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Physical function and physical activity in adults with X-linked
hypophosphatemia

G.Orlando’ - J. Bubbear? - S. Clarke® - R. Keen? - M. Roy® - A. Anilkumar® - M. Schini*- J. S. Walsh® - M. K. Javaid® -
A.lIreland

Abstract

Summary We described physical function and activity in UK adults with X-linked hypophosphatemia (XLH). Our
data indicate that low physical activity and impaired mobility are common in adults with XLH. Deficits in lower limbs
muscle power and functional capacity contribute to the loss of physical function in adults with XLH.

Introduction There is a dearth of literature on physical function and physical activity in adults with X-linked
hypophos-phatemia (XLH). We described muscle strength and power, functional capacity, mobility and physical
activity level and explored the relationships among these variables in adults with XLH.

Methods Participants were recruited as part of a UK-based prospective cohort study, the RUDY Study. They
underwent a clinical visit and physical examination, including assessment of handgrip strength, jump power
(mechanography), six-minute walk test (6MWT) and short physical performance battery (SPPB), and completed the
International Physical Activity Questionnaire (IPAQ). Performance data were analysed using parametric and non-
parametric tests, whereas correlations were assessed by univariate analysis.

Results Twenty-six adults with XLH (50% males) with a mean age of 44 + 16.1 years were recruited. Jump power and
6MWT distances (p <0.0001) were 54.4% and 38.6% lower respectively in individuals with XLH compared with
normative values. These deficits were not associated with age or sex. Handgrip strength values were similar to expected
values. Deficits in muscle power were more pronounced than those reported at 6GMWT (p < 0.0001). Univariate analysis
revealed only a cor-relation between total physical activity and muscle power (r=0.545, p=0.019).

Conclusions Adults with XLH have a marked deficit in lower limb muscle power and a reduced functional capacity,
with a high incidence of impaired mobility and inactivity. In addition to metabolic effects of XLH, low physical
activity may contribute to deficits in lower limb power. Further studies are required to develop novel treatment
approaches to improve physical function and mobility.
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Introduction

X-linked hypophosphatemia (XLH) is an hereditary skel-
etal disorder occurring in approximately 1 in 20,000 births
[1]. This condition is the most common form of heritable
hypophosphatemic rickets worldwide, and as an X-linked-
dominant genetic disorder is twice as common in females
than males [2]. Whilst skeletal deformities and fractures
are recognised as key clinical consequences of this disor-
der in adults, XLH is also associated with reduced physical
function and mobility, which contribute to impaired qual-
ity of life [3]. The magnitudes of these functional deficits
appear comparable with those documented for other rare
bone diseases, including osteogenesis imperfecta [4, 5].

XLH is caused by a mutation in the PHEX gene, lead-
ing to an excessive circulating level of fibroblast growth
factor 23 (FGF-23). Consequently, patients display renal
phosphate wasting and impaired renal production of
1,25-dihydroxyvitamin D (1,25-(OH)2-D)[1]. The main
skeletal manifestations include rickets, growth retardation
and deformities that develop during childhood, and osteo-
malacia-related fractures or pseudo-fractures, degenerative
osteoarthritis, enthesopathy, dental anomalies and hearing
loss during adulthood [6].

These manifestations are accompanied by debilitat-
ing symptomatology, which can be particularly severe in
adults [3]. Symptoms may include bone and joint pain as
well as stiffness and fatigue, which contribute not only to
impaired physical function but also predispose to psycho-
logical distress [3, 7]. Moreover, adults with XLH often
have marked limitations in joint mobility and present with
lower neuromuscular performance and muscle volume at
the calf muscles [8, 9]. Recent evidence also reports com-
plex biomechanical alterations of the lower limb, leading
to an impaired gait pattern (i.e. waddling gait) associated
with unsteadiness. Adults with XLH are thus also predis-
posed to a high risk of falling [9].

At present, there is a dearth of information about the
impact of XLH on neuromuscular performance in adults,
with only one study exploring lower body muscle power
[8]. Thus, questions remain as to whether neuromuscular
deficits are confined to the lower limbs or are present in
other regions. In addition, how other aspects of physical
function such as functional capacity, mobility and physi-
cal activity level are affected and the interrelationships
between these variables remain unexplored. Furthermore,
whilst there is no clinical evidence of any differences in
the impact of XLH physical function by sex or age, this
has not previously been confirmed quantitatively.

Therefore, the purpose of this study was to assess
physical activity level and multiple components of physi-
cal function, namely upper and lower body
strength,

functional capacity and mobility as well as explore the
relationship between these variables in adults with XLH
in the UK. We hypothesised that adults with XLH would
present with lower functional capacity, impaired mobil-
ity, lower levels of physical activity and poorer muscle
strength and power in the upper and lower body when
compared with age- and sex-matched reference values. We
also hypothesised that these deficits would be independ-
ent of sex and age and strongly correlated with physical
activity levels.

Methods
Participants

Twenty-six adults with XLH were identified across four
UK hospitals and recruited as part of the Rare and Undiag-
nosed Diseases Study (RUDY). Patients were all individuals
scheduled to subsequently receive burosumab treatment as
part of an Early Access Programme supported by the drug
manufacturer Kyowa Kirin. As previously described, RUDY
is an ongoing UK-based prospective cohort study whose
aim is to improve the understanding of different hereditary
musculoskeletal diseases [10]. The inclusion criteria were
a diagnosis of XLH and age ranging from 18 to 70 years.
XLH was confirmed by the presence of the PHEX mutation
in the patient or a serum intact FGF-23 level of more than 30
picograms per millilitre. The study was conducted accord-
ing to the principles of the Declaration of Helsinki, and all
participants gave written informed consent.

Experimental procedures

The participants underwent one daily experimental session,
including a clinical visit and a physical examination. Demo-
graphic, clinical and anthropometrical data were collected
during the clinical visit, whereas physical performance was
assessed during the physical examination. In particular, the
upper and lower body function were assessed by a handgrip
dynamometer and force platform, respectively. Functional
capacity was evaluated by the six-minute walk test (6MWT);
mobility, by the short physical performance battery (SPPB)
test; and physical activity (PA) level, by the International
Physical Activity Questionnaire (IPAQ).

Anthropometric and clinical characteristics

The participants’ medical records were reviewed and the
following data were recorded: age at diagnosis, last value of
serum Pi, musculoskeletal manifestations, surgeries and cur-
rent XLH treatment. Body mass and height were measured
using a Leonardo force plate (Novotec Medical, Pforzheim,



Germany) and stadiometer, respectively. Body mass index
(BMI) was then calculated.

Neuromuscular performance

Upper body strength was evaluated by means of a handgrip
dynamometer (Jamar Hydraulic Hand Dynamometer, Sam-
mons Preston Rolyan, Bolingbrook, IL, USA). The partici-
pants were asked to stand up and hold the dynamometer with
the arm flexed at 90 degrees, the forearm in the mid-prone
position and the wrist in the neutral position. A gap of 5 cm
was maintained between the arm and trunk during the test.
Participants were encouraged to squeeze as hard as possible
and maintain the contraction for 3 s. The width of the handle
was set for each participant according to their hand size (i.e.
the middle phalanx on the inner handle). Three maximal
contractions were performed, each separated by 30 s of rest.
The highest strength value was considered in the analysis
and compared with age-, sex- and height-matched UK refer-
ence values [11].

Neuromuscular performance of the lower limbs was
evaluated through the Leonardo platform during a single
two-leg jump. The device was connected to a laptop, and
force measurements were sampled at a frequency of 800 Hz.
The participants were instructed to start in a standing posi-
tion, with feet placed apart by one shoulder width and hands
placed above their hips. Then, they were asked to rapidly
drop into the countermovement position (i.e. knee joint flex-
ion to about 90 degrees) and jump as high as possible. Sup-
port for balance was provided to participants presenting with
marked balance problems. Three jumps were performed,
with 60 s of rest between each jump. Peak power (watts),
peak mass-adjusted power (watts per kg) and the Esslinger
Fitness Index (EFI) (i.e. jump power adjusted by age, sex
and body mass and compared to reference data [12]) were
recorded, and the highest value was used for the statistical
analysis.

Functional capacity, mobility and physical activity

Functional capacity was assessed by a 6 MWT on a marked
10-m flat walkway. Standardised instructions and encour-
agement were given to the participants according to the
American Thoracic Society guidelines [13]. Walk distance
was recorded in metres and compared with reference values
calculated by the equation in Beekman et al. (2014). This
equation has been validated in a UK population over a 10-m
course and accounts for age and BMI [14].

The SPPB test is a tool used to measure physical perfor-
mance and mobility in three different areas: gait (speed test),
neuromuscular performance (chair stand test) and balance
(side-by-side stand, semi tandem stand and tandem stand).
For each test, a 5-level summary scale (0—4) is assigned,

with a score of 0 indicating “unable to perform”, whereas
values ranging from 1 to 4 represent the hierarchical perfor-
mance of the participants according to specific cut-points. A
total score ranging from O to 12 was then calculated by add-
ing the scores of all functional areas. Higher scores indicate
better mobility.

PA was evaluated using the long version of the IPAQ.
This tool measures the duration of moderate- and vigorous-
intensity leisure, work, active commuting and yard/house-
hold PA conducted in the past week. According to the [IPAQ
guidelines [15], total PA is expressed as energy expendi-
ture in metabolic equivalent—-min/weeks, and participants
were categorised into the following three categories of PA:
(1) low active, (2) moderate active and (3) high active. PA
data of 3 participants (2 males and 1 female) were excluded
because they were considered outliers.

Statistical analysis

Data were expressed as the mean + standard deviation for
parametric variables, median and interquartile range for
non-parametric data and percentages for categorical vari-
ables. All parameters were tested for normal distribution by
the Kolmogorov—Smirnov test and visual inspection. Sex
differences were assessed using the ANOVA for paramet-
ric variables or the corresponding Mann—Whitney test for
non-parametric variables. If any significance was found,
comparisons were further tested with Bonferroni adjustment.

Comparison between performance data with norma-
tive data and sex differences were assessed using ¢ tests or
Wilcoxon Signed-Rank tests. Fisher’s exact tests were per-
formed to assess sex differences in the skeletal manifesta-
tions and XLH treatment. Univariate correlation analyses
between functional deficits and age and total PA were per-
formed using Pearson or Spearman’s rho test. Statistical sig-
nificance was accepted if the P value was <0.05. When con-
sidering Bonferroni corrections for sex comparisons in basic
and clinical characteristics (11 variables), sex differences in
physical function (7 variables) and comparisons with norma-
tive data (3 variables), these represented critical P values of
0.0042, 0.007 and 0.0167, respectively. Data analyses were
performed using the Statistical Package for Social Sciences
20.0 for Windows (SPSS; Chicago, IL, USA).

Results

The participants’ characteristics are shown in Table 1.
Our cohort included 26 adults with XLLH, 13 males and
13 females, with a mean age of 44 +16.1 years old. The
height and body mass were 154 +8.7 cm and 68.9 + 17.3 kg,
respectively, and the serum Pi concentration was 0.62 +0.22
nmmol/L.



Table 1 Characteristics of the

¢ Variables All Male Female P values
study population
Number of participants 26 13 13 -
Age (years) 44 +16.1 39.6+12.7 48.5+18.4 0.163
Height (cm) 154 +8.7 159.6 +6 148.4+74 <0.0001
Body mass (kg) 68.9+17.3 69+12 68.9+21.9 0.991
BMI (kg/m?) 27 (24; 33) 26 (23.5; 29.5) 29 (25; 33) 0.223
Serum Pi (nmol/L) 0.62+0.22 0.54+0.23 0.70+0.19 0.079
Skeletal manifestations (24 participants) n (%)
Genu varum 14 (56%) 8 (32%) 6 (24%) 0.680
Genu valgus 8 (32%) 3(12%) 5(20%) 0.667
OA hip 11 (44%) 6 (24%) 5 (20%) 0.695
OA knee 7 (28%) 2 (8%) 5 (20%) 0.378
Surgical treatments (26 participants) n (%)
Hip replacement 6 (23.1%) 3(11.5%) 3(11.5%) 1.000
Knee replacement 4 (15.3%) 1(3.8%) 3(11.5%) 0.593
Other procedures 12 (46.2%) 7 (26.9%) 5(19.2%) 0.695

Data expressed as mean + standard deviation or median and interquartile range or number of cases and per-
centages as appropriate. Critical value for Bonferroni-corrected comparisons was P <0.0042

Abbreviations: OA osteoarthritis; Pi phosphate

A majority of XLH cases were diagnosed in childhood,
with the exception of one participant, who was diagnosed
during adulthood. The males were taller than the females
(159.6 £6 vs 148.4 +7.4 cm, p<0.0001), whereas no dif-
ferences were found in age (39.6 +12.7 vs 48.5 + 18.4 years,
p=0.163), body mass (69+ 12 vs 68.9+21.9 kg, p=0.991)
and BMI (26 (23.5; 29.5) vs 29 (25; 33) kg/m?, p=0.223).
Low PA levels were noted in 72.7% of participants, with
moderate PA levels in 27.3%, and none was classified as
highly active.

Deformities, such as genu varum and valgus (Table 1),
were documented in 56% (50% bilateral, 6% unilateral) and
32% (8.3% bilateral, 23.7% unilateral) of the adults with
XLH. Osteoarthritis at the hip and knee was diagnosed in
44% (40% bilateral, 4% unilateral) and 28% (20% bilateral,
8% unilateral) of the participants, respectively. Among the
XLH adults, 23% (7.7% bilateral, 15.4% unilateral) had
undergone a hip replacement, and 15.3% (3.8% bilateral,
11.5% unilateral) a knee replacement. Approximately half
(46.1%) of the participants had also undergone surgical
corrections to the lower limbs. Currently, 15 participants
(57.7%) were receiving conventional therapy with oral phos-
phate in combination with active vitamin D, 6 (23%) were
without treatment, 3 (11.6%) took oral phosphate alone and 2
(7.7%) were treated with active vitamin D. There was no dif-
ference in the sexes across skeletal manifestations and phar-
macological and surgical treatments. Data about deformity
and osteoarthritis were missing for two participants.

During the physical examination, 5 participants (3 males
and 2 females) used an assistive device for ambulation (i.e.
crutches), 1 participant was unable to walk due to severe

pain symptoms and 4 participants (2 males and 2 females)
did not perform the jump due to reasons pertaining to
recent surgery, pain (hip, knee or back) and fear of skeletal
complications. As seen in Table 2, the males had a higher
handgrip strength (36.4+11 vs 24.9+5.8 kg, p=0.003)
compared with the females. No difference was reported
between the males and females in the 6oMWT (373.2+121.7
vs 296.8 +63.8 m, p=0.056), SPPB scores (11 (8; 12) vs
10 (5.5; 11.5), p=0.287), peak power (1502 + 858 vs
1187 +628.5 W, p=0.346), relative muscle power (20.2
(12.3; 25.8) vs 19 (8.6; 23.2) W kg~!, p=0.654), EFI
(40.9+18.8 vs 47.9+16.4%, p=0.375) and the total
amount of PA (1681 + 1472 vs 1558 + 1686 MET-min/week,
p=0.857). Ten out of twenty-six participants (38.6%) had
an SPPB score of 8 or lower indicating impaired mobility.
Compared with specific reference data (Table 3), the par-
ticipants with XLH expressed 55.4% lower relative muscle
power (EFI, p <0.0001) but achieved a similar handgrip
strength (p=0.317). They were found to have covered a
shorter 6BMWT distance (by 38.6%, p <0.0001) compared
with age- and sex-specific reference values (Fig. 1). Com-
parable deficits (Fig. 1) were found in the males and females
with XLH for muscle power (59.1+18.8 vs 52.1+16.4%,
p=0.375) and 6MWT (37.5+22.1 vs 39.8%, p=0.733).
These impairments were not associated with age (all P>0.1).
Muscle power deficits were significantly higher than those
reported during the 6GMWT (55.4 +17.5 vs 38.6 £ 16.3%,
p=<0.0001). There was no difference in handgrip strength
values between the males and females with XLH and nor-
mative values (p =0.195). The results from the univariate
analysis showed that total PA was correlated significantly



Table 2 Physical function and

mobility in adults with XLH Variables All Male Female P values
Total PA (MET-min/week) 1,620+ 1,546 1,681 +1,472 1,558+ 1,686 0.857
Handgrip strength (kg) 30.7+10.4 36.4+11 249+5.8 0.003
Peak power (W) 1,337+744.8 1,502 +858 1,187+628.5  0.346
Peak adjusted power (W kg‘]) 19.6 (12.2;22.9)  20.2 (12.3;25.8) 19 (8.6;23.2) 0.654
EFI (%) 445+17.5 40.9+18.8 479+16.4 0.375
6MWT (m) 335+102 373.2+121.7 296.8+63.8 0.056
SPPB interquartile (score: O to 12) 10.5 (7.7; 12) 11 (8;12) 10(5.5;11.5)  0.287

Data expressed as mean +standard deviation or median and interquartile range as appropriate. Critical
value for Bonferroni-corrected comparisons was P <0.007

Abbreviations: EFI Esslinger Fitness Index; 6MWT six-minute walk test; PA physical activity; SPPB short

physical performance battery
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Fig. 1 Performance deficits in males and females with XLH, relative
to age- and sex-matched normative data. *Significantly higher than
6MWT (p<0.001)

with EFI (r=0.545, p=0.019), whereas no associations
were found with the other performance data.

Discussion

We assessed multiple components of physical function in
males and females with XLH. We observed large deficits
in lower limb power assessed by jumping mechanography
and a reduced functional capacity assessed by 6MWT.
Approximatively 40% of participants had impaired mobil-
ity as assessed by SPPB and nearly three quarters reported
a low level of daily PA. In contrast, handgrip strength was
similar to that observed in age- and sex-matched individu-
als. The degree of impairment in physical function relative
to normative values was independent of sex and age. Muscle
power particularly deteriorates in XLH, and this defect is
positively related to physical activity.

To our knowledge, this is the first study to examine grip
strength and functional capacity in individuals with XLH.
Our findings support earlier work [8], in which adults and
children with XLH had ~30% lower jump power than con-
trols. These deficits were more pronounced in the current
study (55.4%), which may be related to greater severity
of the cases in our cohort. This is supported by findings
of greater impairments in power in individuals with more

Table 3 Physical performance in adults with XLH and normative values. Peak relative power data are from a German cohort [12]; handgrip and

6MWT [14] are from UK adults

Variables XLH Norm P values Male Norm P values Female Norm P values

Peak relative power 193+8.6 44+11.1 <0.0001 21.5+10.1 53+6.5 <0.0001 17.4+6.8 35.8+7.5 <0.0001
(Wkg™)

Handgrip strength (kg) 30.7+104 33.7+10.8 0.317 36.4+11 422+72  0.130 249+5.8 252+6.1 0.505

6MWT (m) 335+102.9 548.8+99.3 <0.0001 373.2+121.7 602.7+174 0.001 296.8+63.8 495+93 <0.0001

Critical value for Bonferroni-corrected comparisons was P <0.0167
Abbreviations: 6MWT six-minute walk test



pronounced symptoms in the previous study. However, the
previous study included limited clinical details about the
severity of the condition; therefore, we are unable to inves-
tigate this possibility further. This is also the first study to
assess whether deficits in physical function differ between
sexes or with age; no evidence was found for an association
in either case. Our study of 26 adults (13 each sex) is similar
in size to the only previous study of muscle function in XLH,
in which 34 adults and children (9 males) participated [8].
The previous study focused largely on younger individu-
als (mean age 23.8 +13.3 years, 1 participant > 50 years)
whereas our study included adults across a broader age range
(44 +16.1 years).

Impaired physical function is an important consequence
of XLH, with>80% UK adults with XLH reporting prob-
lems with mobility compared to 26% in the general popu-
lation [4]. In addition, in qualitative patient interviews,
impaired physical functioning was the most prominent and
most commonly reported impact of XLLH [16]. Despite this,
examination of the effects of existing and new treatments on
physical function in XLLH has been limited, and we suggest
that this should be considered in future studies. Whilst phys-
ical function deficits identified in this study were independ-
ent of sex and age, evidence of a similar age-related decline
in physical function to individuals without XLH suggests
that sarcopenia and functional impacts may become evident
much earlier in this population and hence intervention in
childhood or early adulthood could/might help promote
mobility across the lifespan.

The aetiology of effects of XLH on physical function
remains unclear but is probably multi-factorial. Whilst
impaired phosphate metabolism is likely the underlying
cause of these impairments, this relationship has not been
well explored. In a previous study, the authors found no
association between phosphorus levels (in addition to PTH
levels and treatment status) and muscle function. Such lack
of association might be attributed to high intra-day variation
in phosphorus levels [8]. Whilst muscle imaging was not
performed in this study, previous reports suggest that deficits
in muscle function result from impaired muscle quality (i.e.
low/reduced force per unit of muscle area) rather than quan-
tity (which appeared similar relative to body size) [8]. The
causes of this impairment have not been explored in humans,
although animal studies have identified changes in mitochon-
drial structure [17] and transmembrane potential [18]. Mus-
culoskeletal pain and stiffness commonly reported in XLH
are also likely contribute to impaired performance, whilst
skeletal abnormalities are clearly associated with altered gait
[9]. In particular, deformities, pseudofractures, osteoarthri-
tis and enthesopathies are common in XLH causing pain
and limiting mobility [19]. That these problems are more
common in the lower than upper limbs likely contributes to
observed differences in function between the two regions.

Related to this, groups with impaired lower limb strength
such as elderly individuals or those with osteoarthritis use
the upper limbs in tasks such as rising from a chair [20] or
stair negotiation [21]. The additional workload on the upper
limbs may also explain the lack of a pronounced deficit in
handgrip performance.

Physical activity is associated with a number of compo-
nents of physical function, and low physical activity may
contribute to physical function deficits in this population.
Whilst physical activity was positively associated with jump
power, associations were not observed with other compo-
nents of physical function. This may be related to the use
of questionnaires to assess physical activity in this study.
Associations between physical activity and physical function
are specific to the type/intensity of activity performed and
component of function assessed. Future studies examining
physical activity in more detail via, e.g., accelerometry may
help identify more specific associations, and identify spe-
cific interventional targets, e.g. increase in vigorous physical
activity.

Handgrip strength is the most common method of assess-
ing muscle function clinically, but it is only moderately asso-
ciated with lower limb function relevant to important clinical
outcomes such as mobility, falls and fractures [22]. In this
population, handgrip strength did not reflect deficits in other
components of physical function which may limit its clini-
cal utility. Whilst the 6MWT and countermovement jump
detected large deficits, in a minority of participants, they
were not applicable due to pain or other concerns. Therefore,
future studies of physical function in this population should
consider both applicability and sensitivity of the assessment
techniques used.

There are limitations to this study; as participants were
recruited from those due to receive burosumab for XLH
symptoms, therefore, they likely represent a higher level of
impairment than the broader clinical population. Compari-
sons with existing data were made from multiple publica-
tions; therefore, we were unable to directly assess deficits
of physical function within the same reference individuals.
Recruitment of specific age- and sex-matched controls may
have represented a more robust study design and should be
considered in similar studies in future. We applied a con-
servative Bonferroni correction, which increases the risk of
type II error. However, in no case was a P value between
0.05 and the critical value hence our main findings was unaf-
fected by our choice of analysis. Previous reported incidence
of skeletal manifestations such as hip and knee osteoarthritis
and genu valgum vary substantially but values in our cohort
appear to be within typical range [9, 19]. Therefore, we are
confident that the observed deficits in physical function are
broadly typical of individuals with XLH receiving clinical
care and are not unduly affected by reduced mobility associ-
ated with a high degree of deformity and/or osteoarthritis.



XLH is associated with substantial deficits in multiple
clinically relevant components of physical function, inde-
pendent of sex or age. These deficits were not evident in
handgrip strength, which is the most common clinical tool
for assessment of muscle function. These impairments likely
contribute significantly to impaired mobility and increased
fall and fracture risk reported in this population. Future stud-
ies should examine the mechanisms underlying this dysfunc-
tion, whilst treatment studies should also consider these end-
points in addition to skeletal assessments.
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