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Abstract 

Background: Health‑related quality of life (HRQoL) of patients with X‑linked hypophosphatemia (XLH) is lower than 
that of both the general population and the patients with other chronic diseases, mainly due to diagnostic delay, 
treatment difficulties, poor psychosocial support, and problems with social integration. Early diagnosis and optimal 
treatment are paramount to control the disease in patients with XLH, avoid complications, and maintain or improve 
their HRQoL. We, therefore, analyzed the HRQoL of pediatric and adult patients with XLH treated with conventional 
therapy in Spain.

Results: We used several versions of the EuroQol‑5 dimensions (EQ‑5D) instrument according to the age of patients 
with XLH. Then we compared the HRQoL of patients to that of the general Spanish population. Children with XLH 
(n = 21) had moderate problems in walking about (61.9%), washing or dressing themselves (9.52%), and performing 
their usual activities (33.33%). They also felt moderate pain or discomfort (61.9%) and were moderately anxious or 
depressed (23.81%). Adults with XLH (n = 29) had lower HRQoL, with problems in walking (93%, with 3.45% unable 
to walk independently), some level of pain (86%, with 3.45% experiencing extreme pain), problems with their usual 
activities (80%) and self‑care (> 50%), and reported symptoms of anxiety and/or depression (65%). There were impor‑
tant differences with the general Spanish population.

Conclusions: XLH impacts negatively on physical functioning and HRQoL of patients. In Spanish patients with XLH, 
the HRQoL was reduced despite conventional treatment, clearly indicating the need to improve the therapeutic 
approach to this disorder.

Keywords: Burden of disease, X‑linked hypophosphatemia, Health‑related quality of life, EQ‑5D

Plain English summary 

X‑linked hypophosphatemia (XLH) is a severe inherited disease. It is caused by loss of phosphorus by kidneys. As a 
result, blood level of phosphorus is low, affectingX‑linked hypophosphatemia (XLH) is a severe inherited disease. It is 
caused by loss of phosphorus by kidneys. As a result, blood level of phosphorus is low, affecting bones and muscles. 
Patients can have growth retardation, short stature, rickets, limb deformities, pain and other health problems despite 
traditional treatment. Consequently, their quality of life can be very bad. However, a recently available new treatment 
(burosumab) can improve this quality of life. We studied the quality of life of children and adults with XLH treated with 
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Background
Health-related quality of life (HRQoL) in patients with 
rare diseases and their caregivers has not been widely 
studied [1]. However, in a study of 1218 adults with dif-
ferent rare diseases, HRQoL was found to be lower than 
that of both the general US population, and patients with 
common chronic diseases [2]. Low HRQoL in rare dis-
eases is caused by diagnostic delay, treatment difficul-
ties, poor psychosocial support, and problems with social 
integration [2]. In a survey in Spain of 1576 patients with 
rare diseases, 44.64% of patients reported unsatisfactory 
HRQoL and 7.64% considered that their HRQoL was 
very bad [3].

X-linked hypophosphatemia (XLH) is a severe, debili-
tating and deforming condition. It is a rare disease, with 
a prevalence of 1:20,000 [4]. XLH is the most common 
form of hereditary hypophosphatemia and is caused 
by inactivating mutations in the Phosphate Regulat-
ing Endopeptidase Homolog X-Linked (PHEX) gene [5]. 
These mutations produce increased levels of fibroblast 
growth factor 23 (FGF23), a phosphate-regulating hor-
mone that seems to mediate most manifestations of the 
disease [4]. Elevated levels of FGF23 decrease renal reab-
sorption of phosphate by inhibition of sodium-phosphate 
transporters in kidneys, thus increasing urinary phos-
phate excretion, and limit intestinal phosphate absorp-
tion by reducing calcitriol (1,25(OH)2D) synthesis, whose 
levels are low or even normal despite the hypophos-
phatemia [4, 6]. Low levels of phosphate and calcitriol are 
related to many pathologic changes of XLH [4]. Symp-
toms are numerous and variable, with different levels of 
severity [7], and the onset is usually during the first or 
second year of life [8, 9]. Disease manifestations in chil-
dren include impaired growth [10] with short stature [7] 
and bone deformities [8, 9], especially in lower limbs [7], 
and radiological signs of active rickets [8, 9]. Moreover, 
pain [11], poor mineralization of teeth [11] and cranio-
synostosis [12] have also been described. Adult patients 

with XLH also have skeletal pain and significant associ-
ated morbidity due to long-term complications such as 
osteoarthritis, osteomalacia, enthesopathies, spinous 
ligament calcification or spontaneous insufficiency frac-
tures [7], among others. These complications clearly 
worsen the HRQoL of patients [7].

Burden of XLH is substantial, both in terms of impair-
ment of HRQoL and of direct and indirect healthcare 
costs. Taking into account the aforementioned, early 
diagnosis and optimal treatment are paramount to con-
trol the disease in patients with XLH, avoid compli-
cations, and maintain or improve their HRQoL, and 
therefore to decrease the associated economic burden of 
the disease [13]. There are few studies related to HRQoL 
in patients with XLH, either children [14, 15] or adults 
[16, 17]. We therefore analyzed the HRQoL of patients 
with XLH in Spain in order to improve the care of 
patients with this rare disease.

Results
The study was conducted from September 2017 to May 
2018, with patient inclusion carried out from Decem-
ber 2017 to April 2018. Fifty patients participated in the 
study: 21 children (< 18  years) accompanied by their 
respective parents or caregivers, and 29 adults. These 
latter were 21 women and 8 men, with a mean age of 
42.21 ± 16.18 years, and with 5 patients (all women) aged 
60 years or older.

Quality of life in pediatric patients with XLH
The results of EuroQol-5 dimensions three-level ver-
sion (EQ-5D-3L) and EQ-5D-3L proxy questionnaires 
(Table  1) showed that more than 60% of children had 
mobility difficulties. Although less than 10% of children 
had some difficulties with self-care, almost 34% had dif-
ficulties performing their usual activities, more than 60% 
reported pain or discomfort, and nearly 24% felt anxious 
or depressed.

traditional treatment in Spain.  Results showed that children had moderate problems, but adults reported moderate‑
to‑severe problems in walking and performing their usual activities and self‑care. Pain and anxiety and/or depression 
were very frequent. There were important differences with the general Spanish population. Moreover, we also found 
that XLH is associated to high healthcare cost and even higher socioeconomic cost. Our results highlight the need of 
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The mean EQ-5D-3L (and EQ-5D-3L proxy) index was 
0.788 ± 0.153 and the mean visual analog scale (VAS) 
score was 68.33 ± 16.06.

Quality of life in adult patients with XLH
Mobility was the most affected dimension in adults with 
XLH, with 93% of patients reporting walking difficulties. 
More than 50% of patients had difficulties in taking care 
of themselves, and 80% of patients reported difficulties 
doing their usual activities. Pain/discomfort was reported 
by 86% of patients, with severe or extreme pain in more 
than 40%. In addition, 65% of patients felt some level 
of anxiety/depression (Table  2). The mean EuroQol-5 
dimensions five-level version (EQ-5D-5L) index was 
0.562 ± 0.28 and the mean VAS score was 55.96 ± 20.86.

On comparing our results with those of the 2011 
National Health Survey of Spain (ENSE) [18], adult 
patients with XLH had poorer HRQoL than the general 
Spanish population (Additional file 1: Table S1), with dif-
ferences in all dimensions. In order of difficulty/sever-
ity, these differences were mobility, pain/discomfort, 
usual activities, self-care and anxiety/depression. Mobil-
ity difficulties were reported by 93.10% of patients with 
XLH compared with 14.28% of the general population, 

including 3.45% and 0.82%, respectively, who were unable 
to walk. Pain/discomfort was described by nearly 87% of 
patients compared with 25% of the general population. 
Differences between patients and the general population 
were especially marked for moderate and severe pain. 
Nearly 80% of patients with XLH presented difficulties 
in performing their usual activities while only 11% of the 
general population reported difficulties. More than 50% 
of patients with XLH reported some hardship with self-
care compared with only 6% of the general population. 
Finally, more than 65% of patients with XLH but only 15% 
of the general population had some level of depression/
anxiety. The worse HRQoL in adult patients with XLH 
was also expressed by the very different mean EQ-5D-5L 

Table 1 Quality of life in children with X‑linked 
hypophosphatemia (n = 21). Response percentages in the 
different dimensions of the EQ‑5D‑3L and EQ‑5D‑3L proxy 
questionnaires

Dimension Children (n = 21)
n (%)

Mobility
 No problems 8 (38.10%)

 Moderate problems 13 (61.90%)

 Unable to walk about 0 (0.00%)

Self-care
 No problems 19 (90.48%)

 Moderate problems 2 (9.52%)

 Unable to wash or dress himself/herself 0 (0.00%)

Usual activities
 No problems 14 (66.67%)

 Moderate problems 7 (33.33%)

 Unable to do usual activities 0 (0.00%)

Pain/discomfort
 No pain or discomfort 8 (38.10%)

 Moderate pain or discomfort 13 (61.90%)

 Extreme pain or discomfort 0 (0.00%)

Anxiety/depression
 Not anxious or depressed 16 (76.19%)

 Moderately anxious or depressed 5 (23.81%)

 Extremely anxious or depressed 0 (0.00%)

Table 2 Quality of life in adults with X‑linked 
hypophosphatemia (n = 29)

Response percentages in the different dimensions of the EQ-5D-5L 
questionnaire

Dimension Adults (n = 29)
n (%)

Mobility
 No problems 2 (6.90%)

 Slight problems 11 (37.93%)

 Moderate problems 9 (31.03%)

 Severe problems 6 (20.69%)

 Unable to walk about 1 (3.45%)

Self-care
 No problems 14 (48.28%)

 Slight problems 9 (31.03%)

 Moderate problems 5 (17.24%)

 Severe problems 1 (3.45%)

 Unable to wash or dress 0 (0%)

Usual activities
 No problems 6 (20.69%)

 Slight problems 10 (34.48%)

 Moderate problems 9 (31.03%)

 Severe problems 4 (13.79%)

 Unable to do usual activities 0 (0%)

Pain/discomfort
 No pain or discomfort 4 (13.79%)

 Slight pain or discomfort 3 (10.34%)

 Moderate pain or discomfort 10 (34.48%)

 Severe pain or discomfort 11 (37.93%)

 Extreme pain or discomfort 1 (3.45%)

Anxiety/depression
 Not anxious or depressed 10 (34.48%)

 Slightly anxious or depressed 9 (31.03%)

 Moderately anxious or depressed 7 (24.14%)

 Severely anxious or depressed 3 (10.34%)

 Extremely anxious or depressed 0 (0%)
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index: 0.562 ± 0.28 in patients and 0.914 ± 0.15 in the 
general population [18]. Similarly, the mean VAS score in 
adult patients with XLH (55.96 ± 20.86) was much lower 
than that of the general population (77.53 ± 18.60) [18].

Adult patients with XLH had a lower HRQoL than car-
egivers and parents, as shown in all dimensions of the 
EQ-5D-5L questionnaire (Additional file  1: Table  S2). 
For caregivers and parents, the EQ-5D-5L index was 
0.821 ± 0.157 and the VAS score was 75.47 ± 17.24. These 
values were slightly lower than those found in the gen-
eral Spanish population: 0.914 ± 0.15 and 77.53 ± 18.60, 
respectively [15].

Discussion
This study showed that burden of XLH in Spain is sub-
stantial, as XLH greatly impairs the HRQoL of pediatric 
and adult patients.

Pediatric patients had difficulties in the five dimensions 
of the EQ-5D-3L and EQ-5D-3L proxy. More than 60% of 
pediatric patients had moderate walking difficulties and 
the same percentage reported moderate pain/discomfort. 
In an international study, the HRQoL of 90 children with 
XLH was assessed with the 10-Item Short Form Health 
Survey (SF-10), that was fulfilled by caregivers or par-
ents. The Physical Health Summary score of the SF-10 
showed an impairment of HRQoL with almost one and 
a half standard deviations below the US general popula-
tion norm [19]. Although we could not directly compare 
HRQoL results in pediatric patients with XLH with those 
of ENSE 2011, we can make an approximation with the 
results in children from 6 to 17 years old from the general 
Spanish population that participated in a study of valida-
tion of the EQ-5D-Y (child-friendly EQ-5D) instrument 
[20]. This questionnaire uses a simpler language than the 
EQ-5D-3L instrument, but questions and answers are 
basically the same. Impairment of HRQoL in pediatric 
patients is apparent compared with the general Span-
ish population, especially in the mobility, usual activi-
ties and pain/discomfort domains. For the self-care and 
mood domains, differences still exist but are not so large 
(Table 3).

Reduction of HRQoL was even more important in adult 
patients, with bigger impairment in all EQ-5D-5L dimen-
sions. Impairment was especially marked in the mobility 
dimension, with nearly 25% of patients having severe or 
extreme problems, and in the pain/discomfort dimension, 
with 40% of patients having severe or extreme pain. There 
were also evident difficulties in performing usual activi-
ties and self-care, as well as symptoms of anxiety and/or 
depression. Compared with the Spanish general popula-
tion [18], adult patients with XLH reported worse results 
in all EQ-5D-5L dimensions. This questionnaire was also 

used in a UK study in 24 adult patients with XLH. The 
scores were higher than those obtained by patients in 
our study: mean EQ-5D index (using the England value 
set) 0.648 ± 0.29 and mean VAS score 60.8 ± 26.9 [17]. 
Reduced HRQoL in adult patients with XLH has been 
shown in other studies, although using different assess-
ment instruments. In 52 patients, the Health Assessment 
Questionnaire (HAS), the Routine Assessment of Patient 
Index 3 (RAPID3) and the 36-item Short Form Health 
Survey (SF-36) showed an impairment in HRQoL, espe-
cially in older patients and those with structural lesions 
[16]. Moreover, HRQoL of patients with XLH was lower 
than that of patients with axial spondyloarthritis [16] and 
similar to that of patients with osteogenesis imperfecta 
or with fibrous dysplasia [17]. Additionally, it has been 
confirmed the negative impact of bone and joint pain and 
functional limitations on wellbeing and quality of life of 
patients with XLH [21]. Thus, in a recent international 
study in 232 patients with XLH, pain and functional limi-
tations were the main causes of a HRQoL lower than that 
of general population [19]. As for caregivers and parents, 
the mean EQ-5D-5L index and the mean VAS score were 
slightly lower than that in general Spanish population. In 
the field of rare diseases, the quality of life of caregivers is 
still not well investigated.

Differences between HRQoL impairment between 
pediatric and adult patients might be lower than appar-
ently were. Results of HRQoL instruments in children 
may not reflect actual quality of life. Concepts of health 
and disease can be different for children according to 
their age and cognitive development. Likewise, the effects 
of the disease and its therapies can be different for chil-
dren. Therefore, children may not have the same percep-
tion of the disease consequences and impact. In addition, 

Table 3 Differences in pediatric patients with XLH (n = 21) 
and children and adolescents from general Spanish population 
(n = 620)

*EQ-5D-3L or EQ-5D-Y

Domain* Problems Patients with 
XLH, %

General Spanish 
population, %

Mobility No 38.1 96.8

Moderate 61.9 2.6

Self‑care No 90.5 96.6

Moderate 9.5 3.1

Usual activities No 66.7 92.7

Moderate 33.3 6.1

Pain/discomfort No 38.1 84.2

Moderate 62 15

Mood No 76.2 79.8

Moderate 23.8 18.9
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EQ-5D questionnaires do not assess factors that can 
modify the quality of life in children, such as familial rela-
tionships or cognitive skills. Thus, whenever possible, it 
is recommended to use children-specific instruments, 
as well as disease-specific questionnaires or scales [22]. 
However, we did not use a children-specific instrument 
but the EQ-5D-3L or the EQ-5D-3L proxy. We chose 
the EQ-5D instrument because it has been used in other 
studies of HRQoL in patients with XLH [17] as well as 
in patients (mainly children) with other rare diseases 
[23]. Moreover, the EQ-5D questionnaires are accepted 
for assessing the HRQoL in children, and the EQ-5D-3L 
proxy has been considered as a valid instrument [24, 
25]. Another, and relevant, reason to choose the EQ-5D 
instruments was that they are recommended for stud-
ies on the use of resources with adults and children for 
the effects of comparability of the results [22]. Likewise, 
this type of instruments to quantify the quality of life of 
patients with XLH are gaining more and more impor-
tance in recent years, so they should be valued accord-
ingly [26] for this type of research. Moreover, in a recent 
meta-analysis of the health impact of rare diseases, the 
lowest quality of life across EQ-5D scores, VAS scores 
and Barthel index corresponded to patients with muscu-
loskeletal diseases [27]. Nonetheless, it should be noted 
that EQ-5D has also been recognized as being inaccurate 
for measuring quality of life and in particular for rare dis-
eases [28–30].

HRQoL impairment suggests that conventional treat-
ment with oral phosphorus and calcitriol does not pre-
vent the complications of XLH that lead to HRQoL 
impairment, which is especially relevant in adult patients. 
The treatment of XLH should act on the disease mecha-
nisms and should be able to modify the natural history of 
the disease [31, 32]. In this sense, burosumab is an anti-
FGF23 fully human monoclonal antibody that has shown 
to improve many of the XLH complications in children 
[14, 15, 33, 34] and adults [35–38] increasing their quality 
of life. Currently, there are no specific patient-reported 
outcomes (PROs) to measure the improvements in qual-
ity of life in patients with XLH. This is in part due to the 
low prevalence of the disease. However, some efforts 
have been started in this direction, yet in need of vali-
dation within larger populations [39–41]. The phase 3 
clinical trial of burosumab in adults with XLH took into 
consideration the XLH-specific meaningful changes on 
PROs to evaluate the effect of burosumab on physical 
function, stiffness, pain, and fatigue [35]. Nevertheless, as 
indicated above, the validation of these tools in patients 
with XLH to monitor the quality of life and the related 

thresholds to categorize changes as clinically meaningful 
needs to be completed.

The study has some limitations. One of them was the 
limited sample size due to XLH is a very rare disease. 
This inconvenience did not allow to analyze potential 
differences in HRQoL by sex or age groups. However, 
although the number of patients studied was small, we 
consider that sample size was sufficiently representa-
tive for our study. Another limitation was that there is 
no specific instrument to assess HRQoL in patients with 
XLH and we used the generic EQ-5D-5L and EQ-5D-3L 
instruments. Furthermore, XLH is a variable and hetero-
geneous disease, and hence statistical analysis could be 
more inaccurate than in other diseases.

Further investigations included in our research agenda 
will be performed to evaluate the direct and indirect 
costs derived from this disease.

Conclusions
According to our results, we can conclude that XLH 
impacts negatively on physical functioning and HRQoL 
of Spanish patients treated with conventional therapy, 
clearly indicating the need to improve the therapeutic 
approach of this disorder.

Methods
The project was the result of the collaboration of a com-
mittee of experts on XLH. The main objective of the 
study was to assess the HRQoL of patients with XLH and 
their caregivers in Spain. Thus, we carried out a multi-
center, cross-sectional observational study of pediatric 
(< 18  years) and adult (≥ 18  years) patients diagnosed 
with XLH, managed in specialized clinics of tertiary hos-
pitals across Spain. Parents or caregivers accompanied all 
pediatric patients.

HRQoL assessment
HRQoL was assessed with the paper-based Spanish ver-
sion of the EQ-5D instrument [42], which has been 
validated in the Spanish population [43]. We used the 
EQ-5D-3L for patients aged between 12 and 17  years; 
the EQ-5D-3L proxy, which was completed by parents or 
caregivers of patients under 12 years; and the EQ-5D-5L, 
which was given to adults and caregivers. All question-
naires were anonymous, and no personal data was col-
lected. The database was compiled in accordance with 
the Spanish law on personal data protection (Organic Act 
15/1999, of December 13) and the prevailing regulation 
(Royal Decree 1720/2007, of December 21).
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The EQ-5D consists of five questions corresponding 
to five dimensions (mobility, self-care, usual activities, 
pain/discomfort, and anxiety/depression) and a VAS 
[44]. The EQ-5D-3L and EQ-5D-3L proxy question-
naires have three possible answers for each dimension, 
scored from 1 to 3. Similarly, the EQ-5D-5L question-
naire has five possible answers for each dimension, 
scored from 1 to 5. This is a descriptive system from 
which a five-digit health state profile is obtained; the 
profile expresses the level of difficulty experienced in 
each of the five health dimensions [44]. A weighted 
overall score (utility index or EQ-5D index) from 0 
(death) to 1 (perfect health) can also be obtained, 
although negative values are allowed for “worse than 
death” states. The second part of the EQ-5D instrument 
is a VAS of health status. The scale scores from 0 to 
100, where 0 is the worst possible state and 100 the best 
possible state [44]. We recorded results of the EQ-5D 
questionnaires in Excel spreadsheets and then we esti-
mated the response percentages for each question as 
well as the mean and ± SD for the VAS.

The results were not presented as health profiles but 
rather as percentages of responses to each option in 
the five dimensions for pediatric and adult patients. 
The data collected from the questionnaires was aggre-
gated to estimate the mean ± SD for the EQ-5D index 
and VAS for pediatric and adult patients as well as for 
caregivers.

We compared HRQoL results in adult XLH patients 
with those of the general Spanish population according 
to the ENSE 2011 [18], which utilized the EQ-5D-5L 
questionnaire to assess HRQoL in adults. However, 
quality of life in children and adolescents was not eval-
uated in this survey.

Statistical analysis
All data were managed with Microsoft® Excel® Spread-
sheet Software version 14.0 (Microsoft, Seattle, WA, 
USA). A descriptive analysis of the frequency distribu-
tion was made for qualitative variables, and an estima-
tion of mean, standard deviation, maximum, minimum 
and 95% confidence interval was carried out for quanti-
tative variables.
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