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Abstract

Context: X-linked hypophosphatemia (XLH) is a rare, genetic phosphate-wasting dis-
ease resulting in bone, muscular, and dental problems, beginning in childhood and
increasing in adulthood.

Objective: This qualitative analysis aimed to explore patient-reported symptoms, com-
plications, and experiences of XLH over the life-course, using data from a large multi-
national online survey.

Methods: Responses to 2 open-ended questions from 209 adults and 86 children/ado-
lescents (proxy report) with self-reported XLH were analyzed in 8 age groups. Two re-
searchers independently coded and analyzed the responses, using thematic analysis,
with differences settled among a multidisciplinary group. Six themes were identified,
with age subgroup analysis conducted on the 3 most common, according to coding
frequency.

Results: Within theme 1, “Clinical Signs and Symptoms of XLH,” “Pain” was a dominant
subtheme across the life-course, but “Skeletal Pathology” dominated the responses of
children/adolescents. Within theme 2, “Impacts of Clinical Signs and Symptoms,” inter-
ference with “Physical Exertion” and “Emotional Wellbeing” (comprising depression/
anxiety in adults and lack of self-esteem in children/adolescents) was reported across all
ages. For theme 3, “Negative Treatment Experiences,” “Medication” was problematic for
children, with adults reporting lack of “Access to Appropriate Treatment.” Three further
themes were identified: “Resilience,” “Positive Treatment Experiences,” and “Information
Needs.”

Conclusion: The multiple burdens imposed on people with XLH throughout their life-
time encompassed the physical, emotional, and social, although the most challenging
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symptoms or complications differed between ages. Burden was further exacerbated by
adults’ lack of access to appropriate treatment, illustrating the need for age-appropriate

multidisciplinary care.

Key Words: quality of life, rare disease, cross sectional survey, qualitative research

X-linked hypophosphatemia (XLH) is a rare, genetic,
phosphate-wasting disease caused by inactivating muta-
tions in the phosphate regulating endopeptidase homolog,
X-linked (PHEX) gene, which causes hypophosphatemia and
ultimately leads to impaired bone and dental mineralization
and suboptimal growth, muscle development, and function
[1]. Clinical manifestations of XLH usually begin in early
childhood, once infants begin to weight-bear [2]. Phosphate
deficit compromises skeletal development, resulting in lower
limb deformities and shortened stature, as well as increased
propensity for dental abscess [1-3]. As a result, most children
with XLH have an abnormal gait, some delayed motor mile-
stones, and experience pain [4]. Overall emotional wellbeing
may be affected, and children may have difficulties with at-
tendance and participation in school [5].

With the fusion of the growth plates during puberty,
the skeletal deformities become permanent, often requiring
corrective surgery [6, 7]. The development of subsequent
morbidities has deleterious impacts on multiple body sys-
tems into adult life [4, 8]. Even for young adults, musculo-
skeletal morbidities can include pseudo-fractures, fractures,
osteoporosis, osteoarthritis, osteophytes, enthesopathy, and
spinal stenosis [9-11]. In a global survey of people with XLH,
44% of adult responders indicated a history of fracture and
the mean (SD) age at first fracture was 26.4 (15.7) years;
46% and 27% of respondents reported osteophytes and
enthesopathy, respectively, with the frequency of reporting
increasing with age [4]. These reports may be an underesti-
mate, as patients may not be aware of having these compli-
cations when self-reporting; other adult study populations
have reported prevalence of these symptoms in the region of
61% to 85% [11]. These clinical morbidities have consider-
able impact on mobility, physical functioning, ability to per-
form daily activities, emotional wellbeing, and social/family/
work life [4, 8, 12]. Moreover, pain and quality of life (QOL)
physical functioning in adults with XLH was reported as sig-
nificantly worse when compared with adults with another
chronic skeletal disease (axial spondyloarthritis) [13].

A thematic analysis conducted on responses received
during a 2018 UK National Institute for Health and Care
Excellence online public consultation provided the first
analysis of the lived experience of XLH across the lifetime.
Asked about the burdens of XLH symptoms and treat-
ment, conventional therapy (phosphate and calcitrol) was
frequently reported as a burden for children, along with

dosing regimen, adherence, distress, and pain. During ado-
lescence, the burden became increasingly complex and
multifactorial, with psychological factors dominating. In
adults, the burdens of conventional therapy are discussed
with frequency, along with bone deformity and orthopedic
surgery, pain, mobility, fatigue, and dental problems [5].

A multinational online “XLH Burden of Disease” survey,
completed by adults and children (by proxy) with XLH, was
launched in June 2014 across 16 countries. Results of the pri-
mary analyses, presented and published in the Journal of the
Endocrine Society, have already provided important insights
into the impact of living with XLH [4]. However, participant
responses to additional bespoke questions were not analyzed.
These additional questions allowed participants to provide,
in their own words, descriptions of symptoms and complica-
tions of XLH that most interfered with their lives, along with
the option to report anything else about their experiences of
living with XLH. Physicians treating people with XLH have
anecdotally reported the importance of understanding the
symptoms and complications that are prioritized by patients.
The objective of the present analysis was to qualitatively ex-
plore the symptoms, complications, and other experiences re-
sulting from XLH reported within the survey and describe
specifically how these change over the life-course.

Methods
Data Collection

The survey was designed by Ultragenyx Pharmaceutical
Inc., in partnership with the patient advocacy group The
XLH Network Inc., and it comprised validated patient-
reported outcome measures, details of which are published
elsewhere [4], and open-ended bespoke questions, offered
in English, German, Portuguese, French, and Spanish.
Adults with XLH and caregivers of children with XLH
were recruited through the sponsor, The XLH Network
Inc., and clinicians. Respondents were asked to confirm
diagnosis of XLH and whether a genetic confirmation of
diagnosis (PHEX mutation) had been received; diagnosis
was not verified with medical records [4]. This manuscript
details the qualitative analysis of the responses to the fol-
lowing open-ended questions aimed at adults (18-65 years)
and parents/carers of children and adolescents (1-17 years)
with XLH:
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Q1: “List the three symptoms or complications from
XLH that interfere most with your life/with your
child’s life”

Q2: “Is there anything else you would like us to know
about your disease/your child’s disease?”

Analysis

From the original survey sample (n = 232 adults with XLH;
n = 90 parents/carers), participants were excluded from the
present analysis if they reported currently taking or having
ever taken burosumab [14].

Therefore, the sample for qualitative analysis included
90% of adult survey respondents (n=209) and 96% of
proxy respondents for children and adolescents (n = 86),
with 27 responses requiring translation into English (20
French, 6 Spanish, 1 Portuguese).

The responses collected in MS Office Excel were up-
loaded into NVivo software v12 [15] and analyzed by a
multidisciplinary team of physicians and researchers, using
hybrid deductive and inductive thematic analysis [16, 17].
All responses from both questions were analyzed together
due to the rich variety of information provided in answer
to the 2 questions, relating to symptoms, complications,
and other experiences. The analysis stages comprised (Fig.
1): (1) Familiarization with data involving an initial read
through of individual participant responses, noting early
codes and emerging themes; (2) code generation and re-
view involving the creation, merging and renaming of
codes; (3) theme generation and review focusing on per-
ceived meaning and patterns in the data at the more ex-
plicit or semantic level; and (4) subgroup analysis of the
3 main themes according to 8 predefined age groups (1-4,
5-12,13-17,18-29, 30-39, 40-49, 50-59, 60 + years). This
provided a quantification of the content [18] according to
the number of code references assigned under the themes

Code generation and review
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Figure 1. Process of qualitative data analysis.

or subthemes, reported as frequencies and reported de-
scriptively. Parallel coding of 20% of the data by a second
researcher and review of codes by the team aimed to facili-
tate open discussion about the interpretation and meaning
of the responses, which can potentially improve the con-
sistency or reliability of the coding and analysis [19].
Quotes are accompanied with ID number, sex, and age
group to highlight diversity of the sample.

Results

Table 1 illustrates the demographics of the respondents.
The majority of the 295 adults and children were based
in the United States (59%, n=174) and female (70%,
n =207), with the 40-49 years category forming the lar-
gest age group (21%, n = 61) followed by 5-12 years (17%,
n=351). Fig. 2 outlines 6 themes, subthemes, and codes.
Participants reported a myriad of symptoms, complications,
and consequences of XLH that interfered with their lives.
These were grouped together according to 3 main themes
(1) “Clinical Signs and Symptoms of XLH,” (2)“Impacts of
Clinical Signs and Symptoms,” and (3) “Negative Treatment
Experiences,” which together comprised 95% (n = 1171) of
total code references. These themes were present across all
ages (Fig. 3) and subgroup analysis was conducted according
to the quantification of codes grouped under each theme
and presentation of their relative distribution across each
age category. Due to the inductive nature of the analysis,
3 additional themes were also identified, which explored
wider patient-reported experiences of living with XLH:
(4) “Resilience,” (5)“Positive Treatment Experiences,” and
(6) “Information Needs.” These themes accounted for a mi-
nority of total code references (n = 65); therefore, subgroup
analysis by age was not deemed appropriate.

Theme 1: Clinical Signs and Symptoms of XLH

The theme of “Clinical Signs and Symptoms of XLH” com-
prised 6 subthemes: “Pain,” “Skeletal Pathology,” “Dental
Problems,” “Stiffness,” “Muscle Weakness,” and “Other
Physical Complications,” most of them featuring across
the life-course (Fig. 4). However, their relative distribution
(according to code reference frequency) varied by age cat-
egory. For children (1-4 and 5-12 years) and adolescents
(13-17 years), the subtheme of “Skeletal Pathology” (eg,
bone/ joint impairments, short stature) dominated (43 %-
52%) as illustrated:

Bones are so weak won’t hold rods and they have
had to be removed. Cannot put more back in (ID
252, M, 5-12).

Her bowed legs and waddle gait make it difficult to
run with other children (ID279, F, 1-4).
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Table 1. Participants With XLH—Demographics

Age group (years) Sex (n) Region (n)

Female Male Total USA EU Rest of world Total
1-4 5 10 15 7 2 6 15
5-12 29 22 51 25 13 13 51
13-17 13 6 19 9 6 4 19
18-29 17 10 27 18 3 6 27
30-39 36 9 45 25 11 9 45
40-49 48 13 61 39 16 6 61
50-59 33 13 46 28 15 3 46
60+ 26 S 31 23 4 4 31
Total 207 88 295 174 70 51 295

Problems relating to “Skeletal Pathology” were less fre-
quently reported by adults (14%-22% relative code
frequency across adult age groups), in comparison to re-
ports of “Pain” (43%-57%), the most frequently reported
symptom. “Pain” was also reported frequently in the
child and adolescent proxy respondents (28%-34%), but
less frequently than skeletal pathology. According to fur-
ther subgroup analysis conducted on this subtheme (Fig.
5), in children and adolescents, the pain most frequently
reported was bone pain (33%-40%). In adults, joint pain
became more prominent than bone pain (34%-45%).
Some respondents provided details of pain triggers, such
as physical activity, weather changes, or menstruation as
illustrated below:

The only pain I feel daily is joint pain in my legs and
back when I wake up in the mornings, and knee pain
from my left leg being slightly more curved, even
after the osteotomy. The severe pain throughout my
entire legs, however, occurs regularly with menstru-
ation, and more irregularly with weather change and
after extensive walking (ID149, F, 18-29).

The pain in ber legs during running and after she is
done (ID243, F, 5-12).

The subtheme of “Dental Problems” was present throughout
the life-course (7%-18%) (Fig. 4), described by respond-
ents as abscesses, loss of teeth, and tooth pain, which often
required excessive and costly dental work.

Loss of teeth/constant gum abscesses ongoing from
10 years old (ID 175, M, 30-39).

“Stiffness” was a subtheme that started to feature in adoles-
cent proxy responses (3%) and increased notably in adult
responses (12%-15%), with reports from young adults a
similar frequency to those in the oldest age group (Fig. 4).
The reports were often mentioned alongside pain, particu-
larly in the older adults; however, 1 respondent stressed the
uniqueness of stiffness.

My issues are with stiffness NOT pain. Stiffness is on
both right and left legs and feet. One side is not more
stiff than the other (ID78, E, 60+).

Theme 2: Impacts of Clinical Signs and
Symptoms of XLH

Theme 2, “Impacts of Clinical Signs and Symptoms of
XLH,” contained the subthemes of: “Functional Impact
of Skeletal Pathology,” “Emotional Wellbeing,” “Financial
Burden,” “Impacts on Daily Living,” “Impacts on Family,”
and “Social Impacts” (Fig. 6). The “Functional Impacts
of Skeletal Pathology” was the most frequently reported
subtheme across all age groups (39%-70% relative code fre-
quency across ages). Further subgroup analysis undertaken
by age (Fig. 7) identified that in children and adolescents,
“Physical Exertion” (60%-67%), such as difficulties with
running and excessive fatigue and tiredness, were reported
more frequently than impact on “Movement”(33%-40%).

Difficulty running and sometimes walking without
tripping over pigeon-toed feet. Gets tired and in pain
when we walk too far (ID288, M, 1-4).

In adults, impact on “Movement” (40%-61%) was reported
with similar frequency to “Physical Exertion” (39%-59%).

Limited range of motion in hips - just can’t do things
TLused to be able to do. This didn’t start until my early
30s (ID79, E, 30-39).

The subtheme of “Emotional Wellbeing” was identified
across all age groups (5%-28%) (Fig. 6), although the par-
ticular complications differed according to age. Proxy re-
sponses for both children and adolescents described lack of
self-esteem or being self-conscious.

We’re dealing most with self-esteem right now “I
can’t run as fast as so-and-so,” “I'm slower than
everyone else,” “I want to be taller” (ID256, F, 5-1).
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Clinical Signs and Symptoms of XLH
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weight management
advice,

family/friends trials

Figure 2. Themes, subthemes, and codes.

Multiple emotional difficulties were reported across adult-
hood, including depression, anxiety, and frustration. Young
adults (18-29 years) also described worries about the future.

I feel stuck in a cycle of diminishing activity due to
pain and stiffness that leads to weight gain and de-
pression (ID19, E, 50-59).

Sadness because my legs hurt all the time and 1 never
have fun anymore because of it (ID133, E, 30-39).

The subtheme of “Social Impacts” was less frequently re-
ported relative to some of the other subthemes (2%-18%)
but was of clear concern to some respondents (Fig. 6).

These were most notable in the descriptions of the ado-
lescents (18%), particularly in relation to feeling different
from peers. They reported teasing and bullying either due
to physical appearance, or the inability to do the same ac-
tivities as peers.

Feeling down when excluded from vigorous activ-
ities, because peers think he is too slow or not able
(ID 218, M, 13-17).

While not so frequently reported relative to the other
subthemes, adults also described difficulties in intimate re-
lationships and social isolation.
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Figure 4. Theme 1: Clinical signs and symptoms of XLH, relative distri-

bution of subthemes, analyzed by age. Figure 6. Theme 2: Impacts of clinical signs and symptoms of XLH, rela-

tive distribution of subthemes, analyzed by age.

As soon as a relationship becomes serious and infor- . o .
) .p T f XLH, and the untold impacts on the siblings who did not
mation about my genetic condition is shared, such as

. . . have XLH.
the fact that 1 will pass this condition on to all my fe-
male children, complications arise with the relation- Two of my three children have XLH and that has
ship (ID90, M, 18-29). taken a toll, physically and emotionally (ID09, F, 60+).

The subtheme “Impacts on Family” (5%-18%) related to One proxy respondent of an adolescent listed her own ex-
the genetic nature of the condition and sadness and frus-  periences of living with XLH as one of the complications
tration that multiple generations of family members had ~ interfering most in her child’s life.
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Figure 7. Functional impacts of skeletal pathology subtheme (Theme 2),
relative code frequency distribution, analyzed by age.

Having a mother with XLH pain (ID211, F, 13-17).

Some described the anguish caused by this reality and one
man felt strongly that his choice not to have children was
a moral one. Some women were concerned about the phys-
ical burden of pregnancy and birth.

I worry about the stress of pregnancy on my joints,
especially my bips and knees (ID139, F, 18-29).

Theme 3: Negative Treatment Experiences

The theme “Negative Treatment Experiences” comprised
the 4 subthemes of: “Access to Appropriate Treatment,”
“Diagnosis,” “Negative Experiences of Medication” and
“Negative Experiences of Surgery” (Fig. 8). “Negative
Experiences of Medication” were reported across all
ages, most notably in children and adolescents (60%-
78%), but also featuring in the responses of adults (5%-
56%). Child and adolescent proxy respondents described
the challenges of frequent medication doses, while adults
tended to focus on describing side effects from conven-
tional medication.

Medical care every 6 hours- phosphate (ID 258,
5-12).

In order to avoid the chronic diarrboea during work
or social functions, I skip my medication (ID139, F,
18-29).

Issues relating to “Access to Appropriate Treatment” were
reported frequently in adults (22%-68%). Respondents de-
scribed their frustration and anguish due to the perceived

Relative sub-theme code distribution (%)

1-4 512 13-17 1829  30-39 4049 50-59 60+
(10) (24) ©) (13) sy (19) (24 ©

Age group in years'

B Access to appropriate treatment M Negative experiences of medication

¥ Diagnosis Negative experiences of surgery

"Numbers in brackets represent the total number of codes assigned to the theme, within each age category

Figure 8. Theme 3: Negative treatment experiences, relative distribu-
tion of subthemes, analyzed by age.

lack of knowledge, interest, and understanding among
doctors and dentists about XLH and suitable treatment.
Although some child and adolescent proxy respondents
commented on this issue, it was minimal in comparison to
complaints about medication.

After we turned 18, our doctors, who we considered
practically family, did not help us, or guide us, to
where or what we needed to do as adults with XLH
(ID170, E, 30-39).

My daughter also reports a flashing pain which the
doctor says is in her head (ID266, E, 13-17).

With the exception of 1 age category (30-39 years),
“Negative Experiences of Surgery” were reported to some
degree across all age categories (0%-25%). Respondents
described the burden of frequent and serious operations or
complications resulting from surgery.

Pain due to recent growth plate stapling-2 weeks ago.
Loss of range of motion following 8-plate surgeries
(ID 231, F, 5-12).

The operations I had to straighten my right leg caused
nerve damage, I think this is why I take more pain-
killers and feel worse (ID37, E, 18-29).

Some respondents, mainly in the older age groups, de-
scribed challenges in receiving an XLH diagnosis, resulting
in “misdiagnosis” and/or being “diagnosed late.”

I feel like I get treated for this issue, or that issue,
with no connection between them (ID50, M, 40-49).
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Theme 4: Resilience

The theme
“Coping Strategies” and “Accustomed to the Condition.”

“Resilience” comprised 2 subthemes:
Participants described a range of “Coping Strategies”;
some of these were psychological in terms of working
to maintain a positive attitude in the face of extreme

adversity.

I may be dissatisfied but overall, I'm a very happy
person who loves life and makes the most of it (ID86,
E 60+).

Despite being ridiculed while growing up, short stature,
and pain that interfered with relationships and job oppor-
tunities, 1 respondent stated:

Despite issues of chronic pain, limited range of mo-
tion, reduced recreational activities I try to main-
tain an attitude of acceptance, minimize depression
and focus on being a compassionate and kind
bhuman being. Meditation and some daily walking
with my dog also provide emotional benefits (ID
73, M, 60+).

Other strategies described by respondents related to making
efforts to stay active.

I participate in non-weight bearing water sports
regularly and I feel this has helped relieve pain and
stiffness and kept my muscles strong (ID86, F, 60+).

The subtheme of “Accustomed to the Condition” was also
identified as an alternative form of resilience, as respond-
ents described making adaptions to deal with their lifelong
condition.

There is never a time when I am pain free. I have
learned how to deal with it but it is frustrating (ID435,
E, 40-49).

Theme 5: Positive Experiences of Treatment

Due to the nature of the research questions, the majority of
participants described “Negative Treatment Experiences”
as previously reported (theme 3). However, some respond-
ents provided positive feedback. These were subthemed
as “Positive Aspects of Conventional Treatment” and
“Positive Experiences of Alternative Therapies.” As part
of the subtheme of “Positive Aspects of Conventional
Treatment,” some participants described how conventional
medication and surgery had improved their symptoms:

After the corrective procedure performed in June
2012, my son is doing well and acting like a normal
child (ID234, M, 13-17).

Theme 6: Information Needs

This theme is comprised of 3 subthemes. One of these,
“Disease and Treatment Information,” related to the infor-
mation needs of respondents themselves. Some participants
had specific questions about how to manage the condition
on a daily basis, such as the role of exercise and weight
management.

More information on the other metabolic aspects of
this disease which affect adults eg, glucose intoler-
ance and weight gain (ID135, E, 60+).

Others discussed the desire to find out about specialist doc-
tors in their area and explore treatment options, either for
the first time, or returning in adulthood.

I am not currently being treated for XLH but would
be interested in finding a specialist (ID46, E, 30-39).

Some expressed frustration due to “Lack of Awareness
Among Others” about living with a rare condition. Other
spoke about “The Role of Research” in terms of the re-
quirements for more research and the desire to participate
in trials, which was difficult for some due to low kidney
function (a side effect of conventional therapy).

Hopefully research will provide them [children] with
many treatment options if they need it (ID122,
30-39).

One respondent stressed how the disease was
all-encompassing and highlighted the limitations of patient-
reported outcome measures for adequately capturing the

full experience of living with XLH.

This questionnaire, which 1 was glad to belp with,
does not even come close to building a model to con-
struct a phenomenology of XLH. The experience of
the disease, testing, surgeries, other treatments, and
the social ramifications are beyond the scope of the
questions that were asked (ID81, M, 60+).

Discussion

This qualitative study draws upon data generated from
the largest survey undertaken to date of people with XLH
[4]. Thematic analysis of responses to 2 open-ended survey
questions from adults with XLH and proxy respondents for
children and adolescents, identified that pain and skeletal
pathology were the symptoms most frequently reported as
interfering most in their lives. The symptoms negatively im-
pacted the lives of people with XLH, regardless of age, and
have all-encompassing impacts on QOL, physical activity,
psychological distress, family, and social life. Child proxy
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respondents described daily routines that are dominated
by repeated medication doses, ongoing painful surgeries,
and for adults, lack of access to appropriate treatment
dominated.

The proxy respondents of children and adolescents
indicated most concern with skeletal pathology, particu-
larly with the skeletal deformities and shortened stature.
This supports previously published data from this survey,
showing a high prevalence of lower limb deformities in
children and adolescents, with bowing of the tibia and/or
fibula reported for 72% (65/90), bowing of the femur re-
ported for 63% (57/90), and knock-knees (genu valgum) in
32% (29/90) [4]. Short stature is a known consequence in
children with XLH, and data has demonstrated that, des-
pite use of conventional treatment, growth rates progres-
sively decline during early childhood, remaining behind
healthy peers [20, 21]. Pain, particularly bone pain, was
also reported with high frequency for children and adoles-
cents, corroborating the pain research published elsewhere
[4, 22]. For example, this survey data has previously re-
ported that 80% of children and adolescents had experi-
enced bone or joint pain and 60% had muscle pain, in the
year prior to taking the survey [4].

Our analysis has highlighted how the impacts of skeletal
pathology resulted in significant impairments to walking,
running, and playing sports, corroborating several other
studies using patient-reported measures of mobility and
physical function [4, 22]. Problems with physical exertion,
combined with concerns with physical bodily appearance,
unsurprisingly contribute to the emotional distress felt by
children and adolescents, differentiating them from their
peers during a time in life where appearance plays a key role
in developing a sense of self [23]. Self-esteem was singled
out as a particular concern, corroborating other research
with young people with different types of physical impair-
ments, which showed the effects of minor physical disabil-
ities on self-esteem related to physical competence were
large [24]. The qualitative analysis of statements received
during the 2018 National Institute for Health and Care
Excellence online public consultation showed a quarter
of the adolescent statements were related to psychological
burden such as self-esteem, confidence, and distress [5].
The statements regarding children frequently reported the
burden of conventional medication, something also identi-
fied in our survey responses, in terms of dosing regime and
multiple painful surgeries.

In adults with XLH, our survey data suggests that mul-
tiple symptoms and complications still exist, but their pro-
file differs. While skeletal pathology is frequently reported,
pain dominates, echoing other XLH studies [4, 12, 25], but
here the focus is on joint pain. In previously published data
from this survey, 67% of the adult sample reported pain

medication use at least once a week, yet the mean scores for
pain severity and worst pain in the past 24 hours indicated
that they continued to suffer with moderate pain [4]. In
a previous multi-country (UK, Finland, France, Germany,
and Luxembourg) qualitative interview study, adult parti-
cipants with XLH described experiencing pain on a daily
basis. Pain severity ranged from mild to extremely severe
and typically varied from day to day, but most participants
reported a constant base level of pain even during milder
periods [12]. The reports of joint pain may relate to the de-
velopment of osteoarthritis as adults get older. Data from
adults with XLH in a clinical trial with moderate to se-
vere baseline pain suggested corresponding high rates of
multiple musculoskeletal morbidities such as osteoarthritis,
enthesopathy, as well as fractures and pseudo-fractures [9].
Therefore, it is likely that the joint pain identified in adults
in the current analysis is related to multiple morbidities.

Dental problems, including dental pain, also existed
across the life-course and preventative work in childhood
may prevent dental pathology in adulthood. As well as
pain, this analysis identified a distinct concept of stiffness,
described as causing significant interference on life begin-
ning in young adulthood. This aligns with other studies that
have also highlighted patient-reported stiffness for XLH to
be notably higher than population normative scores, even
as a young adult [4, 16]. However, we should not assume
this concept is unimportant to children and adolescents,
who may well struggle to communicate the difference be-
tween pain and stiffness. For example, in a recent consult-
ation exercise with 4 young people with XLH, pain was
described as “achy” [26].

Our findings also suggest that the cumulative burden
of the childhood emotional consequences of living with
XLH, combined with an ever-increasing physical burden
into adulthood, can manifest as depression, anxiety, and
isolation. This is supported by the literature; for example,
a study of routine clinical record data from the UK high-
lighted that the odds of depression occurring in people with
XLH was 3 times greater than matched controls without
XLH (OR 2.95; 95% CI, 1.47-5.92; P<0.01) [27].
Previously published longitudinal abstract data also hints
at the risks of impending anxiety that may develop over
time among adults living with XLH [28].

Furthermore, our survey findings highlight problem-
atic access to treatment for adults, unlike children and
adolescents, which no doubt contributes to worries
about the future and anxiety. With this cumulation of
experiences throughout life, it is perhaps not surprising
that some of our survey participants described becoming
accustomed to their condition and using various coping
strategies. A large population-based study identified
that among those with chronic illness, optimism, and
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resilience appeared to be more important to those facing
severe limitations to daily activities, than those who were
not, suggesting that positive psychological appraisals
play a key role in maintaining wellbeing when faced with
debilitating illnesses [29]. Resilience can be defined as the
ability to adapt one’s responses in the face of adversity
and the associated stressors, and is a concept influenced
by psychological, biological, and environmental factors
[30]. Cal and colleagues, in their narrative systematic
review of resilience and chronic diseases, suggested that
people scoring lower on measures of resilience have less
capacity to deal with the stressors and challenges of be-
coming ill [31]. Our study did not set out to explore this
relationship in the survey data; however, our findings
do highlight a need to support people with the psycho-
logical and emotional challenges they face, in addition to
managing the clinical signs and symptoms of XLH.

None of the respondents in our survey referred to re-
ceiving support from a psychologist as part of their
treatment plan; however, respondents described varied
practical and psychological strategies used to cope with
their challenges, emphasizing the role of resilience building
among children and young people. Some clinical services
in the UK offer a psychology service to teach strategies and
skills to young people living with XLH in order to build
confidence, particularly during periods of transition such
as moving schools. In addition, for adults, psychosocial
interventions may be required to address depression and
anxiety. Given the inherited nature of the condition, psy-
chological support that addresses the whole family system
is also warranted [32].

Our study also highlighted the need for more educa-
tional material for people living with XLH, in terms of
managing the condition in daily life and increasing access
to appropriate treatment. The lack of access to specialist
doctors who understand XLH, particularly for adults,
corroborates the findings in other research [8, 33]. A re-
cent survey of patient advocacy groups in 11 European
countries illustrated high unmet need in a number of
countries relating to adequate pain management (Spain,
Italy, Finland), physiotherapy (UK, Spain), and support
to access the workplace (Finland, Italy) [33]. Moreover,
it is our experience that the lack of understanding about
XLH in treating physicians can lead to delayed manage-
ment and results in preventable bone deformities, which
may be irreversible. The study results highlight the need
for further training and education within the medical
community, as well as the need to train multidisciplinary
healthcare professionals such as psychologists, occupa-
tional therapists, and social workers [8].

Study Strengths and Limitations

The research methodology adopted here is considered a
robust and credible approach to qualitative research [34].
The survey was offered in multiple languages and the data
used in the analysis were obtained from a large heter-
ogenous sample of participants in terms of age, sex, and
country of origin. The process of analysis involved a multi-
disciplinary team of researchers who conducted parallel
coding of a portion of data, cross-checking codes, and dis-
cussing the development of themes to prevent individual
researcher bias. Two specialist bone physicians were in-
volved in reviewing codes and themes, to facilitate clinical
interpretation of the findings. The research demonstrates
credibility in its triangulation of data from both the quan-
tification of themes/subthemes, as well as the illustration
of rich and varied quotes from a variety of participants
[34, 35].

However, there are some study limitations that should
be noted. Our sample relied upon recruitment from phys-
icians and patient advocacy groups who may not be repre-
sentative of the wider XLH population. For example, those
with greater disease severity and QOL burden may be more
motivated to complete a survey. Secondly, data from chil-
dren under 18 years relied on proxy reports from parents
and carers. This may have resulted in an under- or overesti-
mate of reporting about the severity of issues [36]. For ex-
ample, 1 carer reported that their child was still too young
to tell them about the specific pain or severity. Parents and
carers may also be unaware of the full extent of the emo-
tional or mental distress felt by their child.

Future Research Needs

Our findings concur with a recent expert consensus exer-
cise to identify research priorities for rare musculoskeletal
diseases, which cited the need for more research into the
psychological impacts and support needs of patients and
their families, the role of fatigue, as well as disease progres-
sion in aging [37]. There is also a need for direct research
with children and young people with XLH, rather than via
proxy, in order to fully illustrate their experiences.

Conclusion

Taken together, the findings show, from the largest survey to
date completed by people with XLH, the multiple burdens
imposed across the lifetime of XLH, negatively impacting
physical, emotional, and social areas of life. While the
symptoms or complications that interfere the most vary
between children, adolescents, and adults, understanding
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these differences may help to guide physicians in deciding
care pathways, and inform the population with XLH about
disease trajectory. The burden of XLH may be further ex-
acerbated by lack of access to appropriate treatment, par-
ticularly for adults, illustrating the need for age-appropriate
multidisciplinary care that includes psychological support.
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