 2 Results of Sanger sequencing for patient.aThe proband carry a homozygous disease-causing variant in the geneSLC34A3(exon 13, 
c.1402C>T; p.R468W),bThe proband’s father carry a heterozygous variant of the gene,cThe proband’s mother carry a heterozygous variant 
of the gene,dthe proband’s sister has a homozygous variant
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harbored a c.3917C > T (p.A1306V) homozygous variant 
in theLRP5gene (Fig.3a). The proband’s mother (Fig.3c) 
and father (Fig.3b) carried a heterozygous variant in the 
gene, but the proband’s sister (Fig.3d) was normal.

Therefore, combined with the clinical manifestations of 
the patient, the genetic testing results and family analysis 
can be used to diagnose hereditary hypophosphatemic 
rickets with hypercalciuria. The relevant manifestations 
of the patient and her relatives are as follows (Table 2).

Discussion
HHRH is a rare metabolic disorder with an autosomal 
recessive inheritance pattern. Tieder et al. were the first 
to describe the clinical phenotype of HHRH in a con-
sanguineous Bedouin family [7]. HHRH is character-
ized by hypophosphatemia, short stature, rickets and/or 
osteomalacia, and secondary absorptive hypercalciuria. 
Hypophosphatemia stimulates renal 1-alpha-hydroxy-
lase, which increases 1,25-dihydroxyvitamin D synthesis. 
This results in the suppression of parathyroid hormone 
(PTH) and increases the intestinal absorption of cal-
cium, which increases the renal filtered calcium load and 

hypercalciuria [8, 9]. This helps differentiate HHRH from 
autosomal dominant hypophosphatemic rickets (ADHR) 
and X-linked hypophosphatemia (XLH).  A number of 
genes associated with skeletal or growth abnormalities 
have been identified (Table  3), among which more than 
9,000 pathogenic variants were found in these genes 
(Table  4). Please refer to the supplementary material for 
details (Additional file 3). These genes can help us to bet-
ter understand such disorders. In this case, the main clin-
ical manifestations were bilateral genu varum deformity 
and short stature. However, the patient did not present 
with bone pain, and investigations suggested hypophos-
phatemia, rickets and renal calculi, the TRP were slightly 
lower than normal. Therefore, gene sequencing was per-
formed to determine the cause.

Bergwitz et  al. [6] performed a genome-wide linkage 
scan combined with homozygosity mapping in the large 
consanguineous Bedouin kindred reported in Tieder et al. 
[7]. The candidate gene region was narrowed down to the 
1.6 MB region on chromosome 9q34, and the mutated 
gene was identified asSLC34A3. This gene encodes the 
type 2C sodium phosphate cotransport protein (NPT2c), 

Fig. 3 Results of Sanger sequencing for patient.aThe proband carry a homozygous variant in the geneLRP5(exon 18 c.3917CT; p.A1306V),bThe 
proband’s father carry a heterozygous variant of the gene,cThe proband’s mother carry a heterozygous variant of the gene,dthe proband’s sister 
has not variant

Table 2 Comparison of clinical symptoms

SLC34A3 LRP5 Clinical Characteristics

Father Heterozygous variant Heterozygous variant Height: 175 cm Normal blood phosphorus

Mother Heterozygous variant Heterozygous variant Height: 160 cm

Sister Homozygous variant Not variant Height: 158 cm
Age: 13 years old

Hypophosphatemic and lower-extremity bowing

The proband Homozygous variant Homozygous variant Height: 104 cm
Age: 11 years old

Hypophosphatemia, renal calculi, the TRP were slightly lower than nor-
mal, metaphyseal widening, cupping, flaring, lucency, lower-extremity 
bowing and short stature
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which, together with NPT2a, is expressed in the apical 
region of proximal renal tubule cells under the control of 
PTH and fibroblast growth factor 23(FGF23). Addition-
ally, phosphate is reabsorbed from the glomerular filtrate 
[10, 11].

Clinically, HHRH patients with homozygous or 
compound heterozygousSLC34A3/NPT2c variants 
usually present with hypophosphatemia, rickets, or oste-
omalacia after reduced renal phosphate reabsorption 
and often develop kidney stones or renal calcification. 
In contrast,LRP5gene (c.C3917T, p. A1306V) variant 
was found in the proband by genetic testing, and accord-
ing to the ACMG guidelines [12], this variation was pre-
liminarily determined to be of uncertain significance, 
the evidence supporting its pathogenicity is insufficient, 
but the association with the clinical phenotype of OPPG 
may exist. OPPG is caused by biallelic variants in the 
gene encoding low-density lipoprotein receptor-related 
protein 5 (LRP5) [13], which often presents with vitreo-
retinal degeneration such as microphthalmia, phthisis 
bulbi, retinal detachments, persistent fetal vasculature, 
congenital retinal folds, exudative retinopathy, cataracts, 
and retinal calcifications. Skeletal abnormalities result 
from reduced bone mass and usually present as recurrent 
long bone and vertebral fractures, compressed vertebrae, 
bowing of long bones, short stature, and kyphosis [5]. 
Although the patient in this case presented with some of 
the clinical manifestations described above, a different 
outcome with lower vitamin D levels was also seen. The 
reasons considered may be related to the high latitude, 
the spring visit and the relatively low vitamin D produc-
tion due to reduced activity during school age. There are 
no clinical data to show the average vitamin D levels in 
children under the same conditions, and further explora-
tion of the possible causes is needed.

Since HHRH is an autosomal recessive genetic dis-
ease, the typical manifestations of the disease require 
double-allelic variants. The loss of just oneSLC34A3allele 
does not necessarily lead to abnormal laboratory results. 
Therefore, the patient must inherit the variant from both 
parents to obtain the complete presentation of the dis-
ease. In one study [14], heterozygous patients presented 
with mild clinical symptoms, usually mild or absent 
hypophosphatemia, and no skeletal deformities, with 
recurrent kidney stones and hypercalciuria as the main 
manifestations compared with homozygous patients. 
In homozygous patients, hypophosphatemia and kid-
ney stones are more common. In this case report, the 
patient had a homozygous gene variant, and the patient 
had hypophosphatemia, rickets, short stature, and kid-
ney stones, which was consistent with the report. How-
ever, theLRP5gene also is mutated in the patient. The 
disorder is called osteoporosis-pseudoglioma syndrome 

and causes short stature in patients with early onset of 
clinical symptoms. The variation has been preliminarily 
determined to be of uncertain significance, and the evi-
dence supporting its pathogenicity is insufficient, fur-
ther exploration is needed to determine whether short 
stature is derived from this gene pathogenic variant, and 
whether these two genetic variants lead to more severe 
clinical manifestations when present together in the same 
individual.

A review of the patient’s siblings and parents blood 
phosphorus results revealed that one of the patient’s 
sisters had low blood phosphorus, and bowed legs were 
the only clinical manifestation. The reason for this may 
be related to the proband having two homozygous vari-
ants in theSLC34A3andLRP5genes, whereas only the 
homozygous variant in theSLC34A3gene was present in 
the sister. Subsequently, genetic testing of the parents of 
the proband and the sister who showed only hypophos-
phatemia on laboratory tests confirmed the presence 
of a heterozygous variant in the gene in the affected 
parents and a homozygous gene variant in the sister. A 
recent study analysed the effect of theSLC34A3variant on 
NPT2c function and the link with the phenotype of the 
patients. In the end, no association was found between 
the severity of the disease and the degree of phosphate 
transport impairment [15]. However, the variant was not 
analyzed in the above articles. Therefore, whether there 
is clinical heterogeneity in the case for the homozygous 
gene variant c.1402C > T; p.R468W in theSLC34A3gene 
warrants further investigation.

HHRH is easily overlooked or underdiagnosed. Genetic 
evaluation of patients with familial hypercalciuria, 
hypophosphatemia and kidney stones is needed to fur-
ther understand the prevalence and treatment of this 
rare disease. Biochemical, renal ultrasound and genetic 
screening should also be considered for first-degree rela-
tives of patients with HHRH to increase confidence in the 
diagnosis of the disease.

Early and accurate diagnosis of HHRH has important 
therapeutic significance. Tinder et  al. [16] emphasized 
the importance of correct diagnosis, as long-term phos-
phate therapy alone can reverse clinical and biochemical 
abnormalities of HHRH. However, treatment with active 
vitamin D metabolites may aggravate the disease, leading 
to hypercalcemia, nephrocalcinosis, and renal damage. 
Blood phosphorus levels are restored to nearly normal 
levels by phosphorus supplementation, which is condu-
cive to fracture healing, and phosphorus supplementa-
tion can reduce blood calcium. A study [17] reported a 
14-year-old Turkish boy with severe rickets since age 
2 years. Laboratory analysis showed hypophosphatemia, 
normocalcemia, increased alkaline phosphatase activ-
ity, and normal serum PTH. Serum 1,25(OH)2D3 was 



Page 6 of 7Wang et al. BMC Pediatrics          (2024) 24:121 

markedly increased. Trabecular bone biopsy showed 
osteomalacia. At 10 years of age, high doses of vitamin D 
(40.000 U/D) and phosphate (1.1 g/D) for 20 days resulted 
in symptomatic kidney stones.

In one case report [18], genetic testing was performed 
on a 32-year-old woman with a painful valgus knee 
deformity and after a definitive diagnosis of HHRH, she 
was started on phosphate supplementation and sus-
pended vitamin D. She subsequently showed significant 
improvement in her left knee pain. Six months after 
starting phosphate supplementation, she underwent a 
simple left total knee arthroplasty (TKA), which signifi-
cantly improved the patient’s quality of life after the pro-
cedure. In contrast, this paper proposes that corrective 
surgery (e.g. osteotomy and TKA) can be performed in 
patients presenting with limb deformities without timely 
and definitive diagnosis and intervention for HHRH and 
that phosphate supplementation should be administered 
for at least 6 months prior to surgery to ensure that bone 
mineralization does not continue to be compromised. 
Otherwise, poor bone healing and mineralization may 
occur, leading to further irreversible defects [17].

Treatment of HHRH consists of monotherapy with 
oral Pi supplements, while active vitamin D analogs are 
contraindicated. This is mainly because endogenous 
1,25(OH)2D levels are already elevated but also to pre-
vent further worsening of hypercalciuria [19]. Buro-
sumab, a human monoclonal anti-FGF23 antibody, was 
recently approved as a specific therapy for XLH, data 
from phase 2 and 3 trials report overall safety and effi-
cacy. However, in patients with HHRH, there have been 
no studies confirming the efficacy and prognosis of this 
drug. Further research and clinical trials are needed to 
verify the therapeutic effect and prognosis of the drug 
on HHRH patients. Overall, it is not clear which genetic 
and biochemical indicators best predict the risk of renal 
calcification in the HHRH family and whether oral phos-
phate supplements alone are safe for long-term treatment 
in terms of renal calcification. It is also not clear whether 
renal phosphate leakage will last for life and whether 
treatment can be stopped after long-term treatment. 
Therefore, there is a large amount of data needed to sup-
port how oral phosphate therapy should be monitored.

Conclusion
This paper describes a case ofSLC34A3andLRP5gene 
variants inherited in an autosomal recessive manner. 
TheSLC34A3gene variant is considered a mutant gene 
for HHRH. TheLRP5gene variant is considered a gene 
of uncertain significance and has hitherto not been 
described in the context of the two genes at the same 
time. It is inconclusive whether the superposition of the 
two gene variants exacerbates clinical symptoms. This 

report shows that an accurate diagnosis is critical, and 
with early diagnosis and correct treatment, patients will 
have a better prognosis.

Supplementary Information
The online version contains supplementary material available athttps:// doi. 
org/ 10. 1186/ s12887- 024- 04589-2.

Additional file 1. 

Additional file 2. 

Additional file 3. 

Acknowledgements
We would like to thank the proband and her parents for their kind 
cooperation.

Authors’ contributions
LFW: Conceptualization, Methodology, Analysis, Writing, Visualization, 
Resources, Supervision. JZRY: Data curation. GLMR, GZLKZ: Analysis, Resources. 
DYD: Analysis, Verification. YYG: Conceptualization, Methodology, Analysis, 
Verification, Writing, Supervision. All authors read and approved the final 
manuscript.

Funding
Funding support from Autonomous Region Science and Technology Depart-
ment Platform Construction Project (PT1601).

Availability of data and materials
TheSLC34A3genes analyse in the current study are available in the dbSNP 
repository, rs121918238, TheLRP5genes analyse in the current study are avail-
able in the dbSNP repository, rs772148405https:// www. ncbi. nlm. nih. gov/ snp/.

Declarations

Ethics approval and consent to participate
All experimental protocols were approved by The People′s Hospital of Xinjiang 
Uygur Autonomous Region Ethics Committee. The patients’ parents provided 
written informed consent for all genetic studies performed in relation to this 
case.

Consent for publication
A copy of the signed, written informed consent for publication form from the 
patients’ parents is available for review by the editor.

Competing interests
The authors declare no competing interests.

Author details
1 Department of Endocrinology, People′s Hospital of Xinjiang Uygur Autono-
mous Region, Xinjiang Clinical Research Center for Diabetes, Urumqi 830000, 
China. 2 Department of Endocrinology, Yecheng County, Kashi City of Xinjiang 
Uygur Autonomous Region, Kashi City 832000, China. 

Received: 20 January 2023   Accepted: 24 January 2024

References
 1. Ruppe MD. X-Linked Hypophosphatemia. In: Adam MP, Mirzaa GM, Pagon 

RA, Wallace SE, Bean LJH, Gripp KW, et al., editors. GeneReviews(®). Seattle 
(WA): University of Washington, Seattle Copyright © 1993–2023, Univer-
sity of Washington, Seattle. GeneReviews is a registered trademark of the 
University of Washington, Seattle. All rights reserved.; 1993.

 2. Ackah SA, Imel EA. Approach to Hypophosphatemic rickets. J Clin Endo-
crinol Metab. 2022;108(1):209–20.

https://doi.org/10.1186/s12887-024-04589-2
https://doi.org/10.1186/s12887-024-04589-2
https://www.ncbi.nlm.nih.gov/snp/


Page 7 of 7Wang et al. BMC Pediatrics          (2024) 24:121  

 3. Mughal MZ. Rickets. Curr osteoporos rep. 2011;9(4):291–9.
 4. Haito-Sugino S, Ito M, Ohi A, Shiozaki Y, Kangawa N, Nishiyama T, et al. 

Processing and stability of type IIc sodium-dependent phosphate 
cotransporter mutations in patients with hereditary hypophos-
phatemic rickets with hypercalciuria. Am j physiol Cell physiol. 
2012;302(9):C1316–30.

 5. Frontali M, Stomeo C, Dallapiccola B. Osteoporosis-pseudoglioma syn-
drome: report of three affected sibs and an overview. Am J Med Genet. 
1985;22(1):35–47.

 6. Bergwitz C, Roslin NM, Tieder M, Loredo-Osti JC, Bastepe M, Abu-Zahra H, 
et al. SLC34A3 mutations in patients with hereditary hypophosphatemic 
rickets with hypercalciuria predict a key role for the sodium-phosphate 
cotransporter NaPi-IIc in maintaining phosphate homeostasis. Am J Hum 
Genet. 2006;78(2):179–92.

 7. Tieder M, Modai D, Samuel R, Arie R, Halabe A, Bab I, et al. Heredi-
tary hypophosphatemic rickets with hypercalciuria. N Engl J Med. 
1985;312(10):611–7.

 8. Dasgupta D, Wee MJ, Reyes M, Li Y, Simm PJ, Sharma A, et al. Mutations in 
SLC34A3/NPT2c are associated with kidney stones and nephrocalcinosis. 
J Am Soc Nephrol: JASN. 2014;25(10):2366–75.

 9. Tencza AL, Ichikawa S, Dang A, Kenagy D, McCarthy E, Econs MJ, 
et al. Hypophosphatemic rickets with hypercalciuria due to muta-
tion in SLC34A3/type IIc sodium-phosphate cotransporter: presenta-
tion as hypercalciuria and nephrolithiasis. J Clin Endocrinol Metab. 
2009;94(11):4433–8.

 10. Lau WL, Festing MH, Giachelli CM. Phosphate and vascular calcification: 
emerging role of the sodium-dependent phosphate co-transporter PiT-1. 
Thromb Haemost. 2010;104(3):464–70.

 11. Mejia-Gaviria N, Gil-Peña H, Coto E, Pérez-Menéndez TM, Santos F. Genetic 
and clinical peculiarities in a new family with hereditary hypophos-
phatemic rickets with hypercalciuria: a case report. Orphanet J Rare Dis. 
2010;5:1.

 12. Richards S, Aziz N, Bale S, Bick D, Das S, Gastier-Foster J, et al. Standards 
and guidelines for the interpretation of sequence variants: a joint con-
sensus recommendation of the American College of Medical Genetics 
and Genomics and the Association for Molecular Pathology. Genet med. 
2015;17(5):405–24.

 13. Gong Y, Slee RB, Fukai N, Rawadi G, Roman-Roman S, Reginato AM, et al. 
LDL receptor-related protein 5 (LRP5) affects bone accrual and eye devel-
opment. Cell. 2001;107(4):513–23.

 14. Hasani-Ranjbar S, Ejtahed HS, Amoli MM, Bitarafan F, Qorbani M, Soltani 
A, et al. SLC34A3 Intronic deletion in an Iranian kindred with hereditary 
Hypophosphatemic rickets with Hypercalciuria. J Clin Res Pediatr Endo-
crinol. 2018;10(4):343–9.

 15. Brazier F, Courbebaisse M, David A, Bergerat D, Leroy C, Lindner M, et al. 
Relationship between clinical phenotype and in vitro analysis of 13 
NPT2c/SCL34A3 mutants. Sci Rep. 2023;13(1):85.

 16. Tieder M, Arie R, Bab I, Maor J, Liberman UA. A new kindred with heredi-
tary hypophosphatemic rickets with hypercalciuria: implications for 
correct diagnosis and treatment. Nephron. 1992;62(2):176–81.

 17. Chen C, Carpenter T, Steg N, Baron R, Anast C. Hypercalciuric hypophos-
phatemic rickets, mineral balance, bone histomorphometry, and thera-
peutic implications of hypercalciuria. Pediatrics. 1989;84(2):276–80.

 18. Colazo JM, Reasoner SA, Holt G, Faugere MCM, Dahir KM. Hereditary 
Hypophosphatemic rickets with Hypercalciuria (HHRH) presenting with 
genu Valgum deformity: treatment with phosphate supplementation 
and surgical correction. Case Rep Endocrinol. 2020;2020:1047327.

 19. Bergwitz C, Miyamoto KI. Hereditary hypophosphatemic rickets with 
hypercalciuria: pathophysiology, clinical presentation, diagnosis and 
therapy. Pflugers Archiv : Europ j physiol. 2019;471(1):149–63.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Family analysis and literature study of hereditary hypophosphatemic rickets with hypercalciuria
	Abstract 
	Background 
	Case presentation 
	Conclusion 

	Introduction
	Case presentation
	Discussion
	Conclusion
	Acknowledgements
	References


