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Abstract
Hypophosphatasia (HPP) is a rare inborn error of metabolism that presents variably in both age of onset and severity. HPP 
is caused by pathogenic variants in the ALPL gene, resulting in low activity of tissue nonspecific alkaline phosphatase 
(TNSALP). Patients with HPP tend have a similar pattern of elevation of natural substrates that can be used to aid in diag-
nosis. No formal diagnostic guidelines currently exist for the diagnosis of this condition in children, adolescents, or adults. 
The International HPP Working Group is a comprised of a multidisciplinary team of experts from Europe and North America 
who have expertise in the diagnosis and management of patients with HPP. This group reviewed 93 papers through a Med-
line, Medline In-Process, and Embase search for the terms “HPP” and “hypophosphatasia” between 2005 and 2020 and that 
explicitly address either the diagnosis of HPP in children, clinical manifestations of HPP in children, or both. Two reviewers 
independently evaluated each full-text publication for eligibility and studies were included if they were narrative reviews or 
case series/reports that concerned diagnosis of pediatric HPP or included clinical aspects of patients diagnosed with HPP. 
This review focused on 15 initial clinical manifestations that were selected by a group of clinical experts.
The highest agreement in included literature was for pathogenic or likely pathogenic ALPL variant, elevation of natural 
substrates, and early loss of primary teeth. The highest prevalence was similar, including these same three parameters and 
including decreased bone mineral density. Additional parameters had less agreement and were less prevalent. These were 
organized into three major and six minor criteria, with diagnosis of HPP being made when two major or one major and two 
minor criteria are present.
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Introduction

Hypophosphatasia (HPP) is a rare inborn error of metabo-
lism that causes an extremely variable and phenotype that 
tends to be progressive in nature. The prevalence of the 
severe forms of HPP has been estimated to be 1/300,000 in 
Europe, and 1/100,000 in Canada [1, 2], with evidence of 
higher incidence of less severe forms of HPP. HPP has been 

classified based on age at first disease manifestation, includ-
ing: perinatal, infantile, childhood, and adulthood HPP 
[3–6]. Patients with perinatal and infantile HPP have classi-
cally been described with severe rickets, thoracic dystrophy, 
respiratory failure, hearing loss, and vitamin B6-responsive 
seizures [7, 8]. Until recently, these patients seldom sur-
vived [9]. Although there have been gaps in recognition for 
patients with perinatal and infantile HPP, the presentation is 
not subtle or ambiguous, so new guidelines are not required 
to ensure accurate diagnosis [10].
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Childhood HPP has been classically described with rick-
ets, bowing of the long bones, short stature, craniosynosto-
sis, pain, and motor delays [11]. More recent research has 
strongly suggested increased rates of attention deficit/hyper-
activity disorder, sleep disturbances, and behavioral regula-
tion challenges [12]. HPP is caused by pathogenic variants 
in the ALPL gene, resulting in decreased activity of tissue-
nonspecific alkaline phosphatase (TNSALP) [13]. Decreased 
ALP activity is easily detected on routine biochemical test-
ing and provides helpful screening for the affected. Patients 
with childhood HPP may have either autosomal dominant 
HPP or autosomal recessive HPP, with a trend toward more 
severe disease in those patients with recessive HPP [14, 
15]. Patients with HPP also frequently, but not always, have 
elevations in the natural substrates of alkaline phosphatase 
[16]. Most commonly, plasma pyridoxal-5′ phosphate (PLP) 
and urine phosphoethanolamine (PEA) are quantified [17]. 
Inorganic pyrophosphate is an additional natural substrate 
of alkaline phosphatase that is often elevated in plasma and 

urine in HPP, but it is not frequently measured to lack of 
widely available testing [18].

Although there is significant agreement regarding the typ-
ical biochemical features and clinical presentation of HPP 
in children and adolescents, formal diagnostic guidelines do 
not yet exist. This creates challenges for accurate and timely 
diagnosis of patients, particularly for those patients who may 
present atypically. Accurate diagnosis is of particular inter-
est given that the enzyme replacement therapy asfotase alfa 
has been available in the USA, Canada, EU, and other juris-
dictions since 2015 [19].

There have been recent efforts to create diagnostic path-
ways for children and adolescents with HPP. One such 
pathway integrates known clinical findings (Table 1) for 
children with HPP along with the presence of low ALP 
and evaluation for alternate causes of low ALP [20]. This 
diagnostic pathway represents an important advance for two 
reasons. First, it integrates low age- and sex-adjusted ALP 
as the key laboratory finding of concern [21]. Second, that 

Table 1  Clinical manifestations associated with HPP in children

Bone and mineral metabolism
 Impaired mineralization and rickets
 Excess of fractures
 Fracture healing delay or nonunion
 Genu valgum/varum
 Short stature
 Diffuse idiopathic skeletal hyperostosis (DISH)
 Ophthalmic calcifications
 Hypercalcemia
 Hyperphosphatemia
Musculoskeletal/rheumatological-like
 Myopathy
 Chronic muscle, bone, and joint pain
 Altered gait
 Impaired mobility
 Motor delay
Dental
 Premature atraumatic loss of deciduous teeth
 Dental abnormalities (abnormal tooth shape and color, enamel thinning/hypoplasia, loss of alveolar bone, enlarged pulp chambers)
 Premature loss of permanent teeth
 Recurrent and severe caries and periodontal diseases
Renal
 Hypercalciuria
 Nephrocalcinosis
 Nephrolithiasis
Neurological
 Vitamin B6-responsive seizures
 Craniosynostosis
 Attention Deficit/Hyperactivity Disorder
 Poor Sleep Quality
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it acknowledges that while typical radiographic features of 
HPP can be confirmatory, their absence is not uncommon 
and should prompt additional biochemical or molecular 
evaluation to confirm the diagnosis.

The HPP International Working Group is comprised of 
a multidisciplinary group of HPP experts, who have expe-
rience in the diagnosis of this condition. The goal of this 
group is to understand the current state and variability of 
hypophosphatasia diagnosis [22] and to create guidelines 
for the diagnosis of children and adolescents with HPP as a 
function of this article and to create separate guidelines for 
the diagnosis of adults with HPP [22]. We therefore con-
ducted a systematic review and meta-analysis with two main 
questions: (1) to investigate the opinion and agreement of 
clinical experts from the existing literature on the diagnosis 
of HPP, and (2) the prevalence of those clinical manifesta-
tions present in HPP patients.

Methods

Our reporting follows the Preferred Reporting Items for a 
Systematic Review and Meta-analysis (PRISMA) [23].

Data sources

We searched Medline, Medline In-Process, and Embase, 
from January 1, 2005 to September 9th, 2020, using the fol-
lowing keywords: HPP and hypophosphatasia. The search, 
limited to human participants, used MeSH terms in various 
combinations to increase search sensitivity. Searching refer-
ence lists of publications of included studies, relevant nar-
rative reviews and guidelines provided another strategy for 
identifying additional references. Since this literature review 
concerned pediatric and adolescent cases with a diagnosis 
of childhood HPP, the inclusive age range was 6 months to 
18 years per the commonly used HPP nosology.

Study selection

Paired reviewers screened the studies in 2 stages: (1) title and 
abstract and (2) full text. On retrieval of candidate abstracts, 
two reviewers independently evaluated each full-text publi-
cation for eligibility, resolving conflicts by discussion. Stud-
ies were included if they were (1) narrative reviews, or case 
series/reports explicitly addressed the diagnosis of pediatric 
HPP, and/or (2) case series and case reports included one or 
more patients diagnosed with HPP or with suspected HPP 
and described one or more of the clinical manifestations of 
interest. Only articles published in English are included in 
this analysis.

Diagnostic laboratory parameters 
and manifestations of interest

The review focused on 15 initial clinical manifestations, and 
laboratory parameters of interest for diagnosing pediatric 
HPP (Table 2), which were identified through consultation 
with clinical experts, who had at least 5-year experience in 
treating patients with HPP.

Data abstraction

Paired reviewers, using a standardized form, independently 
extracted data including author; year; country; patient demo-
graphics; and diagnostic laboratory parameters and manifes-
tations of paediatric HPP. For studies reporting diagnostic 
manifestations, based on the description, two authors inde-
pendently judged whether this feature is strongly suggested 
or may or may not be present or was not mentioned and 
solved the conflicts by asking a third reviewer. When stud-
ies reported diagnostic criteria to HPP referring to the same 
references, we regard the authors having the same views of 
pediatric HPP diagnosis. For studies that reported paediatric 

Table 2  Initial parameters and manifestations for pediatric HPP

TNSALP, tissue non-specific alkaline phosphatase; PLP, pyridoxal 
phosphate; PEA, phosphoethanolamine; PPi, inorganic pyrophos-
phate; BMD, bone mineral density; CPPD, calcium pyrophosphate 
deposition; ALPL, alkaline phosphatase gene
*ALPL VUS variants could be reclassified to pathogenic or likely 
pathogenic and used as a diagnostic characteristic only in presence 
of additional supporting information, such as if the variant segregates 
with HPP phenotype in other family members or functional studies 
strongly suggest that the variant is damaging

Biochemical
 1 Elevation of natural substrates of TNSALP 

(PLP, PEA, PPi)
Clinical
 2 Early non traumatic loss of primary teeth
 3 Presence of rickets on radiograph
 4 Short stature
 5 Delayed motor milestones
 6 Chronic musculoskeletal pain
 7 Impaired mobility
 8 Genu valgum/varum
 9 Craniosynostosis
 10 Decreased bone mass density/ osteoporosis
 11 Nephrocalcinosis/nephrolithiasis
 12 B-6 responsive seizures
 13 Low muscle tone
Familial/Genetic
 14 Family history on an HPP first degree relative
 15 Pathogenic or likely pathogenic ALPL variant*
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HPP cases, we extracted the prevalence of each clinical man-
ifestations reported.

Data analysis

For each clinical diagnostic manifestation and labora-
tory parameter of interest, we described the proportion of 
strongly suggested, may or may not be present. To mini-
mize small study effects, we used the fixed-effect model to 
pool the proportion of clinical features using meta-propor-
tion model. Considering that most studies were small case 
studies, we conducted a subgroup analysis by sample size 
hypothesizing studies with greater than 10 cases that would 
provide lower but accurate proportion than studies with less 
than 10 cases. We performed meta regression to explore 
the subgroup difference and considered P<0.05 as the sig-
nificant difference. All primary analyses were performed in 
STATA (version 15.1).

Results

Study characteristics

The initial literature review identified a total of 1541 pub-
lications, with an additional 56 publications added from 
a secondary search after duplicates were removed. 644 
of these publications were considered potentially eligible 
for inclusion based on the article title and review of the 
abstract, and 93 studies were eventually included based 
on review of the full text and concerned the diagnosis 
and clinical manifestations of HPP in children. 36 (39%) 

reported diagnostic principles and criteria specific to pedi-
atric HPP, 41 (44%) addressed manifestations of pediatric 
HPP, and the rest 16 (17%) reported both aspects. The 
majority of the articles (61%) were published between 
2016 and 2020, reflecting the accelerating interest in this 
condition. Fig. 1 presents the study selection diagram 
and Table 3 presents more characteristic information of 
included studies.

Fig. 1  Study selection diagram 1541 records iden�fied through database searching 
Medline, Medline In-Process, Embase, Cochrane Library

1597 records a�er duplicates removed

644 full-text ar�cles assessed for eligibility

93 studies included in meta-analysis

551 full-text ar�cles excluded

933 studies irrelevant

283 records from addi�onal search

Table 3  Demographic/characteristics of included articles (n=93)

Characteristic (n=93) N (%)

Scope
 Diagnosis of HPP 36 (39)
 Characteristics of HPP patients 41 (44)
 Both 16 (17)
Year
 2005-2010 18 (19)
 2011-2015 19 (20)
 2016-2020 56 (61)
Regions
 Asia 24 (26)
 Europe 42 (45)
 North America 24 (27)
 South America 1 (1)
 Multi-continents 2 (2)
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Agreement of the 15 diagnostic characteristics 
of interest with published data on HPP diagnosis 
in children

A total of 15 diagnostic characteristics of HPP in children 
were identified in the 52 relevant articles with varying preva-
lence. The presence of a pathogenic or likely pathogenic 
ALPL variant was the most strongly suggested in 41 arti-
cles (79%). Similarly, elevation of natural substrates such 
as PLP, PEA, or PPi was nearly as strongly suggested in 37 
articles (71%). Early, nontraumatic tooth loss was the most 
commonly discussed clinical finding in 32 articles (61%). 
A minority of the studies showed features such as presence 
of rickets on radiograph, short stature, delayed motor mile-
stones, chronic musculoskeletal pain, impaired mobility, 
genu valgum/varum, craniosynostosis, decreased bone min-
eral density/osteoporosis, family history of HPP, nephrocal-
cinosis, vitamin B6-responsive seizures, or low muscle tone. 
In many of these cases, the issue wasn’t that they weren’t 
strongly suggested, but that they weren’t mentioned at all.

Pooled prevalence of diagnostic characteristics 
of interest in selected articles in childhood HPP 
patients

The authors were curious about the tendency for many 
seemingly important clinical characteristics to fail to be 
mentioned in the articles, which led us to look at this in a 
slightly different way using pooled prevalence. Of the 57 
studies reporting the prevalence of diagnostic features, 12 
included more than 10 cases with a median of 26, ranging 

from 10 to 269 cases, and 45 included less than 10 cases 
with a median of 2 cases, ranging from 1 to 7 cases. We 
observed a significant subgroup difference between studies 
with greater than 10 cases and less than 10 cases (P<0.01). 
Table 4 presents the pooled prevalence of diagnostic fea-
tures of studies with more than 10 patients, which show 
that 87% if patients would present with a pathogenic or 
likely pathogenic ALPL variant and 77% present with 
elevation of natural substrates (PLP, PEA, PPi). Of the 
remaining thirteen clinical features, only two had pooled 
prevalence greater than 50%: early nontraumatic loss of 
primary teeth and decreased bone mineral density/osteo-
porosis, both with 57%. At least half of the patients would 
not present with the rest of the laboratory parameters and 
manifestations.

Based on pooled prevalence in the included studies 
with greater than 10 cases, diagnostic features were ini-
tially classified as major diagnostic criteria (n=4) with a 
pooled prevalence of greater than 50% and minor diag-
nostic criteria (n=11). The proposal of the authors is that 
integration of major and minor criteria could be used to 
provide a diagnostic framework for childhood HPP. In this 
instance, a diagnosis of childhood HPP can be made if 
either two major criteria are present, or one major and 
two minor criteria are present. A caveat to this framework 
is that although both the presence of a pathogenic/likely 
pathogenic ALPL variant and the elevation of natural sub-
strates were considered major criteria, a diagnosis cannot 
be made on these two criteria alone as it may allow for 
the inappropriate diagnosis of patients who are asympto-
matic patients with heterozygous variants (i.e. carriers) 

Table 4  Prevalence of 
diagnostic laboratory 
parameters and manifestations 
reported by studies ≥ 10 cases

PLP, pyridoxal phosphate; PEA, phosphoethanolamine; PPi, inorganic pyrophosphate. Diagnostic charac-
teristics presenting a pooled prevalence over 50% are indicated in bold

Diagnostic features Number of 
studies

Number of 
cases

Pooled prevalence, % 
(95% CI)

Pathogenic or likely pathogenic ALPL variant 8 278 87 (82, 90)
Elevation of natural substrates (PLP, PEA, PP) 5 118 77 (69, 84)
Early non traumatic loss of primary teeth 7 253 57 (51, 63)
Decreased bone mass density/osteoporosis 4 49 57 (43, 70)
Presence of rickets on radiograph 4 96 31 (23, 41)
Short stature 5 159 40 (33, 48)
Delayed motor milestones 5 173 44 (37, 51)
Chronic musculoskeletal pain 5 216 32 (27, 39)
Impaired mobility 4 173 43 (36, 50)
Genu valgum/varum 3 111 41 (32, 50)
Craniosynostosis 4 199 22 (17, 28)
Family history on a first degree relative 3 195 35 (29, 42)
Nephrocalcinosis/nephrolithiasis 5 255 12 (8, 16)
Low muscle tone 4 241 38 (32, 44)
B6-responsive seizures 6 282 15 (11, 20)
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with only biochemical findings. In such an instance, an 
additional major or minor criterion is required to make a 
diagnosis of childhood HPP.

The International Working Group convened to refine the 
major and minor criteria initially identified based on pooled 
prevalence. All of the major and minor criteria were dis-
cussed as a group and consensus was gathered on which 
major and minor criteria were appropriate, which should 
be promoted or demoted, and which should be eliminated 
altogether with the expectation that the resulting guidelines 
would be useful to diagnosis childhood HPP by clinicians 
in the field.

In addition to the major and minor criteria that were 
defined by the expert panel, it was also suggested that an 
obligate criterion be used — that the ALP activity should 
be below the lower limit of the normal range for age and sex 
with appropriate reference ranges being used. It was also 
strongly suggested that low ALP activity should be dem-
onstrated in two or more measurements separated by time. 
The expert panel also strongly recommended that the dif-
ferential diagnosis of low ALP be thoroughly explored to 
consider alternate diagnoses. Similarly, it was observed that 
even in patients with documented HPP, ALP can transiently 
normalize during pregnancy or a recent long bone fracture 
and so the expert panel cautions clinicians to interpret these 
studies in the context of patient presentation. One expert 
suggested that ALP activity should not be considered an 
obligate criterion, but a major criterion like any other. This 
suggestion was strongly considered, but unfortunately was 
not workable to create unambiguous criteria and it remained 
an obligate criterion.

For major findings, the expert panel decided that patho-
genic or likely pathogenic ALPL variant, elevation of natural 
substrates, and early, premature loss of primary teeth were 
appropriate to keep as major criteria. Specifically, it was 
acknowledged that although not every child with a diagnosis 
of HPP will have early (meaning before age 5) nontraumatic 
loss of primary teeth, it remains a very common finding. 
It also remains true that this loss of primary teeth in HPP 
often occurs without resorption of the root, resulting in the 
appearance of the exfoliated tooth that is characteristic of 
HPP. Although the presence of rickets on radiograph was 
not included the initial criterion for inclusion as a major 
criterion due to having a pooled prevalence of 31% (95% 
CI 23–41%), the working group felt that the presence of 
rickets in a child who is being evaluated for HPP would be 
extremely helpful, particularly in the context of low ALP 
activity as this would not be expected in an alternate form 
of rickets such as nutritional rickets or hereditary forms of 
hypophosphatemia in which elevation of ALP activity is 
common. There was robust discussion about the wisdom of 
including the presence of osteomalacia and low bone min-
eral density for age into this criterion. It was decided against 

this inclusion given that although HPP is primarily an osteo-
malacia/rickets condition, histomorphometry is rarely used 
and even more rarely is histomorphometry used as a major 
component of diagnosis. Additionally, the inclusion of low 
BMD for age as a criterion would offer tacit support for 
the use of DXA in the diagnosis of HPP, a tool which has 
already been shown to have limited utility in patients with 
HPP [24]. It was therefore decided to exclude osteomalacia 
and low bone mineral density/osteoporosis entirely from 
these guidelines.

Several minor criteria are also included in these diag-
nostic guidelines with variable levels of agreement. 
Minor criteria that gained broad agreement were gen-
erally more specific to HPP such as craniosynostosis, 
nephrocalcinosis, and B6-responsive seizures or were 
less specific but more commonly seen such as short 
stature, delayed motor milestones, or impaired mobil-
ity. There was less broad agreement for using chronic 
musculoskeletal pain and low muscle tone as these were 
both judged to be nonspecific, but ultimately they were 
still included as minor criteria.

Family history of an affected first-degree relative had 
a pooled prevalence of 35% (95% CI 29–42%) and was 
included initially as a minor criterion. Although the group 
acknowledged the importance of obtaining a three-genera-
tion pedigree and considering family history in the evalu-
ation process, it was still felt that the inclusion of family 
history as a minor criterion would cause the same problems 
of “biochemical/molecular only” diagnosis in patients who 
have no meaningful clinical manifestations of HPP. It should 
be noted that many patients with HPP exhibit autosomal 
dominant inheritance patterns, but it is also understood that 
dominant HPP exhibits incomplete penetrance and signifi-
cant clinical variability, which may reduce the diagnostic 
value of an affected first-degree relative [25]. The final 
results of the HPP International Working Group are sum-
marized in Table 5.

Strengths and limitations of the study

This review focused on current practice’s view on the diag-
nosis of pediatric HPP and the prevalence of the features 
and manifestations among pediatric HPP patients, the find-
ings were based on comprehensive literature searching and 
meta-analysis. Another strength was the subgroup analysis 
and prior direction hypothesis which provided more accurate 
interpretation to the results.

The review also has limitations. First, the use of case 
report data has inherent limitations, including the fact 
that clinical data are not routinely collected at regular 
follow-up visits as they would be in a prospective study, 
and selecting reporting outcomes, which could lead to 
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underestimating the prevalence. Second, a prior study has 
suggested that the presentation of some clinical manifes-
tations were associated with age, which means that some 
manifestations could occur later in an individual’s child-
hood [26]. This study did not include this in the analysis 
and therefore may underestimate the prevalence. Addition-
ally, this study provided a view on prevalence of diagnos-
tic manifestations and laboratory parameters to pediatric 
HPP reported in existing literature but did not provide a 
specific diagnostic strategy.

Discussion

Diagnosis of HPP in children presents a challenge in many 
cases, given that there is no gold standard for diagnosis. 
The findings of this study show several key manifestations 
and laboratory parameters that were strongly recommended 
by the existing literature, although none were universal and 
thus the expertise of the working group was key to create 
draft guidelines that would have excellent ability to con-
firm or exclude a diagnosis of HPP and to be useful for all 
clinicians, not just those clinicians who are already famil-
iar with the diagnosis of HPP. The organization of these 
guidelines into major and minor criteria prioritizes certain 
signs or symptoms that were judged by the working group 
to be either more or less important or specific to establish a 
diagnosis of HPP.

In the construction of the diagnostic criteria for HPP, 
the working group preferred to identify the features of HPP 
which are more specific for HPP as a major criterion. Minor 

criteria were those which were less commonly seen and were 
also more specific to HPP. The working group also empha-
sized the importance of integrating the clinical features with 
the radiographic and laboratory profile as well as the molec-
ular diagnosis. The group decided that a diagnosis of HPP 
required two major criteria or one major criteria from the 
lists provided, but with caveats that will be further discussed.

The current nosology of HPP is based on the age of the 
patient’s initial presentation with HPP-related signs or symp-
toms [27]. This has sometimes been assumed to be the same 
as the age when a patient is diagnosed. This is not necessar-
ily true as, for example, an adult patient may be diagnosed 
with HPP partly based on key signs and symptoms presence 
since childhood [28]. Using current nosology, that patient 
would be appropriately diagnosed with childhood HPP [2]. 
Having said that, the working group felt that while these 
distinctions exist as a function of the current nosology, as 
a practical matter, adults with childhood-onset disease and 
adults with adult-onset disease may present very similarly 
[29]. As a result, the working group decided that patients 
should be evaluated using these criteria or the simultane-
ously created adult criteria based on their current age, not 
the age at which they were believed to have started manifest-
ing signs or symptoms of HPP.

The HPP International Working Group also acknowl-
edged that the diagnosis of HPP cannot be completely 
separated from its treatment, especially given the ability 
to treat with enzyme replacement therapy. However, it 
should be noted that the question of how best to manage 
a patient with HPP remains a different one and it should 
not be assumed that all patients who meet the criteria for 

Table 5  Final outcomes after the meeting of the HPP International Working Group

Diagnosis of HPP requires either two major criteria or one major and two minor criteria. Use of low ALP activity as an obligate criterion 
requires exclusion of other conditions that can cause low ALP activity and multiple instances of low ALP activity

Obligate diagnostic criterion for HPP in children
  Low ALP enzymatic activity for age and sex

Major diagnostic criteria for HPP in children
  ALPL gene variant(s)
  Elevation of natural substrates of TNSALP
  Early non traumatic loss of primary teeth
  Presence of rickets on radiograph

Minor diagnostic criteria for HPP in children
  Short stature
  Delayed motor milestones
  Chronic musculoskeletal pain
  Impaired mobility
  Genu valgum/varum
  Craniosynostosis
  Nephrocalcinosis/nephrolithiasis
  Low muscle tone
  B6-responsive seizures
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diagnosis will necessarily be candidates for certain treat-
ments such as enzyme replacement therapy. The working 
group acknowledges that the decision for treatment is a 
complex one that is outside the scope of these guidelines.

Comparison with prior studies

One prior review addressed frequency and timing of 
clinical HPP manifestations and events, which included 
224 children and 41 adult patients with HPP with ≥1 
year of follow-up [26], the prior review extracted the 
individual patients level data from case reports and small 
case series and addressed the association of presenta-
tion of manifestations related to HPP and the age, which 
was found over an individual’s lifetime, along with the 
evolution and progression of the disease, the probabil-
ity of presentation of manifestations could accumulate. 
They also calculated the prevalence of manifestations 
and reported similar results with our study, such as the 
prevalence of premature loss of teeth reported on 54% 
in their study and 57% in our review.

There are several differences between the prior 
study and this review; first, the prior review reported 
the frequency on the basis of individual patient’s level 
data, which only focused on case reports and small 
case series, on the contrary, our review reported the 
frequency by using meta-analysis method and on the 
basis of larger case series studies (at least 10 patients); 
second, the initial manifestations list in the prior review 
included both children and adults population, while 
the manifestations list in this review only focused on 
children; additionally, the prior review did not address 
how frequently the low laboratory testing results in HPP 
patients, while our review did.

In conclusion, this review and consensus statement 
identifies new major and minor criteria for the diagno-
sis of HPP. Integration of the clinical features, laboratory 
findings, radiographic features as well as the results of the 
DNA analysis of the TNSALP gene are helpful in confirm-
ing a diagnosis of HPP in children. Further prospective 
evaluation of these features will be of value in refining the 
diagnostic algorithm for HPP.
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