
M E T A B O L I S M C L I N I C A L A N D E X P E R I M E N T A L 6 5 ( 2 0 1 6 ) 1 5 2 2 – 1 5 3 0

Ava i l ab l e on l i ne a t www.sc i enced i r ec t . com

Metabolism
www.metabo l i sm jou rna l . com
Burden of disease in adult patients with

hypophosphatasia: Results from two
patient-reported surveys
Thomas J. Webera,⁎, Eileen K. Sawyerb, Scott Moseleyb, Tatjana Odrljin b,1,
Priya S. Kishnani a

a Duke University Medical Center, 08 Baker House, DUMC 3470, Durham, NC, 27705, USA
b Alexion Pharmaceuticals, Inc., 100 College Street, New Haven, CT 06510, USA
A R T I C L E I N F O
Abbreviations: CPAP, continuous positive a
Outcomes Study Telephone Interview; HPP,
phosphate; PPi, inorganic pyrophosphate; Qo
36-item Short Form Health Survey Questionn
⁎ Corresponding author at: Division of Endocr

3470, Durham, NC, 27705. Tel.: +1 919 668 13
E-mail address: thomas.weber@duke.edu

1 Current affiliation: Shire Pharmaceuticals

http://dx.doi.org/10.1016/j.metabol.2016.07.0
0026-0495/© 2016 Published by Elsevier Inc.
A B S T R A C T
Article history:
Received 30 December 2015
Accepted 14 July 2016
Background. Hypophosphatasia (HPP) is a rare metabolic bone disease caused by loss-of-
function mutation(s) in the tissue-nonspecific alkaline (TNSALP) phosphatase gene, which
manifests as rickets and/or osteomalacia with systemic complications and affects patients
of all ages. The burden of disease is poorly characterized in adult patients.

Aims. We assessed patient-reported burden of disease using two surveys reasonably
specific for HPP symptomatology, the Hypophosphatasia Impact Patient Survey (HIPS) and
the Hypophosphatasia Outcomes Study Telephone interview (HOST).

Methods. Patients with HPP were invited to participate via patient advocacy groups or
their medical provider. Survey questions captured demography, HPP-related medical
history, mobility, and health-related quality of life (using Short Form 12 [version 2] Health
Survey [SF-12v2]) via internet report (HIPS) or telephone interview (HOST).

Results. One hundred twenty-five adults responded (mean [standard deviation, SD] age:
45 [14.3] years). Eighty-four patients (67%) reported pediatric-onset of their symptoms.
Common clinical features in the study population included pain (95% of patients), fractures
(86% of patients) muscle weakness (62%) and unusual gait (52%). Use of assistive devices for
mobility (60%) was also prevalent. Twenty-six percent of patients reported more than 10
fractures. Seventy-four percent of patients had undergone orthopedic/dental surgical
procedures. The health profile of patients responding on the SF-12 showed a broad and
substantial impact of HPP on health-related quality of life, with domains related to physical
ability showing the greatest decrement compared to normative data.

Conclusions. In aggregate, these data indicate that HPP can confer a high burden of illness
in adulthood.

© 2016 Published by Elsevier Inc.
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1. Introduction

Hypophosphatasia (HPP) is a rare metabolic bone disease
caused by loss-of-function mutation(s) in the tissue-
nonspecific alkaline phosphatase (TNSALP) gene (ALPL) [1,2].
Approximately 300 pathogenic mutations have been identified
[3], resulting in variable levels of TNSALP activity and a
spectrum of clinical phenotypes. Historically, HPP has been
defined on the basis of age at onset of symptoms (perinatal,
infantile, childhood [6 months to 18 years of age], and adult
onset), with disease severity inversely related to age at
symptom onset. Although severity in terms of mortality risk is
highest in infants, it is now recognized that the clinical
presentation of HPP can be variable, with severe complications
occurring at any age, and that overlap in symptoms is observed
across these subtypes. Odontohypophosphatasia, in which a
patient of any agemanifests only dental symptoms (premature
tooth loss and overall poor dentition), has also been described
[1]. However, dental symptoms are frequent across all forms of
HPP and may present as the first indication of disease [1,4].

TNSALP is a cell-surface ectoenzyme that plays a key role in
skeletal mineralization through the hydrolysis of inorganic
pyrophosphate (PPi), a potent inhibitor of skeletal mineraliza-
tion [5]. In HPP, accumulation of PPi due to deficient TNSALP
activity results in skeletal hypomineralization, leading to
osteomalacia at all ages and HPP-related rickets in infants and
children [1]. Mortality is high (50%–100%) within first two years
of life in patients with perinatal- and infantile-onset HPP [1,6,7],
primarily due to respiratory compromise most likely resulting
from the presence of a rachitic chest [8–11]. Pyridoxine-
responsive seizuresmay occur in infants due to central nervous
system deficiency of pyridoxal-5′-phosphate (PLP, the active
form of vitamin B6 and cofactor for multiple neuronal
pathways), which requires dephosphorylation by TNSALP to
cross the cell membrane. Pyridoxine-responsive seizures are
considered a poor prognostic sign [6,7].

Children who survive infancy, as well as those who first
present with symptoms at age 6 months or later, may develop
craniosynostosis, often with a consequent increase in intracra-
nial pressure andneurological complications, requiring surgical
intervention. Skeletal deformities (including rickets, kyphosis
or scoliosis, and bowing of legs), fractures (some of which may
require fixation), chronic bone, muscle and/or joint pain,
proximal muscle weakness, gait abnormalities, short stature,
hypercalcemia and/or hypercalciuria, nephrocalcinosis, and
delayed or missed gross motor milestones may also occur
[1,2,11]. Early tooth loss is common andmay represent the first
sign of HPP in patients presenting after 6 months of age [1,2].

Morbidity of HPP in adults largely has been reported via case
reports, kindred studies, and single-center retrospective chart
reviews [12–17] that collectively report osteomalacia, fractures
(nontraumatic, recurrent, non-healing) or pseudofractures,
muscle weakness and pain, ectopic calcification in the joints
causing swelling andpain, and bonepainas prominent features
of HPP in adults, regardless of age at onset [11]. Some case
reports describe progressive decline in physical function and
mobility in adults [14,18,19], indicating a risk for accumulation
or worsening of symptoms over time. The generalizability of
these studies to the broader adult patient experience is not
known. The goal of the present study was to understand and
characterize the burden of disease in adult patients with HPP
from the patient perspective.
2. Materials and Methods

2.1. Survey Instruments

Two survey instruments were developed by the study sponsor
(Alexion Pharmaceuticals, Inc.) to evaluate the patient-reported
symptomology and burden of disease of HPP (provided in
Appendix). Questions were designed to capture HPP-related
events of interest through yes/no, “check all that apply”, and
multiple choice answers. Free text fields provided additional
information for some categories. No psychometric assessments
were performed for these instruments.

2.1.1. Hypophosphatasia Impact Patient Survey (HIPS)
The HIPS consists of approximately 40 questions on demogra-
phy, medical history, and functional abilities. A portion of the
HIPS comprised the 12-item Short Form Health Survey Ques-
tionnaire version 2 (SF-12v2) [20]. The SF-12v2 is amodified and
validated version of the 36-item Short Form Health Survey
Questionnaire (SF-36) that assesses health-related quality of life
(QoL) through Physical and Mental Health Component summa-
ry scores and 8 health-related domains. No modifications were
made to the SF-12v2 questions, and the tool was included in its
entirety as part of the HIPS (questions 1–7, Appendix). Medical
history of developmental, bone, joint, pulmonary, oral, muscu-
lar, and renal complaints was assessed via “check all that
apply” questions listing symptoms associated with HPP.
Surgical history, home modifications, and use of outpatient
health services, paid assistance, andmobility aids were also all
assessed through “check all that apply” questions. Fracture
history and current respiratory requirements were assessed
through yes/no questions, followed by free text fields and
multiple choice questions querying location andhealing status.

2.1.2. Hypophosphatasia Outcomes Study Telephone Interview
(HOST)
The HOST consisted of approximately 37 questions covering
demography, medical history, and physical function. First and
current HPP symptoms were collected via free text responses.
Medical history of HPP-related symptomswas queried via yes/
no responses to a list of symptoms covering developmental,
bone, joint, pulmonary, oral, muscular, and pain complaints.
Change in disease state was assessed throughmultiple choice
options asking whether each symptom was better, worse, or
unchanged compared to 5 years ago. Location of fractures and
pain complaints were collected via free text responses.
Functional ability was measured through “check all that
apply” questions listing activities necessary for daily living
and use of mobility aids as well as yes/no questions related to
difficulties with work or school, sleeping, and eating.

2.2. Participants and Survey Administration

All patients or their caregivers provided informed consent
prior to participation. The HIPS was conducted between
September 9, 2009 and June 15, 2011 and administered via



Table 1 – Patient demographics and characteristics of
survey respondents.

Characteristic Patients (n = 125)

Gender, n (%)
Males 42 (34%)
Females 83 (66%)

Mean height, cm (SD) a

Males (n = 37) 165.3 (18.4)
Females (n = 79) 159.0 (9.0)

Mean age at survey, years (SD) 45.0 (14.3)
Min, max 18, 77
Mean age at onset, years (SD) 12.5 (16.5)
Min, max 0, 57
Mean time with disease, years (SD) 33.5 (17.1)
Min, max 0, 67
Onset category, n (%)
Pediatric (<18 years) 84 (67%)
Adult (≥18 years) 34b (27%)
Missing 7 (6%)

Location
United States 82
Europe 29
Canada 7
Asia 2
Other c 5

Fryar CD, Gu Q, Ogden CL. Anthropometric reference data for
children and adults: United States, 2007–2010. Vital Health Stat.
2012;11(252): 1–48.
a As one point of reference, the Centers for Disease Control
average heights for adults age 20 years and older are: men, 176 cm;
women, 162 cm.
b 17 patients had findings suspicious for earlier onset reported
elsewhere in the survey. See Table 2.
c Australia, New Zealand, Turkey, and Other (Not Specified).
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self-response on the internet. The HOST survey was conduct-
ed primarily via telephone interview between December 10,
2010 and March 12, 2011. Six licensed physical therapists
served as interviewers for HOST.

Patients with HPP were invited to participate via contact
with patient advocacy groups (HIPS, HOST) or their medical
provider (HOST). The HOST survey asked the respondent to
provide the year of diagnosis; age at diagnosis; and the name,
location, and physician specialty (if possible) of the doctor
who confirmed the diagnosis. Participation did not require
independent confirmation of HPP diagnosis. The patient
sample included children (<18 years old at the time of survey)
and adults (≥18 years old at the time of survey). Responses
were provided either by the patient or by their primary
caregiver or a family member, and were anonymous. Respon-
dent type was not specified by survey guidelines. This paper
describes the results for the adult population only.

A donation of USD$20 or EUR€15 was made to the HPP
patient advocacy group of the respondent's choice for each
patient completing HIPS.

2.3. Survey Data Analysis

Data from questions common to both surveys were combined
for analysis. Data from questions unique to a survey were
analyzed for that survey population alone. For the HOST
survey data, non-responders were censored and omitted from
the analyses for that particular question. In some cases in
HIPS, in which it was not possible to discern a non-response
vs. a “no” response, the response was conservatively consid-
ered a “no.”

Patients were classified into “pediatric-onset HPP” (<18 years
of age) or “adult-onset HPP” (≥18 years of age), based on
responses to the single question “At what age did you first
experience symptoms of hypophosphatasia?” on the HIPS and
“How old were you when you first experienced symptoms of
hypophosphatasia?” on the HOST survey. Descriptive statistics
are presented for patients in each category. In all cases, the
denominator is the number of responders for a given question.
Timewithdiseasewas calculated as the time from first symptom
(difference between a patient's reported age at onset of symp-
toms and age at time of survey). Means are reported as mean
(standard deviation, SD).

2.3.1. SF-12v2 Scoring
Norm-based Physical and Mental Component summary and
domain scores were determined from SF-12v2 responses on
HIPS. Norm-based scoring allows comparison to the general
population norm (mean = 50, SD = 10), based on a 1998 US
general population sample [20]. Means and 95% confidence
intervals (CIs) were calculated for summary and domain scores.

2.3.2. Sensitivity Analysis
To assess possible bias introduced by self-report of age at
symptom onset, the survey responses of patients reporting
onset over age 18 years were examined for report of
symptoms suggestive of pediatric onset (Table 1). Summary
data were calculated with patients reporting pattern of
symptoms consistent with pediatric onset reclassified into
that subgroup.
3. Results

3.1. Study Population

One hundred eighty-four respondents from 16 countries
participated across the two survey instruments (133 HIPS, 51
HOST). Of these, 125 patients were adults aged 18 years or
older at the time of survey (89 HIPS, 36 HOST). One hundred
sixteen patients responded on their own behalf. In addition, 7
patients responded through their caregivers and 2 patients
responded through someone identified as “other”.

Patient demography and characteristics for the survey respon-
dents are presented in Table 1. Overall, the mean (SD) time from
first symptom to time of survey was 33.5 (17.1) years (pediatric-
onset: 40.1 [13.9] years; adult-onset: 17.1 [12.6] years). Themajority
of patients (67%) reported pediatric onset of their symptoms and
27% reported adult onset. Six percent did not provide age at onset
and therefore are only represented in the dataset for the overall
study population. Of the adult patients reporting pediatric-onset,
30% reported onset prior to 1 year of age and 70% reported onset
after 1 year of age. The mean age at time of survey was
approximately a decade greater in the adult-onset group
(53.7 years, SD 12.3; n = 34) compared to the pediatric-onset
(42.9 years, SD 13.4; n = 84) group. Data are presented for the
overall study population unless otherwise noted.



Table 2 – History of bone and systemic manifestations of HPP in adults a.

All ≥18 Years
(n = 125)

Pediatric-onset
(n = 84)

Adult-onset
(n = 34)

Systemic manifestations
Muscle weakness 77/124 (62%) 53/83 (64%) 22/34 (65%)
Unusual gait b 46/89 (52%) 38/62 (61%) 8/22 (36%)
Delayed walking 44/117 (38%) 39/78 (50%) 4/32 (13%)
Short stature 45/125 (36%) 37/84 (44%) 7/34 (21%)
Flexible joints 38/125 (30%) 30/84 (36%) 7/34 (21%)
Difficulty gaining weight 33/124 (27%) 26/83 (31%) 6/34 (18%)
Difficulty breathing b 24/89 (27%) 17/62 (27%) 7/22 (32%)
Seizuresb 8/89 (9%) 8/62 (13%) 0/22 (0%)
Nephrocalcinosis b 7/89 (8%) 5/62 (8%) 2/22 (9%)
Kidney stonesb 6/89 (7%) 4/62 (6%) 2/22 (9%)

Bone manifestations
Bowing of legs 38/125 (30%) 34/84 (40%) 3/34 (9%)
Abnormally shaped chest 27/125 (22%) 24/84 (29%) 2/34 (6%)
Abnormally shaped head 26/116 (22%) 24/82 (29%) 1/27 (4%)
Knock knees 26/125 (21%) 22/84 (26%) 3/34 (9%)
Bowing of arms 19/125 (15%) 18/84 (21%) 0/34 (0%)

Data are expressed as number reporting a particular disease manifestation divided by the total number of patients who responded to the
question.
a Seven patients did not provide age at onset.
b Assessed on HIPS only (n = 89).

ig. 1 – Total fractures sustained by all adult patients with
PP (n = 125; black bars), adult patients with pediatric-onset
f HPP (n = 84; open bars), and adult HPP patients with adult-
nset of HPP (n = 34; gray bars). The majority of patients
ustained 2 or more fractures, and 32 sustained more than
0. The maximum number of fractures reported was 100.
umulative fracture incidence was distributed similarly
cross the onset types. The percentage of patients in each
ategory is given over the corresponding bar. Note that 8
atients did not respond.
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3.2. Burden of Disease: General

3.2.1. Systemic Disease Features
Most patients reported histories of muscle weakness (62% of
patients) and unusual gait (52%) (Table 2). Seizures and renal
complications were least frequent (7%–9%; HIPS). On HIPS, 9
patients (aged 30–64 years) reported current use of respiratory
devices: 4 used continuous positive airway pressure (CPAP), 2
used supplemental oxygen, and 3 did not provide the device.

3.2.2. Pain
Reports of HPP-related pain were prevalent in both surveys.
Overall, 95% of patients reported experiencing pain; of these
patients, 95% reported that the pain was recent (within
2–4 weeks). On the HIPS, patients specifically reported bone
(82%), joint (73%), and muscle (53%) pain. Bone pain was
reported by 76% of patients as severe enough to limit
activities; 69% required medication for the management of
bone pain.

3.3. Burden of Disease: Skeletal

3.3.1. Bone Manifestations
The most commonly reported bone manifestation was bowed
legs (30% of patients overall; Table 2). Bowing of arms was
least frequent (15%).

3.3.2. Fractures
Overall, 86% of patients had sustained at least one fracture (Fig. 1).
Multiple fractures were prevalent: 74% of patients reported 2 or
more fractures, and nearly 50% reported more than 6 fractures.
Among patients with fractures, the mean (SD, min-max) number
of fractures was 12.9 (19.0, 1–100). When asked to provide a
qualitative age at first fracture, 1% of patients reported first
fracture during infancy, 38% during childhood, 16% during
adolescence, and 45% during adulthood.
On the HIPS, 14% of patients reported sustaining vertebral
fractures, while 51% reported non-vertebral fractures.
Thirty-six percent had experienced non-healing fractures,
and 44% reported incomplete or pseudofractures. Fracture
type/location was not quantified from the HOST.

3.3.3. Surgeries
Seventy-four percent of patients in HIPS reported a history of
surgery. Themost common surgeries were for fracture fixation
F
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Fig. 2 – The proportion of all adult patients with HPP (n = 125; black bars), adult patients with pediatric-onset HPP (n = 84; open
bars) and adult patients with adult-onset HPP (n = 34; gray bars) employing adaptive strategies for disability. Note that patients
could report use of more than one type of adaption. The percentage of patients in each category is given over the
corresponding bar. aHome modifications consisted of alterations to the kitchen, bathroom, bedroom, and/or entries. Assessed
on HIPS only.
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(44%), ranging from placement of internal rods or plates to
external support. Patients also reported osteotomies (15%),
skull surgeries (12%), joint replacements (11%), corrective
surgery for club foot (3%), and stapling of growth plates (2%).
Dental procedures indicative of poor dentition were common:
44% reported root canals, while 16% had had dental implants.

A single question assessed surgical history on the HOST
survey: 72% of patients reported having undergone surgery to
insert hardware (screws, rods, plates, or any internal fixation).

3.4. Burden of Disease: Function

3.4.1. Mobility
Sixty percent of patients reported that they required use of an
assistive device at some time (Fig. 2). Themeannumber of devices
used per patient was 2.0 (2.5). At the time of survey, 34% of
patients reported currently using an assistive device to walk, and
22% reported the use of a wheelchair. Sixty-nine percent (HOST
only) of patients reported that their walking had worsened since
HPP diagnosis. No patients reported improvement in walking.

3.4.2. Home Modifications, Assistance, and Outpatient Health
Services
HIPS assessed the need for home modifications and paid
services. Thirty-two percent of patients reported that they
hadmodified their homesdue toHPP-relatedphysical limitations
(Fig. 2). The most frequent locations modified were the entry
(18%) and the bathroom (21%). Patients also reported modifica-
tion to a bedroom (10%) and the kitchen (5%). Seventeen percent
of patients reported requiring physical therapy. Fourteen percent
reported employing household assistance for activities such as
cleaning, shopping, and cooking due to their disease.

3.4.3. Activities of Daily Living
Overall, patients reported that their health impaired their
function and limited their daily activities. Mean (95% CI)
scores were below the general population mean of 50 on all
SF-12v2 components and domains (Fig. 3A). The Physical
Component Summary score from the SF-12v2 portion of the
HIPS was substantially below the normal mean and analysis
of the separate domains revealed that mean Physical Func-
tioning, Role-Physical, and Bodily Pain scores were the most
impacted, with the majority (74%–77%) of patients scoring
below 1 SD of the population mean (i.e., below 40). Social
Functioning, General Health, and Role-Emotional were also
below the normal mean but within 1 SD, while the Mental
Component Summary score, Vitality, and Mental Health were
least impacted with means approximately half an SD below
the general population.

Consistent with the results from the SF-12v2, the HOST
survey found that between 35% and 81% of patients reported
limitations in specific activities ranging from descending
stairs to reaching for items overhead (Fig. 3B).

3.5. Burden of Disease: Pediatric-Onset versus Adult-Onset

The results of the overall study population were generally
reflective of the results for both the pediatric- and adult-onset
subgroups, although it should be noted that the majority of
patients (67%) reported pediatric-onset of their HPP symptoms.
Exceptions are presented below.Of the patients reporting adult-
onset, 17/34 (50%) reported history or surgeries suggestive of
pediatric onset of symptoms elsewhere in the survey (Supple-
mentary Table 1). Reclassifying these patients generally did not
alter the pattern of results comparing between the two sub-
groups.

3.5.1. Disease Manifestations
As expected, disease features typically associated with
pediatric-onset HPP such as seizures and bone deformities
were reported at higher rates in patients who reported
pediatric-onset of symptoms (see Supplementary Table 2 for
HPP-specific medical history in the reclassified subgroups).
Other features, including history of difficulty breathing, were
reported at similar rates in both the pediatric- and adult-
onset subgroups. However, 7 of the 9 patients reporting



Fig. 3 – The impact of HPP on QoL and activities of daily living. A) Health-related QoL as assessed by the SF-12v2 Component
Summary scores and eight domains (HIPS, n = 89). Means are given within each bar. B) Self-reported inability to perform
activities of daily living (HOST, n = 36). The number and percentage of patients in each category is given within and over each
bar, respectively.
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current use of a respiratory device had pediatric onset; 1 of the
2 patients with adult onset was reclassified into the pediatric-
onset subgroup in the sensitivity analysis.

3.5.2. Fractures
Pediatric- and adult-onset patients reported similar numbers
of fractures overall; however, with the 17 adult-onset patients
suspicious for pediatric onset reclassified, a trend towards
higher numbers of fractures in the pediatric-onset group
emerged (Supplementary Table 3). This was mainly driven by
a corresponding decrease in the number of adult-onset
patients reporting more than 10 fractures (data not shown).

3.5.3. Mobility
On the HOST survey, a greater proportion of pediatric-onset
patients (86%) reported difficulty with walking than adult-onset
(67%).More adult-onset patients reported difficultywith standing
from a sitting position (67%) than pediatric-onset patients (46%).
Proportions of patientswith limitationswere similar between the
two subgroups for other activities of daily living.

Reclassification of patients suspicious for pediatric onset
of symptoms resulted in higher rates of current mobility
device use in the pediatric-onset subgroup relative to the
adult-onset subgroup (Supplementary Table 3).
4. Discussion

Hypophosphatasia presents a spectrum of disease symptoms
in adults. This is the first study to characterize patient-
reported burden of illness and QoL in adult patients with HPP.
The traditional nosology for HPP distinguishes several forms
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based on perinatal, infantile, childhood/juvenile, and adult
onset of disease. However, like any rare disease, the nomen-
clature and classification system is one that warrants
reconsideration based on emerging evidence. Due to the
limitations of the present study, we classified patients
according to pediatric (<18 years) or adult (≥18 years) onset
of disease. Our results characterize a patient perception of a
high burden of HPP-related symptoms in adulthood associat-
ed with diminished QoL, regardless of the age at onset.

The majority of adult patients reported pediatric onset of
theirHPP symptoms. In this particular cohort of patients, 50%of
patients who reported that their first symptom occurred in
adulthood also reported symptoms suspicious for pediatric
onset of HPP elsewhere in the survey. These signs and
symptoms included bone manifestations and corrective sur-
geries suggestive of deformities associated with rickets, cranio-
synostosis, and developmental delays, which are typical of
infantile- and childhood/juvenile-onset HPP. This suggests that
the overall prevalence of adult-onset HPP in our patient sample
may have been as low as 14% (17/125) rather than 29%.

Other studies have reported that 9%–50% of patients
diagnosed with HPP in adulthood recall earlier symptoms
[12,21], generally consistent with our finding that half of the
adult patients with putative adult-onset HPP reported pediatric
symptoms. These findings reinforce theurgent need to increase
both physician and patient awareness of HPP symptoms to
foster accurate and timely diagnoses. This is particularly
important as misdiagnosis may lead to treatments that
exacerbate complications in patients with HPP; for example,
vitamin D and calcium supplementation for presumed nutri-
tional rickets in children with HPP can lead to hypercalcemia
and hypercalcuria with nephrocalcinosis [22], and treatment
with bisphosphonates could possibly increase the risk of
atypical femoral fractures in adults with HPP [23,24].

Respiratory compromise requiring ventilator assistance is
more common in infants and young childrenwith HPP [1]. A few
adults in this study reported currentuse of supplemental oxygen
and CPAP. The reasons for respiratory support were not
collected. Given that CPAP and supplemental oxygen may also
be used to treat other disorders (e.g. sleep-disordered breathing,
which has a prevalence of 5%–14% in the adult population),
caution is needed in interpreting these respiratory findings as
related to HPP. Nonetheless, this finding warrants further study.

Overall, the burden of disease is high in adults with HPP,
resulting in use of assistive devices for mobility and adaptive
strategies to accommodate disability such as household
assistance and homemodifications reported herein. Although
direct comparison to an unaffected adult population is not
possible in this analysis, the rate of mobility impairment was
generally higher than that seen in normal adults (14% overall
in normal adults) [25]. Burden of disease appeared similar in
patients who reported pediatric versus adult onset of symp-
toms, although the reclassification analysis suggests that
inaccurate self-reported age of onset could artifactually
increase the numbers of individuals with multiple fracture
and assistive device use in the subgroup with self-reported
adult-onset HPP. Nonetheless, overall fracture prevalence was
high across all adult patients (86% vs. approximately 40%–55%
reported in the general population over 18 years old [26]). In
the general population, the non-union of all fractures ranges
between 5%–10% [27]. In addition, similar rates were reported
between subgroups for surgeries not specific to growth.
Nearly all patients in both subgroups reported recent pain.
Taken together, this suggests that the presentation and course
of active disease in adulthood is not dependent on age at onset,
although the few patients with adult-onset HPP in this study
limits the ability to draw conclusions regarding true differences
or lack thereof between these two subgroups. Further research
is needed to establishwhether greater duration of symptomatic
disease is associated with increased numbers of fractures and
rates of assistive device use in adults.

Our results indicate that the burden of HPP in these
patients significantly diminishes health-related QoL as mea-
sured by the SF-12v2. Mean (95% CI) scores were below the
general population mean of 50 on all components and
domains, strongly suggesting a broad impact and substantial
burden of HPP on adult patients. Domains related to physical
function, including ability to perform job-related functions
(Role-Physical), were impacted most substantially. Notably,
patients scored lowest on the Bodily Pain domain, consistent
with the high prevalence of pain reported elsewhere on the
surveys, and thereby identifying pain as a key symptom in
adults. This high impact on physical function is similar to
other rare diseases affecting the musculoskeletal system,
including findings from Gaucher disease [28], Pompe disease
[29,30], and results recently reported for adults with X-linked
hypophosphatemia [31]. However, our results indicate that
while the greatest burden of HPP is physical, it also has
ramifications for mental and emotional health as reflected by
lower scores across these domains as well.

The high physical burden of HPP reported on the SF-12v2 is
consistent with the variety of adaptive strategies that patients
reported employing for their disability: nearly two-thirds of
patients had required assistive devices for mobility in the
past, while at time of survey, one-third required a device to
ambulate, and nearly a quarter used a wheelchair. Impor-
tantly, over two-thirds of patients reported that their walking
had worsened since diagnosis, highlighting the risk for
progressive loss of function due to HPP.

The societal cost of HPP is not yet known but is likely to be
substantial, based on these data. In addition to assistive
mobility devices, the restrictions in activities of daily living
and participation imposed by HPP necessitated a variety of
adaptive coping strategies and health care resources in this
patient population, including homemodifications, paid home
assistance, and outpatient therapies. The surgical burden in
adults with HPP is high; nearly three-quarters of the patients
had required surgery, with fracture fixation as the most
common, consistent with reports of non-healing fractures
[19]. Notably, implant surgeries frequently fail in HPP patients
[11,19]. Although not assessed here, ability to fully participate
in gainful employment is likely to be affected by the high
burden of disease and disability reported herein. Together,
this suggests that HPP culminates in both high personal and
societal cost due to utilization of health care services and lost
productivity. Additional investigations are required to more
accurately quantify the true societal cost of HPP.

Asfotase alfa has been approved in the United States for
the treatment of patients with perinatal-, infantile-, and
juvenile-onset HPP. Most recently, Briot and Roux [32]
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reviewed the management of HPP in adults and highlighted
that there are “encouraging data with the use of a bone-
targeted form of recombinant TNSALP [asfotase alfa] in severe
infantile forms of HPP.” However, “there are no detailed data
on use of this treatment in adults” [32]. Preliminary data
presented in abstract form showed that PLP and PPi decreased
and performance on the 6-Minute Walk Test improved in
adolescents and adults with HPP during treatment with
asfotase alfa [33]. In this study, 16 patients (total N = 19) had
either infantile- or juvenile-onset HPP. At this time, we do not
have data to determine effect on fracture healing or treatment
criteria for the use of asfotase alfa in adults with HPP. Thus,
potential criteria for the treatment of adults with HPP will be a
topic of interest as we learn more about this disease and
viable treatment options in adults.

Interestingly, we observed a greater percentage of adult
females in our survey sample (66%; n = 83/125). Recently,
Berkseth and colleagues reported a similar proportion in a
retrospective analysis at the Mayo Clinic (68%, 15/22) [12].
However, a retrospective analysis of a younger population
(infants and juveniles) reported the opposite finding (60%
males overall; 72% males when considering only those with
the “severe childhood HPP” designation) [34]. The differing
apparent sex distributions may reflect differences in age in
which active disease presents (e.g. perhaps due to estrogen
deficiency, which may further compromise bone mass during
menopause) or differences in patterns of health care utiliza-
tion (as speculated by Whyte and colleagues, due to greater
parental concern over the presenting symptoms of muscle
weakness and short stature in young boys relative to young
girls). Although the evidence is suggestive, further study is
required to define the sex distribution of symptomatic HPP in
different age groups.

It is important to recognize this was a survey-driven study,
and is subject to the limitations inherent to patient-reported
data. Patients were invited to participate based on existing
diagnosis of HPP, and data were not verified by examination
of medical records. No data were collected regarding the
methods by which HPP was diagnosed. Invitations to partic-
ipate were made through contact with patient advocacy
groups or health care institutions (referral by physician),
which could bias the participant population towards patients
with disease severe enough to seek medical care or commu-
nity support. Conversely, the patients most severely affected
by HPP in infancy and early childhood do not survive to
adulthood, and thus, as survivors of pediatric-onset HPP, the
adults with pediatric-onset HPP in the present surveys likely
would have been less severely affected as children. Therefore,
the full spectrum of disease severity may not be represented
in this study population. Furthermore, survey invitations
were not recorded; therefore, it is not possible to assess
whether there may be bias due to self-selection in survey
responders. Finally, since patients only noted onset of
symptoms as less than 1 year old, differences in symptoms
could not be assessed between adult survivors of infantile-
onset (<6 months) and childhood/juvenile-onset (≥6 months)
HPP, as classically defined.

In summary, the present study represents a significant
step forward in our evolving understanding of HPP by
providing insight into the high burden of disease reported by
patients themselves. The results of this study confirm that
adults with HPP can suffer severe disease with coincident
fractures, muscle weakness, pain, decreased functional sta-
tus, and diminished QoL, consistent with cases reported in
the literature [14,18,19] and supportive of the growing
recognition that HPP can be present with severe signs and
symptoms across all forms of the disease. Additional inves-
tigations, such as a recently initiated HPP Registry, are needed
to confirm and extend the insights provided by the present
study to provide a deeper understanding of the natural
history and clinical course of HPP in adult patients. A
comprehensive understanding of the natural history of HPP
in adults is imperative not only for improving recognition and
diagnosis of this rare disease, but also for establishing
indications for and evaluating the efficacy of potential
treatment options in the future.
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