
 

 

 University of Groningen

The International X-Linked Hypophosphatemia (XLH) Registry
Ariceta, Gema; Beck-Nielsen, Signe Sparre; Boot, Annemieke M.; Brandi, Maria Luisa; Briot,
Karine; de Lucas Collantes, Carmen; Emma, Francesco; Giannini, Sandro; Haffner, Dieter;
Keen, Richard
Published in:
Orphanet journal of rare diseases

DOI:
10.1186/s13023-023-02882-4

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
2023

Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):
Ariceta, G., Beck-Nielsen, S. S., Boot, A. M., Brandi, M. L., Briot, K., de Lucas Collantes, C., Emma, F.,
Giannini, S., Haffner, D., Keen, R., Levtchenko, E., Mӓkitie, O., Mughal, M. Z., Nilsson, O., Schnabel, D.,
Tripto-Shkolnik, L., Liu, J., Williams, A., Wood, S., & Zillikens, M. C. (2023). The International X-Linked
Hypophosphatemia (XLH) Registry: first interim analysis of baseline demographic, genetic and clinical data.
Orphanet journal of rare diseases, 18, Article 304. https://doi.org/10.1186/s13023-023-02882-4

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).

The publication may also be distributed here under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license.
More information can be found on the University of Groningen website: https://www.rug.nl/library/open-access/self-archiving-pure/taverne-
amendment.

Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.

https://doi.org/10.1186/s13023-023-02882-4
https://research.rug.nl/en/publications/24e30c47-4225-45a6-a96a-6f01fe7fc821
https://doi.org/10.1186/s13023-023-02882-4


Ariceta et al. 
Orphanet Journal of Rare Diseases          (2023) 18:304  
https://doi.org/10.1186/s13023-023-02882-4

RESEARCH Open Access

© The Author(s) 2023. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativecom‑
mons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Orphanet Journal of
Rare Diseases

The International X-Linked 
Hypophosphatemia (XLH) Registry: first interim 
analysis of baseline demographic, genetic 
and clinical data
Gema Ariceta1*  , Signe Sparre Beck‑Nielsen2,3, Annemieke M. Boot4, Maria Luisa Brandi5,6, 
Karine Briot7, Carmen de Lucas Collantes8,9, Francesco Emma10, Sandro Giannini11, Dieter Haffner12, 
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Abstract 

Background X‑linked hypophosphatemia (XLH) is a rare, hereditary, progressive, renal phosphate‑wasting disor‑
der characterized by a pathological increase in FGF23 concentration and activity. Due to its rarity, diagnosis may be 
delayed, which can adversely affect outcomes. As a chronic disease resulting in progressive accumulation of mus‑
culoskeletal manifestations, it is important to understand the natural history of XLH over the patient’s lifetime 
and the impact of drug treatments and other interventions. This multicentre, international patient registry (Interna‑
tional XLH Registry) was established to address the paucity of these data. Here we present the findings of the first 
interim analysis of the registry.

Results The International XLH Registry was initiated in August 2017 and includes participants of all ages diagnosed 
with XLH, regardless of their treatment and management. At the database lock for this first interim analysis (29 March 
2021), 579 participants had entered the registry before 30 November 2020 and are included in the analysis (360 chil‑
dren [62.2%], 217 adults [37.5%] and 2 whose ages were not recorded [0.3%]; 64.2% were female). Family history data 
were available for 319/345 (92.5%) children and 145/187 (77.5%) adults; 62.1% had biological parents affected by XLH. 
Genetic testing data were available for 341 (94.7%) children and 203 (93.5%) adults; 370/546 (67.8%) had genetic 
test results; 331/370 (89.5%) had a confirmed PHEX mutation. A notably longer time to diagnosis was observed 
in adults ≥ 50 years of age (mean [median] duration 9.4 [2.0] years) versus all adults (3.7 [0.1] years) and children 
(1.0 [0.2] years). Participants presented with normal weight, shorter length or height and elevated body mass index 
(approximately − 2 and + 2 Z‑scores, respectively) versus the general population. Clinical histories were collected 
for 349 participants (239 children and 110 adults). General data trends for prevalence of bone, dental, renal and joint 
conditions in all participants were aligned with expectations for a typical population of people with XLH.
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Conclusion The data collected within the International XLH Registry, the largest XLH registry to date, provide sub‑
stantial information to address the paucity of natural history data, starting with demographic, family history, genetic 
testing, diagnosis, auxology and baseline data on clinical presentation.

Keywords X‑linked hypophosphatemia (XLH), Hypophosphatemic rickets, Rare disease, International, Natural history, 
Osteomalacia, Patient registry, PHEX mutation, Fibroblast growth factor 23 (FGF23)

Background
X-linked hypophosphatemia (XLH) is a rare, hereditary, 
progressive, lifelong, phosphate-wasting disease result-
ing in continued accumulation of musculoskeletal mani-
festations [1]; however, it is still commonly perceived as 
a pediatric disease [2]. XLH has an estimated incidence 
of ~ 1 in 20,000–70,000, meeting the European Union 
definition of a rare disease (< 1 in 2000) [3–7]. In this dis-
ease, inactivating mutations in the phosphate regulating  
endopeptidase X-linked (PHEX) gene lead to pathologi-
cal elevations of the phosphaturic hormone fibroblast 
growth factor 23 (FGF23) [7]. Excess FGF23 activity 
leads to increased phosphate excretion by the kidneys 
and reduced phosphate absorption in the intestines due 
to low levels of 1,25 dihydroxy vitamin D (calcitriol), 
impairing bone mineralization and muscle function. In 
children, this manifests clinically as rickets, short and 
disproportionate stature, leg bowing, musculoskeletal 
pain, spontaneous dental abscesses and muscular dys-
function [7, 8]. In adults, continued phosphate wasting 
and hypophosphatemia leads to osteomalacia, insuffi-
ciency fractures and pseudofractures, early onset osteo-
arthritis and enthesopathy, as well as, for some, hearing 
loss and spinal stenosis. The early onset osteoarthritis is 
also thought to be a consequence of bone and joint defor-
mation during growth [1, 9, 10]. All people with XLH, 
irrespective of age, describe their condition as having a 
severe negative impact on their physical function, mobil-
ity and health-related quality of life [7, 11–14]. ‘Con-
ventional therapy’ for the treatment of XLH includes 
oral phosphate, given daily in multiple doses, and active 
vitamin D metabolites or analogues. In contrast to this 
conventional therapy, the recently licensed anti-FGF23 
antibody treatment, burosumab, targets the underlying 
pathophysiology of XLH by inhibiting and blocking the 
effects of FGF23, which restores phosphate homeostasis 
[15–18]. In 2018, burosumab was approved for the treat-
ment of children and adults with XLH by health authori-
ties in the United States and for children with XLH in the 
European Union. Burosumab was approved for the treat-
ment of XLH in children and adolescents 1–17 years of 
age with radiographic evidence of bone disease and in 
adults in the European Union in 2020 [17, 18], and it has 
recently been included in international clinical practice 

guidelines as part of the treatment armamentarium [15, 
19–21].

Despite XLH being recognized as a chronic, pro-
gressive rare disease with a high burden, there is still a 
paucity of data documenting its natural history and the 
impact of treatment and other medical interventions on 
patient outcomes [8]. Disease registries, such as the one 
described here, can help address this knowledge gap in 
XLH, as they allow long-term collection of data in the 
real-world setting. Real-world data are also important to 
enhance understanding of the natural history of XLH and 
the impact of alternative treatments, to identify suitable 
participants to enrol in future clinical trials and studies 
and to plan healthcare services [22]. Global clinical prac-
tice recommendations for the diagnosis and management 
of XLH call for the development of a comprehensive reg-
istry for children and adults with XLH to evaluate the 
natural history of the disease and the effects of treatment, 
not only complications [19].

The International XLH Registry is a non-interven-
tional, observational, real-world data collection pro-
gramme enrolling an intention-to-treat (ITT) population 
of children and adults with XLH, collecting retrospective 
and baseline data at registry entry and prospective data 
during follow-up [8]. This pharmaceutical-sponsored, 
rare-disease registry, with participating hospital centres 
across Europe and Israel, collects standard diagnostic 
and monitoring data, including (where applicable) diag-
nosis and disease progression history, family history and 
treatment regimens [8]. With an aim to recruit 1200 par-
ticipants, and running for 10 years, it is the largest XLH 
registry worldwide to date. The registry’s aims are to bet-
ter understand—and improve—life for people with XLH 
by characterizing disease progression and long-term out-
comes associated with XLH and its treatment, enhancing 
understanding of the natural history and disease burden 
of XLH, informing the development of future XLH treat-
ment, management guidelines and best practices and 
describing the effectiveness and safety of treatments used 
to manage the symptoms and sequelae of XLH [8].

We report here the findings from the first interim anal-
ysis of the International XLH Registry, describing the 
baseline demographic, diagnosis, family history, genetic 
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testing and initial clinical data for 579 children and adults 
included in this first data cut.

Methods
Registry identification
This rare-disease International XLH Registry has been 
registered with ClinicalTrials.gov, under the identifier 
NCT03193476 [23]. This registry was initiated in August 
2017 and gained its first national regulatory approval in 
September 2017; this was in the United Kingdom [8], 
with approval in other countries following shortly after. 
It aims to include 1200 children and adults with a con-
firmed diagnosis of XLH and will run for 10  years, at 
which point the sponsor may decide to continue (or dis-
continue) the registry, in agreement with the applicable 
regulatory authorities [8]. The sample size was based on 
evidence provided by clinical XLH experts across Europe, 
which suggested that 1200 participants would be suffi-
cient to enable robust research to be conducted on the 
data collected in the registry. XLH-treating hospital sites 
underwent a comprehensive screening process to mini-
mise biases and were invited to join the International 
XLH Registry.

Registry design
The rationale for and description of the International 
XLH Registry are described elsewhere [8]. Briefly, the 
International XLH Registry is an international, multi-
centre, non-interventional, observational collection of 
data in a real-world setting. It allows for the capture of 
clinical outcome variables and treatment details in par-
ticipants with XLH; participants are followed for as 
long as informed consent (and assent, where applicable) 
and regulatory permissions are maintained [8]. Only 
data collected during standard routine clinical visits 
and examinations are recorded within the International 
XLH Registry, and no specific examinations/data entries 
are mandated, although a core data set has been recom-
mended to participating centres [8]. Any drug therapy 
considered necessary for the participant’s welfare may be 
administered at the discretion of the treating physician; 
all such treatments and any changes that occur through-
out participation in the International XLH Registry can 
be recorded in the database [8].

Ethics
The International XLH Registry is performed in accord-
ance with the principles set out in the Declaration of Hel-
sinki [24, 25]. The registry protocol was approved at each 
participating site’s respective country level and/or locally 

by each site’s ethics committee. Participant information 
and informed consent were obtained locally from each 
participant (or their guardian) before inclusion in the 
International XLH Registry [8].

Participants in the first interim analysis
The International XLH Registry comprises people of all 
ages diagnosed with XLH, regardless of their sex, treat-
ment or management [8]. This first interim analysis of 
the data from the International XLH Registry (database 
lock: 29 March 2021) includes data from an ITT popu-
lation who had been entered into the registry prior to 
30 November 2020 and who had signed a consent form 
allowing for their data to be analysed prior to 29 March 
2021. At this data cut, participants’ data had been 
entered from hospital sites in 16 countries: Belgium, Bul-
garia, Denmark, France, Germany, Ireland, Israel, Italy, 
the Netherlands, Norway, Portugal, Slovakia, Slovenia, 
Spain, Sweden and the United Kingdom. Of note, partici-
pant data from Germany was taken from a single centre 
as part of an existing country-wide Kyowa Kirin Interna-
tional-sponsored investigator-initiated study (IIS). Partic-
ipants signed a consent form for the IIS which included 
transfer of patient data to the International XLH Registry.

Criteria for verifying a diagnosis of XLH
The diagnosis of XLH was based on the clinical judge-
ment of an XLH-treating expert physician, using infor-
mation such as family history and clinical, radiological 
and biochemical findings. Dependent on the hospital 
sites’ accessibility to any available genetic testing, where 
possible, diagnosis of XLH could also be confirmed by 
genetic testing (positive for a PHEX mutation). As this 
first interim analysis reports on the full ITT population 
enrolled in the International XLH Registry, a small num-
ber of genetically tested participants with non-PHEX 
mutations (n = 15; 2.6%) were included. Future analyses 
of the International XLH Registry will remove any par-
ticipants with non-PHEX mutations.

Data capture and processing
Data capture and data processing included results from 
genetic testing and other methods of diagnosis, patient 
demographics, clinical presentation of XLH, length/
height, weight and BMI. Analyses of data were descrip-
tive; length/height, weight and BMI were analysed by 
Z-score (WHO 2007/CDC reference values were used to 
calculate Z-scores). Data processing was carried out by 
the contracted research organisation IQVIA (Durham, 
NC, US). The authors contributed to the statistical analy-
sis plan and interpretation of the data.
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Results
Registry participant demographics
At the data cut, 753 participants had been screened, of 
whom 579 (76.9%) were eligible for inclusion in the anal-
ysis in accordance with the last date of inclusion (i.e., 
‘last patient in’ on 30 November 2020) and the presence 
of a signed valid consent form at the time of database 
lock on 29 March 2021 (‘enrolled participants’) (Fig.  1). 
Participants were from 81 hospital sites in 16 coun-
tries. Demographics and baseline characteristics of the 
enrolled population are presented in Table  1. In total, 
374 (64.6%) of this population were female; the popula-
tion comprised 360 (62.2%) children (< 18 years of age), 
217 (37.5%) adults and 2 (0.3%) female participants of 
unknown age, with a mean (standard deviation [SD]) 
age at registry enrolment of 9.5  (4.5) years in children 
and 41.9 (15.5) years in adults. Treatment data at regis-
try entry were available for 401 enrolled participants (281 
children, 118 adults, 2 female participants of unknown 
age). Among the children with available treatment data, 
114/281 (40.6%) were receiving conventional therapy 
(phosphate only, 20/114 [17.5%]; active vitamin D only, 
8/114 [7.0%]; phosphate plus active vitamin D, 86/114 
[75.4%]), 165/281 (58.7%) were receiving burosumab and 
2/281 (0.7%) were recorded as receiving no treatment. 
Among the adults with available treatment data at the 
time of registry entry, 99/118 (83.9%) were receiving con-
ventional therapy (phosphate only, 13/99 [13.1%]; active 

vitamin D only, 25/99 [25.3%]; phosphate plus active 
vitamin D, 61/99 [61.6%]), 13/118 (11.0%) were receiving 
burosumab and 6/118 (5.1%) were recorded as receiving 
no treatment.

Genetic testing and diagnosis
In those participants for whom genetic testing and/or 
diagnosis data were available (n = 546; 341 children, 203 
adults, 2 unknown age) (note that the 2 female partici-
pants of unknown age are not included in the participant 
numbers but are included in the total for whom data 
were available), results of a genetic test were available for 
370 (67.8%). Within this group, the proportion of par-
ticipants with genetic testing results was higher in chil-
dren (282/341 [82.7%]) than in adults (86/203 [42.4%]). 
Of those with a genetic test result, most had a confirmed 
PHEX mutation (253/282 [89.7%] children, 76/86 [88.4%] 
adults). In total, 15 non-PHEX mutations were reported: 
5 FGF23 mutations (4 children, 1 adult), 1 SLC34A3 
mutation in a child and 9 ‘other’ mutations (mutation 
not specified; 7 children, 2 adults). Of those participants 
tested (n = 368), 24 did not have a confirmed mutation 
(6.5%). At the time of database lock, 2 results had not 
been entered into the database.

Where a genetic test was unavailable at a hospital 
site, in this hereditary X-linked dominant disease, an 
unambiguous and obvious family history, together with 

Fig. 1 Screening and analysis of participant populations
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clinical and biochemical manifestations and radio-
graphic imaging, could appropriately confirm a diag-
nosis of XLH. Family history data were available for 
319/345 (92.5%) pediatric participants and 145/187 
(77.5%) adult participants. In children, the biological 
mother was reported to be affected in 164/319 (51.4%); 
the biological father was affected in 49/317 (15.5%); 
the mean number of siblings and other family mem-
bers affected were 0.7 and 1.3, respectively. In adults, 
56/140 (40.0%) reported that their biological mother 
was affected; 22/141 (15.6%) reported that their bio-
logical father was affected; the mean number of siblings 
and other family members affected were 0.7 and 1.3, 
respectively.

Diagnosis history (i.e., time from first symptoms to 
diagnosis) was calculable for 254 participants: in children 
(n = 199), the mean (median) was 1.0 (0.2) years and in 
adults (n = 55), 3.7 (0.1) years. Adults > 50  years of age 
(n = 13) had a longer time to diagnosis versus the other 
adult age cohorts: mean (median) 9.4 (2.0) years (Fig. 2).

Clinical presentation
Distribution of the different clinical conditions, by body 
system and age group, are presented in Tables 2, 3, 4 and 
5. The diagnosis of these clinical conditions was based on 
the clinical practice of local expert physicians.

Bone conditions
Skeletal symptoms and/or manifestations (genu varum, 
genu valgum, craniosynostosis, rachitic rosary or Chiari 
malformation) were the most frequently reported clinical 
problems for both the pediatric and adult participants in 
the registry (Table 2). Of those with data available, skel-
etal symptoms and/or manifestations were recorded for 
223/239 (93.3%) children/adolescents and 79/110 (71.8%) 
adults. No bone conditions were reported for the infant 
age group (< 1  year of age); genu varum and genu val-
gum were the most frequently reported issues across all 

Table 1 Participant demographics

Characteristic Participants (N = 579)

Sex, n (%)

 Female 374 (64.6)

 Male 205 (35.4)

Age, years, n (%)a (N = 577)

 Pediatric 360 (62.4)

  < 1 5 (0.9)

  1 to < 5 68 (11.8)

  5 to < 12 165 (28.6)

  12 to < 18 122 (21.1)

 Adult 217 (37.6)

  18 to < 30 56 (9.7)

  30 to < 50 96 (16.6)

  ≥ 50 65 (11.3)

Age at enrolment, years, mean (SD) [median]

 Overall 21.7 (18.7) [13.6]

  Pediatric 9.5 (4.5) [9.9]

  Adult 41.9 (15.5) [41.1]

Race, n (%)a (N = 577)

 White 374 (64.8)

 Black or African American 11 (1.9)

 Asian 6 (1.0)

 American Indian or Alaska Native 1 (0.2)

 Not applicable/not collected 
as per local regulations

143 (24.8)

 Unknown 27 (4.7)

 Other 15 (2.6)

Country, n participants enrolled (sites enrolled)

 Belgium 6 (4)

 Bulgaria 0 (2)

 Denmark 12 (5)

 France 141 (7)

  Germanyb 46 (1)

 Ireland 1 (1)

 Israel 0 (2)

 Italy 36 (10)

 The  Netherlandsc 18 (1)

 Norway 6 (3)

 Portugal 4 (5)

 Slovakia 0 (1)

 Slovenia 2 (1)

 Spain 38 (10)

 Sweden 35 (3)

 United Kingdom 234 (21)

Treatment distribution at baseline, n (%)a,d Pediatric
(N = 360)

Adult
(N = 217)

 Burosumab 165 (45.8) 13 (6.0)

 Conventional therapy only 114 (31.7) 99 (45.6)

 Untreated 2 (0.6) 6 (2.8)

 Not reported 79 (21.9) 99 (45.6)

Table 1 (continued)
N represents number of participants in the main categories: total pediatric 
participants, total adult participants and total participants. n represents the 
number of participants within each characteristic

Percentage denominators are the number of participants for whom data was 
reported in that category

SD standard deviation
a Age, race and treatment of 2 female participants not captured
b Data taken from a single centre as part of an existing country-wide Kyowa Kirin 
International–sponsored investigator-initiated study
c Data taken from a single centre as part of an existing and independent 
country-wide FGF23-related disease registry
d First data entry in the registry
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Fig. 2 Mean [median] time since first XLH symptoms until date of XLH diagnosis by age group (N = 254). XLH X‑linked hypophosphatemia

Table 2 Retrospective analysis of bone conditions and fractures by age group

N represents number of participants in the main categories: total pediatric participants, total adult participants and total participants. n represents the number of 
participants in the age groups within the main categories

Percentage denominators are the number of participants for whom data was reported in that category
a No bone or fracture data were available for infants (< 1 year of age; n = 5). These items were reported by adults as occurring in their childhood

Characteristics, 
n (%)

Children
1 to 
< 5 years

Children
5 to 
< 12 years

Adolescents
12 to 
< 18 years

Total 
pediatric 
participants

Adults
18 to 
< 30 years

Adults
30 to 
< 50 years

Adults
≥ 50 years

Total adult 
participants

Total

Bone  conditionsa n = 33 n = 112 n = 78 N = 223 n = 23 n = 36 n = 20 N = 79 N = 304

 Genu varum 27 (81.8) 74 (66.1) 42 (53.8) 143 (64.1) 15 (65.2) 17 (47.2) 10 (50.0) 42 (53.2) 187 (61.5)

 Genu valgum 1 (3.0) 47 (42.0) 30 (38.5) 78 (35.0) 9 (39.1) 6 (16.7) 6 (30.0) 21 (26.6) 99 (32.6)

 Craniosynos‑
tosis

3 (9.1) 24 (21.4) 18 (23.1) 45 (20.2) 0 2 (5.6) 1 (5.0) 3 (3.8) 48 (15.9)

 Rachitic rosary 4 (12.1) 13 (11.6) 5 (6.4) 22 (9.9) 2 (8.7) 1 (2.8) 0 3 (3.8) 25 (8.2)

 Chiari malfor‑
mation

3 (9.1) 3 (2.7) 2 (2.6) 8 (3.6) 0 0 0 0 8 (2.6)

Bone fractures n = 1 n = 3 n = 5 N = 9 n = 4 n = 18 n = 19 N = 41 N = 50

 Ribs 0 0 1 (20.0) 1 (11.1) 0 1 (5.6) 2 (10.5) 3 (7.3) 4 (8.0)

 Spine 0 0 0 0 0 0 3 (15.8) 3 (7.3) 3 (6.0)

 Forearm 0 0 0 0 0 2 (11.1) 0 2 (4.9) 2 (4.0)

 Hand/wrist/
fingers

1 (100) 0 1 (20.0) 2 (22.2) 0 2 (11.1) 4 (21.1) 6 (14.6) 8 (16.0)

 Hips 0 0 0 0 1 (25.0) 1 (5.6) 3 (15.8) 5 (12.2) 5 (10.0)

 Femur 0 0 2 (40.0) 2 (22.2) 2 (50.0) 10 (55.6) 10 (52.6) 22 (53.7) 24 (48.0)

 Tibia/fibula 0 2 (66.7) 1 (20.0) 3 (33.3) 1 (25.0) 6 (33.3) 4 (21.1) 11 (26.8) 14 (28.0)

 Ankle 0 0 0 0 0 2 (11.1) 0 2 (4.9) 2 (4.0)

 Feet 0 0 0 0 0 1 (5.6) 1 (5.3) 2 (4.9) 2 (4.0)

 Upper arm 0 1 (33.3) 0 1 (11.1) 0 1 (5.6) 0 1 (2.4) 2 (4.0)

 Pelvis 0 0 0 0 0 1 (5.6) 0 1 (2.4) 1 (2.0)
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Table 3 Retrospective analysis of dental conditions by age group

N represents number of participants in the main categories: total pediatric participants, total adult participants and total participants. n represents the number of 
participants in the age groups within the main categories

Percentage denominators are the number of participants for whom data was reported in that category
a No dental data were available for infants (< 1 year; n = 5)

Dental 
conditions, 
n (%)a

Children 1 
to < 5 years
(n = 6)

Children 
5 to 
< 12 years
(n = 54)

Adolescents 
12 to 
< 18 years
(n = 36)

Total 
pediatric 
participants
(N = 96)

Adults 18 to 
< 30 years
(n = 19)

Adults 30 to 
< 50 years
(n = 24)

Adults ≥  
50 years
(n = 11)

Total adult 
participants
(N = 54)

Total
(N = 150)

Tooth abscess 5 (83.3) 43 (79.6) 29 (80.6) 77 (80.2) 14 (73.7) 19 (79.2) 8 (72.7) 41 (75.9) 118 (78.1)

Excessive 
cavities

1 (16.7) 21 (38.9) 8 (22.2) 30 (31.3) 7 (36.8) 6 (25.0) 2 (18.2) 15 (27.8) 45 (29.8)

Extraction 
of adult teeth

0 5 (9.3) 3 (8.3) 8 (8.3) 2 (10.5) 5 (20.8) 5 (45.5) 12 (22.2) 20 (13.2)

Dental 
implant 
surgery (to 
replace miss‑
ing teeth)

0 0 0 0 0 4 (16.7) 2 (18.2) 6 (11.1) 6 (4.0)

Root canal 
surgery

0 1 (1.9) 2 (5.6) 3 (3.1) 2 (10.5) 4 (16.7) 5 (45.5) 11 (20.4) 14 (9.3)

Orthodontic 
treatment

0 3 (5.6) 2 (5.6) 5 (5.2) 0 1 (4.2) 1 (9.1) 2 (3.7) 8 (5.3)

Poor oral 
health

0 1 (1.9) 0 1 (1.0) 0 0 1 (9.1) 1 (1.9) 2 (1.3)

Enlargement 
of chamber 
evocating 
taurodontism

0 2 (3.7) 0 2 (2.1) 0 1 (4.2) 0 1 (1.9) 3 (2.0)

Presence 
of radiolucent 
alveolar bone 
images

0 0 1 (2.8) 1 (1.0) 0 0 0 0 1 (0.7)

Radiolucent 
dentine, den‑
tino–enamel 
junction

0 0 0 0 0 1 (4.2) 0 1 (1.9) 2 (1.3)

Gingivitis 0 1 (1.9) 3 (8.3) 4 (4.2) 1 (5.3) 0 0 1 (1.9) 5 (3.3)

Periodontitis 0 0 0 0 1 (5.3) 4 (16.7) 4 (36.4) 9 (16.7) 9 (6.0)

Oral implant 
failure

0 0 0 0 0 1 (4.2) 0 1 (1.9) 1 (0.7)

Recurring 
surgical 
outcomes

0 0 1 (2.8) 1 (1.0) 0 0 0 0 1 (0.7)

Table 4 Retrospective analysis of renal conditions by age group

N represents number of participants in the main categories: total pediatric participants, total adult participants and total participants. n represents the number of 
participants in the age groups within the main categories

Percentage denominators are the number of participants for whom data was reported in that category
a No renal conditions data were available for infants (< 1 year; n = 5)

Renal 
conditions, 
n (%)a

Children 1 
to < 5 years
(n = 5)

Children 
5 to 
< 12 years
(n = 30)

Adolescents 
12 to 
< 18 years
(n = 22)

Total 
paediatric 
participants
(N = 57)

Adults 18 to 
< 30 years
(n = 4)

Adults 30 to 
< 50 years
(n = 6)

Adults ≥  
50 years
(n = 3)

Total adult 
participants
(N = 13)

Total
(N = 70)

Nephrolithi‑
asis

0 2 (6.7) 0 2 (3.5) 0 2 (33.3) 1 (33.3) 3 (23.1) 5 (7.1)

Nephrocalci‑
nosis

5 (100) 30 (100) 22 (100) 57 (100) 4 (100) 5 (83.3) 2 (66.7) 11 (84.6) 68 (97.1)
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other age groups. Of those participants reporting bone 
conditions, genu varum and genu valgum were reported 
in 143/223 (64.1%) and 78/223 (35.0%) children/ado-
lescents, respectively, and in 42/79 (53.2%) and 21/79 
(26.6%) of adults, respectively. After reaching a peak 
in the 5– < 12  years age group, reported cases of genu 
varum and genu valgum appeared to decrease with age 
(Table 2). In adults, enthesopathy was recorded for 17/79 
(21.5%) participants with reported skeletal symptoms 

and/or manifestations. Craniosynostosis was reported in 
45/223 (20.2%) children/adolescents with reported skel-
etal symptoms and/or manifestations.

Historical fracture data (if the participant had experi-
enced a fracture or not) was captured as a separate data 
field. No differentiation was made in the data collection 
form between insufficiency or trauma fractures. Data 
were available for 72 children/adolescents in the reg-
istry, of whom 9 were reported to have had a fracture; 

Table 5 Retrospective analysis of joint conditions and orthopaedic surgery by age group

N represents number of participants in the main categories: total pediatric participants, total adult participants and total participants. n represents the number of 
participants in the age groups within the main categories

Percentage denominators are the number of participants for whom data was reported in that category
a No joint conditions data were available for infants (< 1 year; n = 5)

Characteristics, 
n (%)a

Children
1 to 
< 5 years

Children
5 to 
< 12 years

Adolescents
12 to 
< 18 years

Total 
pediatric 
participants

Adults 
18 to 
< 30 years

Adults 30 to 
< 50 years

Adults ≥  
50 years

Total adult 
participants

Total

Joint conditions 
(osteoarthritis)

n = 2 n = 2 n = 2 N = 6 n = 7 n = 14 n = 19 N = 40 N = 46

 Neck 0 0 0 0 0 0 3 (15.8) 3 (7.5) 3 (6.5)

 Spine 0 0 1 (50.0) 1 (16.7) 0 3 (21.4) 3 (15.8) 6 (15.0) 7 (15.2)

 Shoulder 0 0 0 0 2 (28.6) 2 (14.3) 5 (26.3) 9 (22.5) 9 (19.6)

 Wrist 1 (50.0) 1 (50.0) 0 2 (33.3) 1 (14.3) 0 1 (5.3) 2 (5.0) 4 (8.7)

 Hip 0 1 (50.0) 0 1 (16.7) 1 (14.3) 5 (35.7) 11 (57.9) 17 (42.5) 18 (39.1)

 Knee 1 (50.0) 0 1 (50.0) 2 (33.3) 5 (71.4) 8 (57.1) 11 (57.9) 24 (60.0) 26 (56.5)

 Ankle 0 1 (50.0) 0 1 (16.7) 2 (28.6) 0 3 (15.8) 5 (12.5) 6 (13.0)

 Foot 0 1 (50.0) 0 1 (16.7) 0 0 0 0 1 (2.2)

Orthopedic 
surgery

n = 3 n = 18 n = 31 N = 52 n = 26 n = 39 n = 34 N = 99 N = 151

 Craniotomy/
craniectomy

1 (33.3) 1 (5.6) 6 (19.4) 8 (15.4) 0 1 (2.6) 0 1 (1.0) 9 (6.0)

 Stapling 
of growth 
plates

0 14 (77.8) 13 (41.9) 27 (51.9) 5 (19.2) 0 2 (5.9) 7 (7.1) 34 (22.5)

 Fracture fixa‑
tion (plates/
screws)

0 0 4 (12.9) 4 (7.7) 0 4 (10.3) 3 (8.8) 7 (7.1) 11 (7.3)

 Fracture 
fixation (nails/
rods)

0 0 2 (6.5) 2 (3.8) 1 (3.8) 3 (7.7) 4 (11.8) 8 (8.1) 10 (6.6)

 Fracture fixa‑
tion, external

0 0 2 (6.5) 2 (3.8) 2 (7.7) 2 (5.1) 1 (2.9) 5 (5.1) 7 (4.6)

 Hip replace‑
ment

0 0 0 0 0 4 (10.3) 10 (29.4) 14 (14.1) 14 (9.3)

 Knee replace‑
ment

0 0 0 0 1 (3.8) 0 8 (23.5) 9 (9.1) 9 (6.0)

 Ankle replace‑
ment

0 0 0 0 0 1 (2.6) 2 (5.9) 3 (3.0) 3 (2.0)

Osteotomy 2 (66.7) 5 (27.8) 12 (38.7) 19 (36.5) 21 (80.8) 32 (82.1) 17 (50.0) 70 (70.7) 89 (58.9)

 Tibial torsion/
club foot cor‑
rection

0 1 (5.6) 1 (3.2) 2 (3.8) 0 0 0 0 2 (1.3)

 Leg lengthen‑
ing

0 2 (6.5) 2 (3.8) 3 (11.5) 2 (5.1) 0 5 (5.1) 7 (4.6)
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the others were confirmed as not having had a fracture. 
Fractures tended to occur in the tibia/fibula, wrist and 
femur. The data field was completed for 111 adults, of 
whom 41 were reported to have had a fracture. A femur 
fracture was declared for 22 adult participants: 2 in the 
18–30 years age group and 10 in each of the 30–50 years 
and ≥ 50  years age groups. Hip fractures were reported 
for 5 adults.

Dental conditions
Dental issues were the second most frequently reported 
problem in the clinical history of the participants 
(Table 3). Of the 239 children with available data, 96/239 
(40.2%) recorded dental/oral conditions. By far the most 
frequently reported dental problem was tooth abscess, 
which was consistently reported by approximately 80% of 
those with documented dental issues across all pediatric 
age groups (77/96 [80.2%] in the overall pediatric popu-
lation). Dental caries (excessive cavities) were reported 
for 30/96 (31.3%). Children/adolescents ≥ 5  years of age 
required more intensive interventions, such as extraction 
of adult teeth (8/96 [8.3%]), orthodontic treatment (5/96 
[5.2%]) and root canal surgery (3/96 [3.1%]).

Of the 110 adult participants with available data, 
54/110 (49.1%) reported dental/oral conditions; again, 
dental abscesses were the most frequently reported prob-
lem across all adult age groups (41/54 [75.9%]). The need 
for surgical interventions such as adult tooth extraction, 
root canal surgery and dental implant surgery increased 
with age; reports of caries tended to decrease (Table 3).

Renal conditions
Renal complications were reported in 57/239 (23.8%) 
children/adolescents and 13/110 (11.8%) adults (Table 4). 
In children, 57/57 (100%) participants with renal com-
plications reported nephrocalcinosis and 2 (3.5%) addi-
tionally reported nephrolithiasis. In adults, 11/13 (84.6%) 
participants with renal complications reported nephro-
calcinosis and 3/13 (23.1%) reported nephrolithiasis. No 
other renal conditions or complications were noted.

Joint conditions
Joint conditions were rarely reported for those children/
adolescents with clinical history data (6/239 [2.5%]); 
however, the presence of joint problems increased 
with age in all adults with clinical history data (40/110 
[36.4%]) (Table  5). For adults with reported joint prob-
lems (N = 40), osteoarthritis of the knees (60.0%), hips 
(42.5%) and shoulder (22.5%) were the most frequently 
reported. Presence of osteoarthritis was also reported in 
the youngest adult age group (18 to < 30 years), with the 
frequency of reports increasing with age (Table 5).

Orthopedic surgery
Details of historical orthopedic surgery were reported 
for 52/360 (14.4%) children and 99/217 (45.6%) adults 
(Table  5). In children/adolescents 5 to < 18  years of 
age, the most common procedures reported included 
hemiepiphysiodesis or guided growth treatment (sta-
pling of growth plates) (27/52 [51.9%]). Intensive inter-
ventions such as osteotomy to correct deformities were 
also reported (19/52 [36.5%]) in children/adolescents 1 
to < 18  years of age. Fracture fixation using plates, rods 
or external devices was reported for 4, 2 and 2 adoles-
cents (12 to < 18 years of age), respectively. Cranial sur-
gical treatment was noted in 8 children/adolescents 1 to 
< 18 years of age.

In adults, osteotomy was the most frequent surgical 
intervention, reported for 70/99 (70.7%) adults. Joint 
replacements were noted in adults only, with 14 hav-
ing had hip replacements (4 in the 30 to < 50  years age 
group, 10 in the ≥ 50  years age group), 9 having had 
knee replacements (1 in the 18 to < 30  years age group, 
8 in the ≥ 50  years age group) and 3 having had ankle 
replacements (1 in the 30 to < 50 years age group and 2 in 
the ≥ 50 years age group).

Auxological data
Length/height
Length (for non-ambulatory infants) and height (for 
ambulatory children) data were available for 306  chil-
dren/adolescents (115 boys and 191 girls). Given the 
quantity of data, average length/height was calculated 
for each 1-year age tranche from 1 to 18  years to plot 
growth curves for both males and females in the regis-
try; this was then compared with the yearly average male 
and female length/height in reference to World Health 
Organization (WHO) 2007 and Centers for Disease Con-
trol and Prevention (CDC) reference values. Z-scores 
were also calculated at each yearly time point based on 
the WHO 2007 reference values. Height data were avail-
able for 79 adults (24 males and 55 females). Adult data 
were analysed in a similar way for each of the pre-defined 
age groups (18 to < 30 years, 30 to < 50 years, ≥ 50 years). 
Data are shown in Fig.  3a for males and Fig.  3b for 
females. Absolute length or height tracked consistently 
below the WHO normal reference values from infancy 
throughout childhood and in adulthood for both males 
and females. Z-scores tracked and remained consist-
ent at approximately − 2 from 1 year of age and onwards 
throughout life.

Weight
Weight data were available for 326 children/adolescents 
(123 boys and 203 girls) and 96 adults (29 males and 67 
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Fig. 3 Distribution of length/height standard deviation scores at baseline by age for A males and B females. aAge (years) is plotted as a range, 
with each data point plotted at the range max. bData point is based on 1 participant. Recumbent length used for infants (< 1 year) and toddlers 
(1 to < 2 years), and standing height used for participants aged ≥ 2 years. SD standard deviation; WHO World Health Organization; XLH X‑linked 
hypophosphatemia

Fig. 4 Distribution of weight standard deviation scores by age for A males and B females. aAge (years) is plotted as a range, with each data point 
plotted at the range max. bData point is based on 1 participant. WHO 2007 reference ranges used for ages 1–120 months, and CDC reference ranges 
used for ages 121–240 months. CDC Centers for Disease Control and Prevention, SD standard deviation, WHO World Health Organization, XLH 
X‑linked hypophosphatemia
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females). Data were analysed in a similar way to length 
and height, with average and Z-scores compared with the 
WHO 2007/CDC reference ranges in 1-year tranches for 
1–18 years and for the 3 adult age groups for both males 
and females. Results and comparison to the WHO 2007/
CDC reference values are shown in Fig. 4a for males and 
Fig.  4b for females. For both sexes (males and females), 
absolute weight remained very close to the WHO/
CDC reference values throughout the lifespan, with the 
Z-scores also tracking closely to the WHO/CDC refer-
ence values for each age point.

Body mass index (BMI)
BMI was calculated for each participant as the ratio of 
weight divided by length or height (kg/m2). BMI data 
were available for 306 children/adolescents (116 boys 
and 190 girls) and 78 adults (23 males and 55 females). 
Average values and Z-scores were calculated in 1-year 
tranches for children (1–18  years of age) and for the 
3 adult age groups and compared with the BMI refer-
ence data according to WHO 2007. Results are shown 
in Fig.  5a for males and Fig.  5b for females. Due to the 
short stature exhibited across the lifespan in both sexes 
(male and female) of participants with XLH, together 
with a relatively normal weight in relation to the WHO/
CDC reference, the calculated BMI for all participants, 

irrespective of age or sex, tracked above the WHO 2007 
data set, with Z-scores tracking around the + 2 margin, 
declining slightly during adolescence and then increasing 
again in later life.

Discussion
The demographic and clinical characteristics of the par-
ticipants of the International XLH Registry data set are 
consistent with those reported in other XLH studies, case 
series and non-interventional programmes, all of which 
supplement the validity and generalizability of these 
results. Real-world data in rare diseases are essential to 
help understand the natural history of a disease and rec-
ognize treatment effectiveness beyond the efficacy shown 
in small clinical trials. In this publication of the first 
interim analysis from the International XLH Registry, 
the largest in the world reported to date, we describe the 
results of the analysis of baseline demographic, diagnosis, 
family history, genetic testing and clinical data. We also 
establish the validity, credibility and robustness of the 
registry as a data collection programme and real-world 
data set. We aim to drive future research questions that 
can be derived from the data set, such as prospective data 
trends.

In this International XLH Registry, the sex distribu-
tion for XLH was as expected for an X-linked dominant 

Fig. 5 Distribution of BMI standard deviation scores by age for A males and B females. aAge (years) is plotted as a range, with each data point 
plotted at the range max. bData point is based on 7 participants. cData point is based on 1 participant. BMI body mass index, SD standard deviation, 
WHO World Health Organization, XLH X‑linked hypophosphatemia
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disease, with females comprising over 64% of all par-
ticipants. As many initial hospital sites were primarily 
pediatric patient–treating centres, children constituted a 
major proportion of participants in this interim analysis; 
subsequent analyses should be more balanced as more 
adult-treating hospital sites enrol participants. Disease 
characteristics of adult patients with XLH differ from 
those of pediatric patients and it will be important to 
consider these differences in future analyses. Addition-
ally, there may differences in burosumab reimbursement 
and prescribing practices for differently aged patients. 
For example, burosumab was initially only approved 
in patients aged 1  year and older and adolescents with 
a growing skeleton, and burosumab may be more com-
monly prescribed in patients with more severe symp-
toms. These differences will need to be considered in 
future analyses of this registry.

This first interim analysis of the registry data included 
a relatively high number of participants from the UK 
and France (234 and 141, respectively). This could be 
explained by the higher number of participating sites in 
those countries, possibly as a consequence of increased 
centralization of services in those countries, higher hos-
pital site motivation and/or larger patient populations. 
As this may result in the registry being more representa-
tive of clinical practice and burosumab reimbursement in 
these countries than of all the participating countries as a 
whole, it will be important to consider differences in clin-
ical practice in the countries included in this registry in 
future analyses. For example, burosumab reimbursement 
was not uniformly available, and burosumab treatment 
may be limited to patients with more severe forms of 
XLH in some regions. The large data set and number of 
participating countries and hospital sites in the Interna-
tional XLH Registry make these data more generalizable 
to larger populations than previous smaller studies. There 
are many potential explanations for the differences in 
recruitment between different centres and countries (e.g., 
ethical board approval, healthcare systems, centralization 
of care for rare diseases, specific interests and connec-
tions of physicians/investigators); Germany, for example, 
already has its own ongoing pediatric XLH study, which 
may partially explain why fewer hospital sites in Ger-
many have enrolled in this International XLH Registry.

In this analysis, more children than adults had a genetic 
test for XLH documented in the data collection form. 
This result could be partially explained by an increased 
availability and awareness of the importance of genetic 
testing in these younger children to confirm the diagno-
sis, provide an assessment of patient outcome, support 
treatment decisions and help family genetic counsel-
ling. In contrast, there was a relative lack of availability 
of genetic testing when many older adults were initially 

diagnosed, and the older population may have been more 
often diagnosed through clinical, biochemical, radiologi-
cal and family history. In total, 15 of 579 participants in 
this first interim analysis of the International XLH Reg-
istry had confirmed non-PHEX mutations. It must be 
stressed that the International XLH Registry comprises 
an ITT population of all enrolled participants with sus-
pected XLH and includes real-world data available at 
the time of interim analysis. For this current analysis, 
the percentage of participants with a confirmed non-
PHEX mutation is small (2.6%) and as such is unlikely to 
affect the overall results. Future analyses will exclude this 
patient population.

In this analysis, more children had family history data 
collected than adults. This may be explained by the 
increased awareness of the disease and the importance 
of these data for accurate diagnosis. Family history can 
be used as a diagnostic tool and to help guide decisions 
about genetic testing for the participant and at-risk fam-
ily members. A full genetic pedigree can also capture 
details about the health of multiple generations. This 
information can be important in diagnosing an inherited 
condition such as XLH, revealing the pattern of inherit-
ance and informing clinical decisions regarding genetic 
testing and management of affected participants.

In this analysis, time to diagnosis from first symptoms 
was shorter in children and younger adults than in older 
adults. This may be a consequence of increased knowl-
edge of XLH, improved healthcare systems and access to 
XLH specialists and a more recent focus on XLH and its 
genetic origin (PHEX). Indeed, current guidelines are aid-
ing earlier diagnosis in younger populations. Of course, 
further improvements can still be made, for example, the 
call to encourage routine serum phosphate testing when 
encountering children with short stature. There is still no 
general routine set of laboratory tests for the diagnosis of 
XLH. There is also a lack of consensus regarding therapy 
in adults [2].

We observed a very high number of skeletal symptoms 
and manifestations in participants with XLH, even in 
young adults, which is consistent with other studies of 
the disease [1–4, 6, 9, 13, 26]. There was a high prevalence 
of lower limb deformity requiring corrective surgery in 
children and in adults. Fractures were more common 
in adults; indeed, large bone fractures (e.g., femur, hip, 
pelvis) were mainly reported in adults, being present in 
young adults and generally increasing with age. Femur 
fractures were most frequent, and hip fractures were 
reported in adults < 50 years of age and increased with age 
(> 70 years) [27]. These findings in this International XLH 
Registry are consistent with previously published data in 
XLH; Javaid et al. found that 43.3% of adults across all age 
bands (≥ 18  years) reported a previous fracture, which 
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increased to > 65% in adults > 60 years of age. Femur was 
the most common fracture type, along with the foot [1]. 
This compares with 41/111 (36.9%) adults with frac-
tures in this registry; more than half (53.7%) had previ-
ous femur fractures. However, a Danish study found a 
decreased relative risk of fracture among 38 patients with 
hypophosphatemic rickets compared with controls: 0.34 
(95% confidence interval 0.20–0.57, P = 0.001) [10].

Orthopedic interventions were reported in children 
and adults in the International XLH Registry. The most 
common procedure in children 5 to < 18 years of age was 
hemiepiphysiodesis, or guided growth therapy, as well as 
osteotomy to correct deformities. In adults, osteotomy 
was the most frequent intervention; hip and knee joint 
replacements were common in adults < 50  years of age, 
as reported in other studies [1, 10]. Some surgeries are 
needed to treat unresolved childhood disease [9], with 
early interventions able to correct or prevent deformities, 
which helps to improve long-term outcomes. Craniosyn-
ostosis was reported in 20.2% of children with reported 
skeletal symptoms and/or manifestations. In several stud-
ies investigating the burden of XLH, craniosynostosis was 
not reported [1, 9, 28]. However, Skrinar et al. confirmed 
craniotomy and craniectomy in 3.3% of children and 6.0% 
of adults surveyed, which may have been performed to 
treat craniosynostosis, and the presence of Chiari mal-
formations (7.8% in both children and adults) [9], which 
could have occurred as a result of craniosynostosis [29].

In this registry, dental conditions were frequently 
reported in children (40.2%) and adults (49.1%) with 
available data. The need for surgical interventions and 
dental implant surgery increased with age, while reports 
of caries actually tended to decrease. A possible explana-
tion for this observation may point to the fact that adult 
participants may have fewer remaining teeth (due to 
previous tooth loss/extraction), therefore dental caries 
would be impossible for non-existent dentition. Dental 
conditions could also have been under-reported, as den-
tal treatments are typically performed by the participants’ 
dentist, and their records may not have been available 
for the physician treating the participant’s general XLH. 
Indeed, a survey by Nguyen et  al. [30] noted that many 
participants did not receive adequate support for dental 
conditions and experienced a disorganized care pathway, 
which may have led to difficulties in collection of patient 
data. The etiology of dental conditions in XLH is unclear, 
and the impact of treatment is uncertain. Research in a 
pre-clinical Hyp (PHEX mutant) mouse model revealed 
that enamel volume was reduced, dentine was mal-
formed and hypomineralized and the alveolar bone was 
hypomineralized, showing a disorganized structure and 
increased bone volume [31]. Dental abscesses were a 
common complaint of children in this registry. This is 

certainly consistent with the data published by Nguyen 
et  al., who found that dental abscesses were a cause of 
intense pain, altered smile and problematic chewing—all 
contributing factors to the reduced quality of life of par-
ticipants with XLH. This highlights the need for special-
ized care by dental experts aware of the role of XLH in 
dental conditions and for early intervention to reduce 
later complications [30].

Absolute length or height of registry participants 
tracked consistently below the WHO normal refer-
ence values from infancy throughout childhood and 
into adulthood for both males and females. However, 
an outlier to this pattern was observed in a single male 
participant of 18 years of age, whose height approached 
the WHO reference range. This discrepancy may have 
been due to the national origin of the participant in 
question: the Netherlands, a country where the aver-
age height of the population is higher compared with 
the rest of the world. This highlights the differences in 
growth references between countries [32] and raises 
an important question about considering standardized 
versus national measures when analysing international 
data. This issue will be explored and addressed in future 
analyses in this registry. Nonetheless, what is clear in 
all patients with XLH is that longitudinal growth is 
diminished, with longitudinal growth statistically lower 
than WHO 2007/CDC reference ranges from ≥ 1  year 
of age [33].

High BMI has been reported in other studies of popu-
lations of patients with XLH. One third of children in an 
XLH population in France were reported to be overweight 
or obese [34], and adolescents and adults with XLH in 
Austria had a mean elevated BMI, with 35.0% reported 
as being overweight and 30.0% as obese [35]. However, 
data collected in this registry have shown that children 
and adults combine shorter stature with ‘normal’ weight, 
leading to an elevated BMI. Another potential contribu-
tor to elevated BMI could be due to the participant’s pro-
portionally shorter lower limbs: since the torso is heavier 
than the legs, it would be expected that the torso would 
contribute a greater proportional weight. In addition, 
XLH has an effect on mobility, fatigue, pain and muscle 
weakness; this may result in reduced mobility and activ-
ity, which could in turn lead to a more sedentary lifestyle. 
In consideration of all the possible contributory factors, 
these length/height, weight and BMI findings reinforce 
the need for more research in patients with XLH to deter-
mine whether traditional methods of measuring BMI are 
appropriate and whether alternative methods could be 
explored. High BMI may contribute to increased mortal-
ity in XLH [26], and it would be relevant to conduct more 
research into why patients with XLH do develop weight- 
and obesity-related metabolic complications.
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Several XLH registries are ongoing, but, to our knowl-
edge, no results have been published in peer-reviewed 
journals to date. SUNFLOWER (Japan/South Korea) [36] 
and the Disease Monitoring Program (United States/
Latin America) [37] are industry-sponsored, with others 
organized by academic/medical societies (e.g., the Euro-
pean Reference Network on Rare Bone Diseases [ERN 
BOND] [38]). SUNFLOWER is a longitudinal, observa-
tional cohort study in 160 Asian participants with XLH 
(initiated in April 2018, with registration remaining open 
until 30 April 2022; the planned follow-up is 5 years) [36]. 
It will be important to compare the results and outcomes 
of these other ongoing studies with this International 
XLH Registry of participants of European and Israeli 
descent.

This registry does have some limitations. As with all 
observational registries, there were no requirements for 
mandatory data completion, and some registry data were 
not yet recorded for some parameters at the time of data 
cut. Some countries and hospitals did not record all vari-
ables as part of their standard clinical practice, and these 
data, as per the ‘entry’ in the Electronic Data Capture 
database, would have been recorded as ‘Missing’ data. 
This highlights the need to refine the Electronic Data 
Capture database: differentiation is needed to determine 
the exact nature of data not entered, for example ‘Data 
not reported yet’ versus ‘Data missing (i.e., lost/irretriev-
able)’. This ‘Missing’ data is a potential source of bias and 
could limit the generalizability of the findings; for exam-
ple, if the data are not missing at random but are due to 
data availability/data collection practices from individual 
countries or clinical sites. It will be necessary to report 
and consider missing data, including any patterns pre-
sent, when conducting future analyses. Nonetheless, 
useful conclusions can still be drawn from such a large 
volume of data.

An additional limitation of the registry is that the diag-
nosis of clinical conditions is based on the local practice 
of expert physicians. While this ensures that the registry 
accurately reflects the real-world treatment of patients 
with XLH in the participating countries, the lack of cen-
tral definitions of diseases or diagnosis practices may 
result in regional differences in diagnostic practice or cri-
teria. This in turn may lead to regional variability in the 
diagnosis, and therefore, reporting of clinical conditions.

In addition to limitations due to the nature of rare-
disease registries, there may be different findings, not 
only related to XLH itself, but to changes in practice over 
time; for example, even within the past 2 years, updates 
in guidance and practice have been published [20, 39], 
some of which are country-specific [20]. Differences 
between children and adults with XLH may exist due to 
changes in therapy, changes in other treatments (such as 

surgery) and, more recently, a greater awareness of XLH 
and treatment-related complications.

Although strict inclusion criteria were specified in the 
International XLH Registry, participants were entered 
into the database by healthcare professionals in good 
faith that participants had a confirmed XLH diagnosis. 
The interim analysis of the International XLH Registry 
described here includes the ITT population of all par-
ticipants who signed initial consent forms. A genetic test 
was not a mandated inclusion criterion. When the data 
were analysed, we found a small number of participants 
with confirmed non-PHEX mutations. Although we must 
accept the possibility of misdiagnosis in a real-world set-
ting, the inclusion in the registry of a small number of 
participants who had a confirmed non-PHEX mutation 
emphasizes the need to perform a full family and genetic 
history of each affected participant to ensure correct 
diagnosis. All participants will be followed up as part of 
the registry (unless they withdraw consent) and will be 
reported in subsequent analyses of patients with ‘con-
firmed’ XLH on conventional therapy or burosumab.

The baseline data from such a large data set corrobo-
rate other studies and observations [33] and also show 
that, even with early diagnosis and medical management, 
children with XLH are still not thriving as they should. 
Questions do still remain, such as whether high BMI 
translates into morbidity or shortened survival compared 
with the general population [40], and how the chronicity 
of problems affect participants’ life courses, as previous 
studies have suggested that patients with XLH do have 
a shortened survival [26]. The long-term data that this 
registry will supply will hopefully provide more informa-
tion to help answer these questions, thus will be useful 
in helping to address the paucity of disease natural his-
tory and treatment data in XLH. The ultimate aim of the 
registry is to provide evidence to support and improve 
patient outcomes in the long term.

Conclusions
We describe here the first interim analysis of the base-
line data from the International XLH Registry, which 
holds the largest data set of participants with XLH in the 
world to date. The demographic and clinical character-
istics of this data set are consistent with those reported 
in other XLH studies, case series and non-interventional 
programmes, all of which add to the general validity and 
generalizability of these results. A good proportion of 
participants have a strong family history and/or genetic 
diagnosis, especially children. This is a robust data set 
that will mature and increase over time, growing and 
extending in terms of numbers, countries, hospital sites 
and prospective follow-up data. Future analyses will seek 
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to provide new data on the progressive, accumulative 
nature of this disease as well as new insights describing 
the impact of the different treatment options for XLH 
that are now in the current treatment armamentarium.
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