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Summary

Hypophosphatasia (HPP) is a rare inherited disease with
a heterogeneous clinical expression. The adult form of
HPP is often difficult to be recognized with a delayed di-
agnosis and inappropriate treatments. Though severity
of HPP decreases with age at onset, important complica-
tions could occur at any age and the burden of HPP
among adult patients is found to be significant. Adult pa-
tients with HPP suffer of chronic pain, recurrent frac-
tures and other orthopedics problems, with severe dis-
ability that have a serious negative impact on all aspects
of their life. The aim of this paper is to summarize the
main aspects of HPP in adult patients reviewing the liter-
ature and focusing on its burden for patients suffering
from this condition.
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Introduction

Hypophosphatasia (HPP) is a rare polymorphic disease that
causes several debilitating effects primarily impacting bone.
HPP results from loss-of-function mutations in the gene of
the tissue-nonspecific isoenzyme of alkaline phosphatase
(TNSALP). Clinical manifestations of HPP are extremely
variable as a result of genetic features and age of appear-
ance, ranging from life threatening to asymptomatic clinical
presentations. Although the major severity of infants and
childhood forms of HPP is a consolidated notion, it is cur-
rently widely established that the separation among different

forms of HPP is not well defined with clinical manifestations
overlapping and that severe complications can occur at any
age. Pointing out the burden of the disease for adult patients
with HPP allows to underline the real impact of this condition
in affected patients, the socio-economical consequence of
HPP and might define future studies to better address the
disease.

Epidemiology of HPP

The exact prevalence of HPP is unknown and it depends
from the form of HPP, population studied and the different
methods used to determine it in the epidemiology studies.
HPP prevalence in severe forms, perinatal and infantile,
ranges from 1/100,000 (1) to 1/900,000 (2) and up to 1/2,500
in population with a founder effect identified (3). The preva-
lence of severe HPP in European population was estimated
to be 1/300,000 (4). On the other hand, the prevalence esti-
mate of milder forms of HPP, including adult form, is highly
difficult to be determined due to the heterogeneity of clinical
manifestations and the lower rate of diagnosis (5). There is
few literature data on the prevalence of HPP mild forms,
which are found to be more frequent than severe ones, with
an estimated prevalence among European populations of
about 1/6,370, according to the genetic model proposed by
Mornet et al. (4).

Etiology and pathogenesis

Alkaline phosphatase (ALP) is essential for skeletal mineral-
ization: its main role is the liberation of inorganic phosphate
(Pi) for hydroxyapatite (HA) crystal propagation (6). This en-
zyme is found to be abundant also in non-calcifying tissues
(e.g., liver, intestine, placenta).
There are four ALP isoenzymes, encoded by four separate
genes: three isoenzymes are tissue specific (intestinal, pla-
cental, and germ cell ALP) and the fourth is the tissue non-
specific ALP (TNSALP), present in all cell types (7). Liver,
bone, and kidney are especially rich in TNSALP, present in
“secondary” isoenzymes (isoforms). The TNSALP gene is lo-
calized on the short arm of chromosome 1 (1p36.1–p34); up
to date more than 300 mutations of TNSALP have been
identified  (http://www.sesep.uvsq.fr/03_hypo_mutations.
php) leading to variable levels reduction of TNSALP activity.
Loss or reduced function of ALP causes the increase of
three phosphoric compounds: inorganic pyrophosphate
(PPi), pyridoxal 5’-phosphate (PLP) and phospho-
ethanolamine (PEA). The extracellular accumulation of these
phosphoric compounds, especially PPi, leads to the impair-
ment of HA crystal formation and growth, thereby producing
rickets and osteomalacia, respectively in children and adults,
and a wide range of other symptoms (Tables 1, 2).
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Nosology and classification

HPP has an extraordinarily wide-ranging expressivity: prog-
nosis is determined by age at diagnosis, inversely related to
the disease outcome, and by severity of skeletal complica-
tions (8-12). Six clinical forms are identified, though this clas-
sification does not unambiguously identify all clinical forms of
HPP and there is not a large consensus on the nosology of
HPP (13): perinatal, prenatal benign (with spontaneous im-
provement of skeletal defects despite prenatal signs of dis-
ease), infantile, juvenile, adult form and odontohypophos-
phatasia (Table 3). The perinatal one is the most severe
form of HPP with marked skeletal hypomineralization already
evident in utero and death occurring at birth or soon after.
HPP forms affecting infants and children are generally criti-

cal forms: the main clinical features are consequences of de-
fective bone and teeth mineralization and include rickets, os-
teomalacia, fractures, teeth loss, systemic manifestations
(i.e. respiratory complications, seizures, nefrocalcinosis,
muscle weakness, chronic pain) (14). Odontohypophos-
phatasia is a particular form of HPP diagnosed among pa-
tients of any age with only dental manifestations and no evi-
dence of skeletal abnormalities (5).

Clinical presentation of HPP adult form

The symptoms of adult form of HPP present great variability
as underlined by a retrospective study of Berkseth et al. (15).
This form is typically diagnosed after middle age (5). The
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Table 1- Pathogenesis and multi-organ involvement of hypophospatasia.

Table 2 - Clinical manifestations of hypophospatasia. 

 Clinical manifestations 

Neurological Seizures (Vit. B6 responsive) – craniosynostosis related symptoms 

Skeletal Defective mineralization, rickets, osteomalacia, bone deformity, multiple fractures, delayed bone healing 

Respiratory Severe respiratory insufficiency (related to chest deformities), respiratory complications 

Muscolar Chronic muscle pain, reduced muscular strength and performance 

Articular Chondrocalcinosis, ectopic calcification of ligaments (enthesopathy), pseudogout attacks 

Renal Hyperphosphatemia, hypercalciuria, nephrocalcinosis 

Dental Premature loss of decidual and permanent teeth, with tooth root intact, caused by deficiency of mineralized 

cementum 

 

PLP: pyridoxal-5’-phosphate, PPi: inorganic pyrophosphate, PEA: phosphoethanolamine.
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typical presenting symptoms at onset are pain caused by re-
current metatarsal stress fractures, due to the osteomalacia,
with delayed or incomplete healing. With more advanced dis-
ease, femoral pseudofractures might occur (typically bilater-
al, in the lateral or medial subtrochanteric diaphysis) with
poor healing that causes severe aching and tenderness in
the thighs. Patients may also complain of chronic muscle pain,
reduced muscular strength and performance related to myopa-
thy, bone pain without fractures. Refractory pain of the extremi-
ties can also be a presenting sign. Some individuals suffer
from chondrocalcinosis, ectopic calcification of ligaments and
pseudo-gout attacks due to calcium PPi dihydrate deposition
(16). Hyperphosphatemia, hypercalciuria may be present as
well. Adult HPP causes recurrent, persistent and disabling or-
thopedic problems. Kidney disorders including nephrocalci-
nosis and premature loss of permanent teeth are other possi-
ble features of this HPP form (5, 9, 14, 15).

Diagnosis

HPP is diagnosed starting from the medical history, physical
examination, laboratory findings and imaging, with the use of
genetic analysis for the TNSALP gene mutations in the con-
troversial cases (8-10, 17). It is not rare that adult patients
are asymptomatic: in this cases the diagnosis of HPP is
made by chance, following distinctive laboratory findings as
low plasma level of ALP and elevated levels of substrates
(PLP, PPi, PEA). Since the clinical features of mild HPP
forms have a less evident and sometimes nonspecific clinical
presentation, the diagnosis of these subtypes of HPP is very
difficult.

Adult patients with HPP

HPP presents a wide spectrum of clinical manifestation in
adults. The female sex is prevalent (15, 18). Adult patients
affected by HPP can both report pediatric or adult onset of
the disease. According to the results of a recent patient-re-
ported survey conducted by Weber et al., the majority of

adult patients with HPP reported a pediatric onset of the
symptoms; moreover, half of the patients with adult onset re-
ported symptoms suspicious for or surgeries suggestive of
pediatric onset of HPP (Table 4) (18). Other studies reported
that between 9 and 50% (15, 19) of adult patients with HPP
recall earlier symptoms of the disease (as the history of mild
rickets and/or early deciduous teeth loss) (10, 15). Based on
these considerations the overall proportion of patients with
putative adult form of HPP, reports pediatric symptoms.
These findings underline the importance of a greater physi-
cians and patients’ awareness to promote early and accurate
diagnosis of HPP. The early and correct identification of HPP
is crucial in order to avoid misdiagnosis and inappropriate
treatments (like high doses of vitamin D and calcium supple-
mentation or bisphosphonates) that may exacerbate symp-
toms and complication of HPP and delay the initiation of the
proper treatment. Since a substantial proportion of HPP
adult forms could be pediatric/juvenile forms that are diag-
nosed later, it is possible to state that HPP subtypes might
be considered as a continuous and wide spectrum of a sin-
gle disease which symptoms and complications can occur at
any age.

Management and treatment of adult patients with HPP

Until recently, no specific medical treatment for any form of
HPP has been available, medical and surgical interventions
were aimed to alleviate symptoms and reduce complications.
Different therapeutic approaches have been attempted in the
past, with transient and inconsistent results (20). Teri-
paratide (parathyroid hormone amino acid 1-34) administra-
tion has been successfully used to improve fracture healing
and resolve stress fractures in some HPP affected adults.
This PTH analog stimulates the synthesis of ALP in os-
teoblast, bringing in some cases to normalize the circulating
ALP levels (21-23). However, concerns about the bone ef-
fects of long term use of this peptide, has limited its use (21).
Enzyme replacement therapy with a recombinant, bone tar-
geted, human enzyme (asfotase alfa) is a novel, specific and
promising treatment in patients affected by HPP. It has al-
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Table 3 - Clinical manifestations in principal forms of ypophospatasia according to age of onset. 

Clinical form 

(age at onset) 

Perinatal 

(birth – 4 weeks) 

Infantile 

(before 6 months) 

Juvenile 

(before 18 yrs) 

Adult 

(after 18 yrs) 

Clinical signs 

and 

symptoms 

!! defective skeletal 

mineralization 

!! chest deformities 

!! severe respiratory 

insufficiency 

!! respiratory 

complications 

!! seizures (Vit. B6 

responsive) 

!! fractures 

!! deformities of long 

bones 

!! death 

!! craniosynostosis 

!! delayed growth 

!! fractures 

!! hypercalcemia 

!! hypercalciuria 

!! nephrocalcinosis 

!! rickets 

!! respiratory 

insufficiency 

!! myopathy 

!! seizures (Vit. B6 

responsive) 

!! early loss of 

decidual teeth 

!! chronic muscle pain 

!! myopathy 

!! defective skeletal 

mineralization 

!! recurrent fractures 

!! rickets 

!! low stature 

!! bone deformities 

!! delayed bone healing 

!! early loss of teeth 

!! chronic bone / muscle 

pain 

!! recurrent fractures / 

pseudofractures 

!! delayed bone healing 

!! osteomalacia 

!! arthropathy w/wo 

chondrocalcinosis 

!! enthesopathy 

!! altered gait 

!! early loss of teeth 
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ready been shown safe and effective in the perinatal and in-
fantile forms of HPP (24-27) and it is now in the clinical de-
veloping phase in adult patients affected by HPP (14, 28).
Though the full beneficial impact of enzyme replacement
treatment might be limited by delayed diagnosis, often seen
in the adult form of HPP, and the consequent late treat-
ment’s initiation, this new therapy might represent an effec-
tive option to be considered for severe adult forms of HPP.

The burden of disease in adult patients with HPP

The patient-reported survey conducted by Weber et al.
among adult patients with HPP (18), revealed the perception
of a high burden of symptoms related to HPP and a dimin-
ished quality of life (QoL) (Table 4). The overall fracture
prevalence was found to be very high in this survey: almost
half of the study population sustained between 6 and more
than 10 fractures over lifetime. The high frequency of frac-
tures among adult patients with HPP was also reported in
other studies (15). HPP had a great negative impact in the
life of the interviewed patients: almost the totality of adult pa-
tients reported chronic pain (at bone, joints and muscles)
and a large majority needed daily use of analgesic drugs;
this finding was confirmed in other studies (15). The QoL
evaluated at different domains and grade of disability, as-
sessed by several instruments, resulted significantly lower
than general population mean, reflecting a great deteriora-
tion of almost all everyday activities. The rate of mobility im-
pairment resulted higher than normal population with a very
high frequency of assistive devices for mobility or home as-
sistance required. The surgical burden was also found to be
very high in adult patients affected by HPP, with almost
three-quarts of patients requiring surgeries, a very important
aspect to be considered, taking into account the high rate of
failure and complications of implant surgeries in adult pa-
tients with HPP due to impaired ossification process. The
course of HPP in adults and its high burden was not depen-
dent on the age of symptoms onset (pediatric or adult), al-
though an overall trend to develop most severe conse-
quences and higher burden (greater duration of symptomatic
disease, increased number of fractures and disability) has
been observed among adult patients with pediatric onset of
HPP. Further studies should better address this issue to de-

termine differences of real and perceived burden of HPP in
adults depending form the duration of disease, distinguishing
adult and pediatric onset. Though it was well recognized that
the greatest burden of HPP is physical, several studies un-
derline that psychiatric sphere was also affected by this dis-
ease: mental and emotional health domains resulted impact-
ed in adult patients with HPP (18) and a psychiatric involve-
ment with symptoms of depression and anxiety more severe
than in a normal reaction to disease has also been reported
(9), as a probable consequence of low levels of ALP in cen-
tral nervous system. Based on the reported considerations,
the social costs of HPP in adults, though not deeply studied
and assessed up to date, could be estimated as very high.
The high disability rate, diminished QoL, needs of assistive
mobility devices, restrictions in daily living and working activ-
ities as well as continuous healthcare assistance of adult
population affected by HPP, requires high economic and lo-
gistic resources. Further researches are needed to better as-
sess the personal and social costs of HPP in adult popula-
tion.

Conclusions

In conclusion, HPP is a multi-systemic disease with deleteri-
ous effects which can appear at different ages and progress
over time. In adults, the symptoms of HPP are often misdiag-
nosed and confused for other more common bone or
rheumatologic diseases leading to delayed diagnosis and in-
appropriate treatment, like high-dose vitamin D, excessive
calcium supplementation and bisphosphonates that could be
ineffective or even worsen the symptoms. A crescent aware-
ness on the complexity and clinical features variability of
HPP presentation in adult patients should be encouraged.
Adult patients affected by this disease can suffer severe con-
ditions and the high burden of HPP is widely recognized both
from patients’ side and society costs. A better comprehen-
sion of adult forms of HPP is very important to reduce the
delay of diagnosis and to recognize all the affected subjects.
In order to reduce the burden of the disease in HPP patients,
it is mostly important to increase the understanding of possi-
ble therapeutic strategies, pointing out indications, dosing,
efficacy and limits of different treatments like enzyme re-
placement therapy and bone anabolic agents.
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Table 4 - Burden of disease in adult patients with hypophosphatasia (% of total patients, n=125). Weber T.J. et al. 2016r 
 

Patients 
characteristics 

Clinical manifestations Fractures sustained over 
lifetime 

Quality of life (QoL) 
and disability 

!! Female prevalence 

!! Majority of pediatric 
(<18yrs) onset 

!! 50% of patients with 
adult onset report 
symptoms or surgery 
suggestive of pediatric 
onset of HPP 

 

!! 96% chronic pain 
"! 82% bone 
"! 73% joints 
"! 53% muscles 

!! 62% daily use of 
analgesic drugs 

!! 90%: at least one 
fracture 

!! 22%: 6-10 fractures 

!! 26%: more than 10 
fractures 

!! health-related QoL lower than 
general population on all 
components and domains 

!! 1/3 of the patients require a device 
to ambulate 

!! 1/4 of the patients use a wheelchair 

!! 3/4 of the patients had required 
surgery in the past 

 

Table 4 - Burden of disease in adult patients with hypophosphatasia (% of total patients, n=125) (18).
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