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Hypophosphatasia: From Diagnosis to Treatment
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Abstract
Purpose of Review Hypophosphatasia (HPP) is a rare genetic disorder caused bymutations of the ALPL gene. ALPL encodes the
tissue-non-specific isoenzyme of alkaline phosphatase (TNSALP). Consequently, bone mineralization is decreased leading to
fractures, arthralgia, and extra-skeletal manifestations including tissue calcification, respiratory failure, and neurological com-
plications. This review summarizes the most important clinical findings, diagnosis, and treatment options for HPP.
Recent Findings Asfotase alfa is a recombinant human alkaline phosphatase, used as treatment for the underlying cause of HPP.
Asfotase alfa enhances the survival in life-threatening HPP and improves bone mineralization, muscle strength, and pulmonary
function. However, discontinuation of asfotase alfa leads to reappearance of bone hypomineralization.
Summary Due to its varied manifestations, HPP often mimics rheumatological and other bone diseases, thereby delaying its
diagnosis. Asfotase alfa, a recombinant alkaline phosphatase, is available for the long-term enzyme replacement therapy in
patients with pediatric-onset HPP to treat the bone manifestations of the disease.
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Introduction

Hypophosphatasia (HPP) is a rare inherited systemic metabol-
ic disorder caused by a mutation of the tissue-non-specific
isoenzyme of alkaline phosphatase (TNSALP). The
TNSALP gene was first identified in 1948 [1•, 2]. Due to
isoenzyme mutation, the activity of alkaline phosphatase
(ALP) is reduced. Mutation of the TNSALP gene is normally
found in bones and developing teeth, but the kidneys, lungs,
and liver can be affected [3••, 4]. ALP plays an essential role
in skeletal development [1•, 5, 6]. Consequently, low ALP

reduces bone mineralization and leads to various skeletal
and extra-skeletal disorders including impaired skeletal
growth and mobility as well as respiratory insufficiency.
Moreover, neurological complications have been reported.

Background

The clinical spectrum of HPP ranges from life-threatening
infant manifestations or death in utero to mild forms in adults
with only dental symptoms or skeletal manifestations [1•, 3••,
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7•,8,9]. Severe forms in infants show an autosomal recessive
inheritance, whereas mild forms in adults reflect autosomal
dominant inheritance of TNSALP gene [6]. Prevalence and
incidence rates of HPP are not well characterized and differ
greatly across countries. Incidence rates range from 1:100,000
to 1:500,000 [10–15]. For the Mennonite population in
Manitoba, Canada, an incidence rate of 1:2500 [14, 16] was
reported. HPP not only seems to be a disease which affects
primarily Caucasians but also occurs in Japanese, Native
Americans, Chinese, and Hispanic people [6].

Due to low activity of ALP, extra-cellular accumulation of
several substrates such as inorganic pyrophosphate (PPi),
phosphoethanolamine (PEA), and pyridoxal 5′-phosphate
(PLP) occur [3••, 5, 7•, 17, 18]. TNSALP dephosphorylates
PPi on osteoblast membranes into inorganic phosphate (Pi).
Together with Ca2+ Pi it forms hydroxyapatite (HA), the ma-
jor inorganic substance in bones and teeth. Consequently, high
PPi disrupted bone mineralization impedes calcium deposi-
tion [1•, 19, 20].

PEA is another substrate of TNSALP. High urinary levels
of PEA could support the diagnosis of HPP but are also ob-
served in other metabolic bone diseases [18, 21–23]. PLP is a
co-factor form of vitamin B6 and also a substrate of TNSALP.
Its dephosphorylated form crosses the cell membrane and is
rephosphorylated inside the central nervous system.

PLP is involved in neurotransmitter synthesis in the brain
similar to serotonin, dopamine and GABA (Gamma-amino-
butyric-acid). In some cases, low TNSALP activity results in
low intracellular PLP in which seizures may occur [3••, 5, 19,
24, 25]. The pathophysiology of HPP is well documented and
can be categorized into five forms which are classified accord-
ing to age at symptom onset (Table 1) [4, 6,7•,8]. The prog-
nosis of the various forms of HPP is largely determined by the
severity of skeletal disease [6].

Symptoms and Diagnosis

HPP is highly variable in clinical expression and relates to
350 different mutations of the TNSALP gene [26, 27]. HPP

patients may come to clinical attention during the course of
evaluation for osteoporosis or fractures. Symptoms like
arthralgia, myalgia, and bone pain are common and similar
to those of other bone disorders and rheumatological dis-
eases such as rickets, osteogenesis imperfecta, Paget’s dis-
ease, osteosarcoma, rheumatoid arthritis, or fibromyalgia
[28, 29]. Consequently, patients are often misdiagnosed
for many years [5].

Other hallmarks of HPP are dental manifestations such as
premature exfoliation and loss of fully rooted teeth in children
as well as in adults. Patients presenting in childhood may
experience premature loss of deciduous teeth, which can result
in oral complications in adulthood. Those presenting in adult-
hood may experience poor dentition and/or early loss of per-
manent teeth [26, 28, 30–33].

Atypical femoral fractures located in the subtrochanteric
region or at the femoral shaft are a feature of adult HPP.
Fibular, tibial, and metatarsal stress fractures may occur after
minimal trauma. Non-union fractures and delayed fracture
healing are common in HPP [3••, 34, 35]. Skeletal and
extra-skeletal manifestations in patients with HPP are shown
in Table 2.

Low mineralization is one of the main features of HPP.
However, bone mineral density (BMD), assessed by dual-
energy absorptiometry (DXA) and high-resolution peripheral
quantitative computed tomography (HR-pQCT), is generally
not reduced [45]. Therefore, DXA measurements do not sup-
port the diagnosis of HPP and are not useful for fracture risk
prediction in HPP patients.

Micro-CTanalysis in HPPmice revealed hypomineralization
and abnormal architecture of the trabecular bone in the femoral
epiphyses [46]. Apart from non-mineralized bone matrix, im-
paired trabecular bone microarchitecture and calcium distribu-
tion were reported in adults with HPP [34]. A trabecular and
cortical thinning was observed in most HPP patients using HR-
pQCT [45].

The serum ALP should be assessed when HPP is
suspected. Low ALP levels are indicative for HPP and
allow the physician to distinguish HPP from other skeletal
diseases such as osteogenesis imperfecta or X-linked
hypophosphatemia. Other reasons for low AP such as preg-
nancy, zinc deficiency, surgery, hypothyreosis, anti-
resorptive treatment, and anorexia nervosa have to beTable 1 Clinical types of hypophosphatasia, schema adapted after

Shapiro, J. R., Lewiecki, E. M. Hypophosphatasia in Adults: Clinical
Assessment and Treatment Considerations [1•]

Clinical type of HPP Onset

Perinatal lethal/benign In utero and at birth

Infantile < 6 months

Childhood/juvenile > 6 months to < 18 years

Adult > 18 years

Odontohypophosphatasia
(dental symptoms only)

Any age

Table 2 Overview of the
most common systemic
manifestations in
patients with HPP [1•, 5,
34, 36••, 37–44]

Skeletal Extra-skeletal

Bone pain Premature loss of teeth

Muscle pain Poor dentition

Fractures Seizures

Pseudo-gout Chondrocalcinosis

Joint pain Nephrocalcinosis
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excluded [28, 47, 48]. It has to be taken into account that
reference ranges in children are different from those in
adults. ALP has to be adjusted for age (and gender in chil-
dren), as ALP activity in children and infants is increased
up to fourfold [5]. Low ALP levels are often overlooked, as
many laboratories do not state the lower level of reference.
If a low ALP was found, PLP and PEA should be deter-
mined in the diagnostic progression. Low serum ALP com-
bined with an elevated PLP or urinary PEA supports the
diagnosis of HPP [28, 47, 48]. Genetic analysis of the
ALPL gene and bone biopsies provides an additional level
of confirmation, although they do not have a requirement
for the clinical diagnosis of HPP [1, 3]. A bone biopsy in a
patient with HPP and renal failure showed a low number of
osteoblasts, osteomalacia, and an increased pyrophosphate
concentration at mineralizing surfaces, suggesting an im-
paired bone formation (see Fig. 1) [49].

Hypercalciuria can present with or without an elevated
serum concentration of calcium. Hypercalcemia can result
in calcification of soft tissue and nephrocalcinosis [18].
High extra-cellular PPI can precipitate chondrocalcinosis,
pseudo-gout, and calcific periarthritis. Patients with
hypermineralization in different tissues experience debili-
tating manifestations including chronic inflammation, joint
and muscle pain, and severely impaired mobility [3••].
Conditions of the central nervous system such as epileptic

seizures, while rare, are dangerous and are caused by an
insufficient synthesis of neurotransmitters [3••, 29, 50].

Skeletal radiographs may show bone deformities, osteoma-
lacia, calcific periarthritis or atypical fractures (typical radio-
graphic findings are shown in Fig. 2) [3••, 9, 51]. Bone mar-
row edema is another sign and symptom of HPP. Due to
stress- and insufficiency fractures but also due to inflammato-
ry activities, bone marrow edema is an early indicator for HPP
[52, 53]. Most patients complain about bone and muscle pain
with unclear X-ray results [54]. Therefore, magnet resonance
imaging (MRI) or computer tomography (CT) examina-
tions are necessary to identify patients with unusual occur-
rence of a painful bone marrow edema before fractures can
happen or to identify patients with insufficiency fractures
[3••, 45, 54]. Metaphyses in major long bones at lower
extremities are often affected and can cause significant
morbidity [28]. T2-weighted MRI sequences with fat sup-
pression techniques have proven to be particularly useful
fo r the de tec t ion of bone mar row edema [28] .
Inflammation is another reason for developing bone mar-
row edema caused by high PPI and deposition of calcium
pyrophosphate dihydrate crystals in joints leading to arthri-
tis and pseudo-gout [55]. Moreover, chronic recurrent mul-
tifocal osteomyelitis (CRMO) is a pediatric syndrome
characterized by periarticular bone pain and bone edema
[56]. CRMO-typical symptoms and radiographic changes

Fig. 1 Lack of bone matrix mineralization in a 55-year-old male patient
with hypophosphatasia. The transiliac biopsy samples taken after
18 months’ dialysis treatment and 3 months after stopping 21 months’
alendronate treatment. A cortical bone feature imaged once by
quantitative backscattered electron scanning electron microscopy
(qBEI) mapping the bone matrix mineral content is shown in a and
once by a confocal laser-scanning microscopy (CLSM) detecting
fluorescent light emission is shown in b [49]. The derived bone

mineralization density distribution (BMDD) of cortical bone is shown
in c. Arrows pointing to eroded surface/resorption lacunae in an osteon.
The dashed white line indicated the border of the deposited non-
mineralized bone matrix (osteoid) as it is visualized by CLSM in b. b
CLSM image is acquired from of the bone area identical with that of a.
The black stars indicate osteoid area. c The BMDD of the patient shows a
shift towards higher mineralization compared to a normative reference
BMDD [49, 67].
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were observed in children with HPP, suggesting that oste-
omyelitis is a complication of childhood HPP [57].

Another important factor to reduce misdiagnosis is thor-
ough examination of patients in order to identify those with
mild forms and late-onset symptoms. As referenced above,
premature loss of one or more deciduous teeth with the root
or permanent teeth can occur and be a reliable hint for HPP
[26, 28, 30–33]. De novo mutations of TNSALP are rare, so
regular examinations and checkups are necessary in order to
diagnose other potentially affected family members with late-
onset signs and symptoms [3••, 36, 58]. Comorbidities such as
renal failure can affect the phenotype of HPP [49].

Treatment of HPP

A specific enzyme-replacement therapy for HPP was ap-
proved in 2015, treating the underlying cause of TNSALP
deficiency. Asfotase alfa is a recombinant human alkaline
phosphatase that improves bone mineralization. It is indicated
in patients with pediatric-onset HPP to treat the bone manifes-
tations of the disease. Asfotase alfa improves muscle strength
and motoric outcome and is associated with better mobility
[36]. In life-threatening perinatal and infantile HPP, asfotase
alfa therapy significantly enhanced the survival rate at years 1
and 5. Moreover, an improvement of skeletal mineralization
and pulmonary function was reported in children with severe
HPP [7•]. The most common adverse effects are injection site
reactions, lipodystrophy, ectopic calcifications, and hypersen-
sitivity reactions [36].

Less is known about asfotase alfa treatment in adolescence
and adults. Remde H et al. reported the case of a 59-year-old
woman suffering from childhood-onset HPP with multiple
fractures and renal dysfunction. Before treatment the woman
was limited in daily life activity due to immobility. After
13 months of asfotase alfa, a reduction in pain and an im-
provement in mineralization as well as mobility were ob-
served [59]. An improvement in physical function in HPP
patients between the ages of 13–66 years treated with asfotase
alfa was also presented at the 2017 ICCBH conference [60]. In
that analysis of a phase 2, open-label, randomized, dose-
ranging study, the authors reported increased walking dis-
tance, running speed, and agility, as well as muscle strength.

Guidelines for the treatment of adult HPP patients are
currently not available. However, treatment considerations
for adults with HPP were discussed recently. Accordingly,
the extent of disability should be a primary factor for treat-
ment decision. A treatment of adults with HPP can be con-
sidered when there was an onset of symptoms in childhood
and symptoms such as musculoskeletal pain, arthropathies,
chondrocalcinosis, low-traumatic fractures, delayed frac-
ture healing, or fracture non-union or functional impair-
ment exist. Shapiro et al. suggest that a low BMD and
radiological signs of nephrocalcinosis also merit asfotase
alfa treatment in adult HPP [1•]. However, clinical data are
missing.

The duration of treatment is presently unclear.
Discontinuation of asfotase alfa treatment led to the return of
ALP to pretreatment levels in an adolescent HPP patient.
Radiolucency in the metaphyses significantly improved under
treatment but was similar to pretreatment after discontinuation
of asfotase alfa [61]. These findings suggest that a short-term
or interval treatment with asfotase alfa does not seem to be
beneficial. A long-term treatment with asfotase alfa has to be
considered, when once initiated.

Other medical products used for the therapy of bone dis-
eases should be implemented with caution. Bisphosphonates
and other antiresorptive drugs may increase the risk for atyp-
ical fractures and are therefore contraindicated [3••, 37, 51]. A
study byWhyteMP et al. showed that therapies for rickets and
osteomalacia can exacerbate HPP symptoms and should
therefore be avoided [3••]. Vitamin D supplements can exac-
erbate hypercalcemia and hypercalciuria [36].

Case reports on recombinant human parathyroid hormone
(PTH) analogs (teriparatide, PTH 1–84) observed improve-
ment in mobility and bone pain reduction in HPP patients
[15, 62]. PTH-therapy led to increased ALP levels and accel-
erated fracture healing in some but not all adult HPP patients
[15, 63–65].

Treatment with sclerostin-antibody could be a promising
option for HPP ministrations. A study in adult HPP patients
showed that a short-term treatment over 16 weeks with an
anti-sclerostin monoclonal antibody increased ALP, bone

Fig. 2 X-ray of the right and left femur of an adult patient with HPP
(34 years). Fissure on the medial side of left proximal femur (white
arrow). Cystic lucencies in greater trochanter on both sides (white
circle); sclerotic lesion with thickening of cortical bone on the right
femur (black arrow)
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formation markers, as well as BMD. The results were similar
to those observed in osteoporosis patients [66]. However,
long-term results for the sclerostin antibody are not yet
available.

Apart from medical products, surgical and conservative
treatments of all kinds of fractures should be achieved.
Moreover, physiotherapy for patients with arthralgia and my-
algia is beneficial. Premature tooth loss can impair speech and
nutrition. Thus, dental hygiene as well as artificial dentures are
important to avoid subsequent problems [3••].

Conclusion

Hypophosphatasia is a rare genetic disorder characterized by a
low ALP and various manifestations such as osteomalacia,
fractures, dental manifestations, as well as myalgia and ar-
thralgia. The symptoms often mimic rheumatological and oth-
er bone diseases thereby delaying the diagnosis of HPP.
Asfotase alfa, a recombinant alkaline phosphatase, is now
available for the therapy of severe pediatric-onset
hypophosphatasia (HPP) to treat the bone manifestations.
Anti-resorptive agents increase the fracture risk and are there-
fore contraindicated in these conditions.
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