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Abstract

Summary This systematic review collated evidence on the burden of XLH in adults. Data captured highlight the substantial
ongoing burden of XLH in adulthood and identified unmet needs. Greater awareness and understanding of the impact of XLH in
adulthood are needed to improve care and outcomes in adults with XLH.

Introduction X-linked hypophosphataemia (XLH) is a rare metabolic bone disease characterized by renal phosphate wasting and
musculoskeletal manifestations. Whilst the disease’s impact in children is well documented, information on the effects of this
progressive, debilitating condition on adults is lacking. This systematic review aimed to collate existing evidence on the burden of
XLH in adulthood to identify unmet needs.

Methods MEDLINE, Embase and Cochrane Library databases and recent congress reports were searched on 19 February 2019
for English-language publications describing the medical, humanistic and socio-economic impact of XLH in adults (> 18 years
old). In addition, a structured Internet search was conducted.

Results Of'the 2351 articles identified, 91 met the selection criteria along with 44 congress abstracts. Data show that adults with
XLH experience a range of clinical manifestations, particularly skeletal deformities and (pseudo)fractures, along with pain, dental
abnormalities and impaired physical function and mobility. XLH in adulthood impacts on quality of life and places limitations on
daily activities. The level of healthcare resource utilization among adults with XLH is indicative of substantial socio-economic
burden; further research is needed to quantitate the economic impact on the healthcare system, society and patients. Adults with
XLH may not receive appropriate care and treatment; a possible explanation for this is a lack of awareness among healthcare
professionals.

Conclusion XLH in adults is associated with considerable disease burden and unmet needs. Forthcoming studies and increased
awareness of the impact of XLH in adulthood should help to improve management of XLH in adulthood and patient outcomes.

Keywords Familial hypophosphataemic rickets - Illness burden - Quality of life - Systematic review - Unmet needs - X-linked
hypophosphataemia

Introduction

Electronic supplementary material The online version of this article
(https://doi.org/10.1007/s00198-020-05548-0) contains supplementary
material, which is available to authorized users.

X-linked hypophosphataemia (XLH; OMIM: #307800) is a
rare, genetically determined metabolic bone disease [1]. It is
59 P. Harvengt characterized by renal phosphate wasting and altered mineral
pol.harvengt@gmail.com metabolism, which cause a diverse range of clinical manifesta-

tions including skeletal and dental abnormalities that first be-
Orthopedic Institute, Konig-Ludwig Haus, University of Wiirzburg, ~ come apparent during early childhood [2, 3]. XLH is caused by

Wiirzburg, Germany mutations in the phosphate-regulating gene with homologies to
> Kyowa Kirin International, Galashiels, UK endopeptidases on the X chromosome (PHEX), which lead to
3 Royal National Orthopaedic Hospital, Stanmore, UK elevated circulating concentrations of the phosphatonin fibro-

4 RVRH-XLH, French association of patients with XLH (a member of blast growth faCtor.Z:s _(FGF23) [1, 2]. Elevated FGF_23 levels
the International XLH Alliance), 20 rue Merlin de Thionville, Appt affect bone mineralization and skeletal development via several
120, 92150 Suresnes, France mechanisms [4]. These include chronic hypophosphataemia
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and inappropriate (low to low normal) levels of active vitamin
D (1,25-dihydroxyvitamin D), as well as local, autocrine/
paracrine mechanisms that are not yet fully elucidated [4].

In children, XLH presents as a broad range of clinical man-
ifestations including rickets and associated limb deformities,
impaired growth, pain and dental abnormalities, which togeth-
er result in reduced health-related quality of life (HRQoL) [3,
5, 6]. Focus in clinical practice is on the management of the
disease during childhood, while the skeleton is still develop-
ing, with treatment aiming to improve growth and reduce
skeletal deformities [2, 3]. Until recently, standard treatment
for children with XLH consisted of active vitamin D ana-
logues (calcitriol or alfacalcidol) and multiple daily doses of
phosphate until growth was complete [2, 3]. Burosumab, a
fully human monoclonal antibody against FGF23, is now ap-
proved conditionally in Europe for the treatment of XLH with
radiographic evidence of bone disease in children 1 year of
age and older and adolescents with growing skeletons [7].
XLH in adulthood has received less clinical attention; there
is currently no consensus regarding the use of conventional
supplementation therapy in adults, although treatment of
symptomatic adults is recommended [8], and no disease-
specific treatments are approved for adults with XLH in
Europe. However, burosumab is approved for both adult and
paediatric use in several countries outside of Europe,
including the USA, where it is indicated for the treat-
ment of XLH in adults and children 6 months of age
and older [9]. There is increasing recognition that XLH
imposes a substantial clinical burden in adults [6, 10,
11]. In addition, several large studies have confirmed
reduced HRQoL in adults with XLH [12—-14], but this
evidence has not been compiled. There is a need to col-
late data on the burden of XLH during adulthood, in-
cluding the social, psychological and financial challenges
that adults with XLH experience, to support wider adop-
tion of appropriate treatment beyond adolescence and to
improve patient outcomes.

The aim of this systematic review was therefore to collate
existing evidence on the humanistic and economic burden of
XLH in adults to gain an understanding of the unmet needs
associated with the disease in adulthood.

Methods

There were two parts to this analysis: a systematic review of
the published medical literature and a structured Internet
search to capture additional sources of evidence. Initial litera-
ture searches were broad in scope, owing to the expected low
frequency of publications on XLH in adulthood. Search terms
used were designed to capture all available information on
XLH.
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Systematic literature review

A systematic review of the literature was performed in accor-
dance with the 2009 Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines [15]. All
publications including data pertaining to the unmet needs of
adults with XLH published in English before 19 February
2019 were included. Publications containing information on
children and adults were included only if results were present-
ed separately for adults. Case studies, cohort studies, cross-
sectional studies, randomized controlled trials and narrative
review articles were included.

Literature searches

Searches of the following databases were performed using
Ovid on 19 February 2019: Embase (covering publications
from 1974 to the present), Ovid MEDLINE (covering publi-
cations from 1946 to the present) and the Cochrane Library,
comprising the Cochrane Database of Systematic Reviews,
the Database of Abstracts of Reviews of Effects, the
Cochrane Central Register of Controlled Trials, the
Cochrane Methodology Register, the National Health
Service Economic Evaluation Database, the Health
Technology Assessment database and the American College
of Physicians Journal Club Archives. Abstracts from all con-
ferences held in the previous 5 years (February 2014 to
February 2019) available in the Northern Light Life
Sciences Conference Abstracts database were searched man-
ually. Search terms for the systematic review are presented in
Supplementary Table S1.

Selection of eligible publications

Titles and abstracts of publications captured in the searches
were screened by a reviewer for potential relevance to the
topic of interest based on predefined eligibility criteria.
Eligible publications were those containing information on
the epidemiology and/or humanistic burden of XLH in adults
(> 18 years old), as well as those including evidence on the
economic burden associated with XLH in adulthood.
Uncertainties regarding relevance were resolved by a second
reviewer after initial screening. Relevant publications for in-
clusion were then confirmed by reviewing the full text of all
publications meeting the eligibility criteria at title/abstract
screening.

Data extraction

Data from the full text of publications meeting the inclusion
criteria were extracted into an Excel workbook. Information
on publication type, study design, sample size, participant
demographics (including, if available, country, sex, average
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age, age at occurrence of first XLH manifestation and at diag-
nosis of XLH and treatment information), history of clinical
manifestations and procedures and use of pain medication was
extracted. Data on the following were also captured: the im-
pact of XLH on HRQoL, home life, work and education,
history of use of assistive devices for disability, home modi-
fications, economic burden of the disease, epidemiology, dis-
ease awareness and any other data considered by the reviewer
to pertain to the unmet needs of adults with XLH. Publications
that reported on the same study were grouped at this stage to
avoid repetition in the reporting of results. Where both a jour-
nal article and congress abstract(s) were published on a spe-
cific study, only data from the article are presented. Where
two congress abstracts reported data from different patient
cohorts from the same study that had not been published as
a journal article, both sets of data are presented, with the com-
mon source study noted. Aspects of XLH in adulthood report-
ed in the research and case study publications were assessed to
identify common themes.

Assessment of evidence quality

Non-clinical trial research studies (cohort and cross-sectional
studies) were evaluated for quality of evidence using the
Newecastle-Ottawa Scale (Supplementary Table S2) [16].

Structured review of sources of evidence on the
Internet

The systematic review was augmented by a structured Internet
search, which was conducted using Google on 8 March 2019.
The search terms used in the structured Internet search are
presented in Supplementary Table S3. Sources of information
on the unmet needs of adults with XLH that were not included
in the systematic review were identified from websites cap-
tured in the search by a single reviewer, with any uncertainties
regarding relevance resolved by a second reviewer. Any data
considered by the reviewer to be relevant to the topic of inter-
est were extracted from these sources into an Excel workbook.

Results

The PRISMA diagram for the selection of eligible publications
is shown in Fig. 1. Overall, 135 publications met the criteria for
inclusion (91 journal articles and 44 conference abstracts).
Among the 91 journal articles, there were 40 case study pub-
lications (which described a total of 56 adults with XLH), 32
research articles (including 17 cohort studies, 13 cross-
sectional studies and two clinical trials; reported sample sizes
ranged from 2 to 134 adults with XLH) and 19 review articles.
Quality of evidence from the non-clinical trial research studies
was rated as good, satisfactory and poor for 6 [17-22], 14 [10,

11, 23-34] and 10 [35-44] studies, respectively. Of the 44
conference abstracts, 13 described case studies (which includ-
ed 12 adults with XLH not described in the journal articles), 27
described research studies (reported sample sizes ranged from
5 to 195 adults with XLLH) and four were reviews.

The research and case study publications identified in this
systematic review predominantly reported on three aspects of
XLH in adulthood: (1) XLH-related manifestations and pro-
cedures, (2) clinical management and awareness of XLH in
adults and (3) impact of XLH on quality of life. The numbers
of publications reporting on these aspects are shown in Fig. 2.
Limited data on the epidemiology of XILH were reported [40,
45]. None of the publications specifically assessed the eco-
nomic impact of XLH in adults on the healthcare system or
society.

XLH-related manifestations and procedures

Most (n =48/59) research publications described the clinical
manifestations of XLH. Of these, 24 publications covering 20
distinct studies reported the percentage of participants who
had experienced specific manifestations (Table 1). The clini-
cal features of XLH in adults reported in these studies com-
prised musculoskeletal manifestations (such as limb abnor-
malities, short stature, osteoarthritis, osteomalacia, fractures,
muscle weakness, enthesopathy, joint stiffness and spinal ste-
nosis), dental problems, pain, ambulation difficulties (includ-
ing impaired mobility and gait disturbance), renal complica-
tions, fatigue, hyperparathyroidism, loss of balance, hearing
loss and tinnitus. Structured assessments of physical perfor-
mance were not reported. Concerning the musculoskeletal
burden of XLH in adults, one cohort study reported a high
prevalence of pseudofractures (45%; n=10/22), as well as a
high prevalence of early-onset osteoarthritis and enthesopathy
in 55% and 33% of patients younger than 30 years, respec-
tively [36]. In patients 30—66 years of age, the prevalence of
osteoarthritis and enthesopathy were as high as 80% and
100%, respectively [36]. Pain was often documented in the
studies; the proportion of participants experiencing pain (of
any type) varied widely between the studies, ranging from 45
(n=9/20) in a phase 1/2 clinical trial [50] to 100% (n = 17/17,
[38] n=18/18) [41] in a cohort study and an interview-based
study. Hypertension was reported in one research publication;
27% (n= 6/22) of adult patients in that retrospective chart
review had a history of hypertension [27]. Few publications
discussed differences in disease severity between men and
women; however, a retrospective cross-sectional study in 52
adults with XLH rated as good quality found that women had
fewer sites of enthesopathy and were less likely to have severe
dental disease than men [20]. Available data consistently dem-
onstrated stunted growth in both men and women (Table 1).
Limited data were available on body constitution (weight,
body mass index [BMI] and body fat percentage); however,
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Fig. 1 PRISMA diagram of included and excluded references. PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-Analyses

when reported, mean or median BMI was over 25 kg/mz,
suggesting a possible predisposition to adiposity and being
overweight (Table 1) [18, 20, 34, 48].

Data on clinical manifestations in 68 adults with XLH were
also reported in case study publications, which generally fo-
cused on specific manifestations or complications and did not
provide comprehensive medical histories. The most frequent-
ly reported manifestations were limb deformity (» =37), pain
(n=30), short stature (n =30) and impaired mobility (n =22;
Supplementary Fig. S1).

In the research studies with available data on surgical pro-
cedures, a high proportion of adults with XLH (> 57%) report-
ed a history of orthopaedic surgeries (Table 1). In a phase 3
clinical trial, a history of orthopaedic surgery was reported in
69% (n=92) of 134 patients (65% female), even though most
of them (81%) had received conventional supplementation
therapy with phosphate and/or active vitamin D metabolites
or analogues during childhood [12]. Data relating to the ap-
propriateness of this therapy in individual patients were not
available. In addition, 68% of these patients were receiving
analgesics at baseline, and 22% were taking opioids [12]. In a
web-based survey of 150 adults with XLH (information on
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sex was not reported), 65% (n=97) reported at least one or-
thopaedic surgery, including osteotomy (63%), knee replace-
ment (12%) and hip replacement (8%) in their medical history
[14]. Current phosphate/vitamin D therapy was reported by
62% of the individuals in the study [14].

Clinical management and awareness of XLH in adults

Several publications that included information relating to clin-
ical management indicated that many adults with XLH stop
receiving treatment and may not be followed up after child-
hood [2, 3, 14, 53]. For example, in a survey of 150 adults
with XLH published in 2015, 38% of the respondents were
not receiving phosphate/vitamin D at the time of participation
in the study, despite 97% of all respondents reporting bone or
joint pain [14]. Limited information on the level of awareness
of XLH in adults among clinicians was reported in the litera-
ture; however, this emerged as a key theme highlighted by
numerous authors of publications included in the systematic
review [33, 54-61].

Complications associated with conventional supplementa-
tion therapy were reported inconsistently, although hyperpara-
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Fig. 2 Number of research and case study publications (n=112) that
include specific aspects of XLH in adulthood. Research study articles/
conference abstracts (n = 59) and case study articles/conference abstracts

thyroidism and nephrocalcinosis were described in several
publications (Fig. 2) [14, 23, 29, 38, 62—71]. In one example,
out of 150 adults with XLH who responded to a web-based
survey, hyperparathyroidism and nephrocalcinosis were re-
ported by 33% and 25%, respectively [14]. All of the individ-
uals who reported these conditions were receiving phosphate/
vitamin D at the time of the survey [14]. Data on how com-
plications were managed were also sparse. However, six cases
of parathyroidectomy being recommended following the de-
velopment of tertiary hyperparathyroidism were documented
in the case studies [53, 62, 63, 65, 69, 70].

Prescription pain medication use by adults with XLLH was
documented in two research studies, in which approximately
70% of participants were receiving pain medication of some
type and 18 to 22% of all participants were taking opioids
(Table 1) [12—14]. The use and effectiveness of supportive
treatment measures such as physiotherapy, occupational ther-
apy and exercise interventions were not consistently reported.

Impact of XLH on quality of life
Impact on HRQoL and pain
HRQoL and/or pain in adults with XLH, as assessed using

validated instruments, were reported in 14 publications de-
scribing eight distinct studies (Table 2). These data

48 49

33 |

M Research studies
[ Case studies

(n=53) were included in this analysis. HRQoL, health-related quality of
life; QoL, quality of life; XLH, X-linked hypophosphataemia

demonstrated that XLH had a substantial and wide-ranging
negative impact on HRQoL in adulthood, particularly relating
to physical function and pain. For example, baseline scores
relating to physical aspects of the 36-item Short-Form Health
Survey (SF-36) and the Western Ontario and McMaster
Universities Osteoarthritis Index (WOMAC) indicated poor
HRQoL in 28 adults with XLH participating in a clinical trial
[76]. In a larger, phase 3 clinical trial, 72% of 134 participants
reported Brief Pain Inventory (BPI) worst pain scores of
higher than 6.0, indicating severe pain [12]. Furthermore, a
study of 24 adults with XLH reported more severe impairment
in every domain of the 5-level EuroQol 5-dimension (EQ-5D-
5L) questionnaire relative to normative data [11]. In that pub-
lication, mobility problems were recorded by 88% of partici-
pants compared with 26% of the general population; pain and
discomfort were recorded by 92% of participants compared
with 42% of the general population sample. When these indi-
viduals with XLH were compared with adults with osteogen-
esis imperfecta (n =43) or fibrous dysplasia (n =42), overall
HRQoL was found to be similar across all three groups, with
adults with XLH more likely to have experienced problems
with mobility, self-care and usual activity than those with the
other conditions [11].

HRQoL among adults with XLH (n = 52) participating in a
paired cohort study was significantly worse than that of age-
matched adults with axial spondyloarthritis (z = 52), a chronic
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rheumatological condition known to substantially reduce
HRQoL [10]. Specifically, average scores on the visual ana-
logue scale (VAS) for pain, the Physical Component
Summary (PCS) of the SF-36 and the Routine Assessment
of Patient Index Data 3 (RAPID3) reflected significantly
poorer HRQoL among participants with XLH than those with
axial spondyloarthritis (VAS pain, 50.0 vs 36.0; SF-36 PCS,
49.5 vs 58.3; RAPID3, 12.1 vs 8.9 for patients with XLH and
axial spondyloarthritis, respectively; all p <0.05). Health
Assessment Questionnaire (HAQ) scores, which relate to
functional disability and pain in rheumatic diseases, were sim-
ilar in both groups of patients. For the adults with XLH in the
study, HRQoL was found to deteriorate with increasing age
[10]. Treatment with phosphate and vitamin D was signifi-
cantly associated with better mental health, as measured by
the Mental Component Summary of the SF-36, although not
with other aspects of HRQoL [10].

Impact on home life and work

A negative impact of XLH on the home and work lives
of adults with the disease was noted in several publica-
tions [13, 23, 24, 41, 50, 60, 78-81]. In interviews with
18 adults with XLH about their symptoms and function-
al limitations, participants reported that the condition
had an impact on their work (n=14) and housework
(n=12), as well as their ability to get dressed (n=10),
go shopping (n=10), do laundry (n=10) and other ac-
tivities of daily living [41]. Additionally, several studies
recorded the use of assistive devices for mobility among
adults with XLH and/or highlighted a need for home
modifications [13, 29, 41, 56, 78-82]. There was limit-
ed information available on the psychological impact of
living with XLH or how the disease and its associated
limitations affect partnership and family life. In the in-
terviews with adults with XLH, two-thirds of the 18
participants reported feelings of sadness or depression
[41].

Inability to work was found to be associated with
both dental and psychosocial problems in a retrospective
study of 23 adults with XLH [23]. Another study noted
that unemployment and early retirement were more fre-
quent among adults with XLH than in the general pop-
ulation [24]. None of the studies investigated the fre-
quency with which adults with XLH need to take time
off work as a consequence of the disease. Limited direct
evidence was available regarding the financial burden of
XLH on individuals. However, a cross-sectional study
on dental health that included 36 adults with XLH in
Denmark (rated as good quality) suggested that the high
level of dental care received by adults with XLH repre-
sents a substantial economic burden carried by patients
[19].

@ Springer

Evidence from the structured Internet search

A total of 19 web-based sources were identified from the
structured Internet search (Supplementary Fig. S2), covering
a wide range of topics including clinical manifestations and
procedures, lack of disease awareness, complications associ-
ated with conventional supplementation therapy, family plan-
ning and financial pressure (Supplementary Table S4). These
sources were distinct from those in the scientific literature as
they contained testimonials from adults who had XLH them-
selves, as well as additional details from studies identified in
the systematic review. For example, a congress poster describ-
ing results from a web-based survey included additional anal-
yses to those presented in the published abstract [14, 83]. The
poster reported that in 165 adults with XLH (median age
[range], 45 [18-46, 48, 50, 5371, 76, 78-84] years), average
scores on the WOMAC were higher for pain (39.4 vs 14.1),
stiffness (50.2 vs 20.1) and physical functioning (40.9 vs 15.4)
than those reported in the general population, indicating
poorer HRQoL [83]. Use of a walking device was reported
by 32% of these individuals.

Discussion

XLH in adults has received little attention, owing to the rarity
of the disease and a clinical focus on management of the
condition in children [2, 3]. This systematic review collated
evidence relating to the burden of XLH in adulthood, demon-
strating substantial unmet need. Data show that adults with
XLH experience a spectrum of clinical manifestations that
impair physical function, cause pain and reduce HRQoL [6,
10-12, 14, 36, 41, 76]. Consequently, these individuals fre-
quently suffer a high burden of disease that has an impact on
their home and work lives [23, 24, 41]. Despite this, many
adults with XLH do not receive appropriate therapy, including
symptomatic and supportive measures as well as conventional
supplementation with phosphate and active vitamin D [2, 3,
8]. A plausible hypothesis is that this may indicate a lack of
awareness among healthcare professionals and/or young
adults with XLH of the need for ongoing specialist care and
treatment in adulthood.

Data collated in the systematic review demonstrate the di-
versity of manifestations associated with XLH in adulthood, as
well as the lifelong and progressive nature of the disease.
Owing to abnormalities in childhood skeletal development,
adults with XLH tend to be short and may have skeletal defor-
mities and gait abnormalities [ 14, 36, 41, 50], with osteoarthritis
developing as a consequence of both disease-specific metabolic
alteration and long-term weight bearing on misaligned joints
[6]. Pain, dental problems and hearing loss are reported with
higher frequency in adults than in children [6, 36]. In addition,
adults with XLH experience manifestations associated with
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chronic hypophosphataemia and ongoing osteomalacia that are
not typically reported in children [4, 6, 36]; these include frac-
tures and pseudofractures, extraosseous calcifications, stiffness
and impaired mobility [10, 12, 14, 36, 50]. Together, these
manifestations contribute to a substantial burden of disease in
adults with XLH.

The physical and psychological challenges of living with
XLH extend beyond the direct effects of these clinical mani-
festations. Factors such as limited mobility, chronic pain and
fatigue may have far-reaching consequences on mental well-
being considering how they are likely to affect participation in
sports and leisure activities [84]. This may also explain why
people with XLH are often overweight, as suggested by the
reports of mean or median BMI over 25 kg/m2 [18,20, 34, 48].
Furthermore, the psychological burden of living with a disor-
der that affects physical appearance should be considered.
Thus, it is important to ensure continuous healthcare for adults
with XLH from a coordinated multidisciplinary team, includ-
ing physical therapy and mental health support where appro-
priate [8]. There are currently insufficient data in the medical
literature on how to quantify and monitor functional deficits in
adults with XLH, and the associated impacts on home and
work lives. Considering the significant impact of physical abil-
ity on perceived quality of life, development of standards for
assessing these aspects in adults with XLH is crucial. Such
standards would enable clinicians to evaluate individual patient
needs, inform treatment strategies and support longitudinal
monitoring of disease progression and treatment outcomes.

The level of healthcare resource utilization among adults
with XLH, including high frequencies of medical complica-
tions, surgical interventions and prescription medication usage
[6, 12, 14], is indicative of significant economic burden.
However, research is needed to establish the true economic
impact on the healthcare system, society and the individual. In
addition, robust long-term observational studies are needed to
extend our understanding of the evolution of disease burden
over an individual’s lifetime and identify potential risk factors
for declining physical function. To build on the growing
HRQoL evidence base, future clinical trials in adults with
XLH should include appropriate patient-reported outcome
measures as endpoints. Further research characterizing the
wide-ranging effects of the disease from the patient perspec-
tive, including the support received from families, friends,
employers and wider society, will provide a comprehensive
picture of the impact of XLH on the lives of adults with the
condition. Research focusing on the clinical management and
awareness of XLH in adults is also warranted. This should
include studies to evaluate the impact and potential shortcom-
ings of specific treatment strategies and studies to determine
optimal assessments for measuring physical performance and
disease burden in clinical practice.

The findings from this systematic review provide insights
into the unmet needs associated with XLH in adulthood;

however, several limitations should be considered, including
the generally low quality of available evidence. Notably, al-
though there have been very few clinical trials conducted in
adults with this rare disease, the evidence from two-thirds of
the non-randomized study publications included in this review
was rated as satisfactory or good in the formal quality assess-
ment performed. While case study publications are often nar-
row in scope, with few documenting comprehensive medical
histories, these publications provided a rich source of qualita-
tive information highlighting the broad nature of symptoms
that adults with XLH experience. In addition, insights cap-
tured from narrative reviews, which are not typically included
in systematic reviews, were considered important in this study
given the rarity of XLH and the lack of data on aspects such as
disease awareness. Other limitations include the heterogeneity
of available data, in terms of study design and patient demo-
graphics, and the range of terminology used to describe symp-
toms, treatments and procedures, both of which preclude di-
rect comparisons being made across different studies. Despite
these limitations, this review provides a comprehensive sum-
mary of current evidence on the unmet needs of adults with
XLH.

Data captured in this systematic review highlight that XLH
in adulthood is associated with considerable disease burden
and diminished quality of life, with individuals often
experiencing severe pain, early onset osteoarthritis and pro-
gressive disability. There are key areas of unmet need and
further research is needed to quantify the associated socio-
economic burden of XLH in adults and improve the multidis-
ciplinary management of XLH in adults. It is plausible that the
apparent lack of awareness among healthcare professionals
and patients themselves of the need for ongoing disease man-
agement in adulthood contributes to the burden of disease.
Increasing understanding of the impact of XLH in adulthood
may facilitate continuity of multidisciplinary care for individ-
uals as they transition from paediatric to adult services, and
thereby improve outcomes.
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