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Abstract
Summary In adult hypophosphatasia (HPP) patients, elevated lumbar spine dual X-ray absorptiometry (DXA) values are asso-
ciated with markers of disease severity and disease-specific fracture risk while femoral bone mineral density (BMD), being
largely unaffected by the disease severity, may still be useful to monitor other causes of increased fracture risk due to low BMD.
Introduction Hypophosphatasia (HPP) is a rare inherited metabolic disorder due to deficient activity of the tissue-nonspecific
alkaline phosphatase (TNAP). Clinical manifestation in adult HPP patients is manifold including an increased risk for fractures,
but data regarding clinical significance of DXA measurement and associations with fracture risk and disease severity is scarce.
Methods Retrospective single-center analysis of DXA scans in patients with confirmed HPP (documented mutation, clinical
symptoms, low alkaline phosphatase activity). Further data evaluation included disease-related fractures, laboratory results
(alkaline phosphatase, pyridoxalphosphate, phosphoethanolamine), and medical history.
Results Analysis included 110 patients (84 female, mean age of 46.2 years) of whom 37.3% (n = 41) were harboring two
mutations. Average T-Score level at the lumbar spine was − 0.1 (SD 1.9), and mean total hip T-Score was − 1.07 (SD 0.15).
Both lower ALP activity and higher substrate levels (pyridoxalphosphate and phosphoethanolamine) were significantly corre-
lated with increased lumbar spine T-Score levels (p < 0.001) while BMD at the hip was not affected by indicators of disease
severity. Increased lumbar spine BMDwas significantly associated with an increased risk for HPP-related fractures, prevalent in
22 (20%) patients (p < 0.001) with 21 of them having biallelic mutations.
Conclusion BMD in adult HPP patients is not systematically reduced. Conversely, increased lumbar spine BMD appears to be
associated with severely compromised mineralization and increased risk for HPP-related fractures while BMD at the hip appears
unaffected by indicators of disease severity, suggesting suitability of this anatomic location for assessing and discerning disorders
with increased fracture risk owing to reduced BMD like osteoporosis.
Trial registration number German register for clinical studies (DRKS00014022)
Date of registration 02/10/2018 – retrospectively registered
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Introduction

Hypophosphatasia (HPP) is a rare genetic disorder caused by
pathogenic variants in the ALPL gene entailing deficient ac-
tivity of the tissue-nonspecific alkaline phosphatase (TNAP)

[1]. Clinical manifestation of the disorder comprises a wide
spectrum of severity, ranging from life-threatening disease in
infants to largely asymptomatic carriers [2–4]. Particularly in
adult patients, the phenotypic presentation is manifold, includ-
ing bone issues with fractures, bone marrow lesions and mus-
culoskeletal pain, and exhaustion and fatigue as well as sup-
posed gastrointestinal and neuro-psychiatric symptoms [1, 5,
6]. While the underlying pathophysiologic mechanisms for
many of these symptoms still have to be elucidated in detail,
defective bone mineralization in HPP is well recognized [7].
Increased fracture rate and a high prevalence of insufficiency
fractures and pseudofractures as well as recurrent bone mar-
row lesions are considered a hallmark of HPP in adult patients
[4, 8–10]. However, this does not apply to all patients and by
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now, there is no diagnostic marker or tool to anticipate what
HPP patients are at risk for fractures. Furthermore, thanks to
growing awareness for HPP among health care professionals,
heterozygous ALPL variants are increasingly detected during
routine diagnostic workup of osteoporosis and osteoporotic
fractures, evoking the question if and how such an ALPL
variant affects bone mineral density and appropriate clinical
management [11, 12].

Assessing bone mineral density (BMD) by means of dual
X-ray absorptiometry (DXA) is well established and standard
of care for evaluating fracture risk in osteoporosis [13, 14] but
only few studies with small case numbers provide data on
BMD in adult patients with HPP [4, 6, 8, 15, 16]. Reported
findings are heterogeneous and have not been associated with
fracture pattern or prevalence, yet. Hence, it is unknown if
BMD in adult patients with HPP is altered consistently and
to what extent BMD measurement alone or in combination
with other well-established parameters of the disease like
ALP, pyridoxalphosphate (PLP), and phosphoethanolamine
(PEA) can contribute to understanding and predicting fracture
risk in HPP.

Considering differential localization and morphology of
fractures observed in patients with adult HPP, there is a dis-
tinct type of fracture with supposedly different underlying
pathophysiologic mechanisms that can readily be distin-
guished from, e.g., osteoporotic fractures. Pseudofractures
(syn. Looser Zones), i.e., atraumatic radiolucencies, perpen-
dicular to the cortex, incompletely spanning the diameter of
the bone and affecting only one cortex on plain x-ray films as
well as complete insufficiency fractures, i.e., atraumatic lu-
cencies extending across both cortices, can be considered a
hallmark of deficient mineralization and impaired remodeling.
Owing to a supposedly insufficient healing response, these
areas can exhibit cortical beaking or flaring. Depending on
the individual situation, these lesions can finally heal, reoccur,
or progress and eventually fracture completely upon minimal
trauma. In HPP, pseudofractures most frequently occur along
the diaphyseal axis of the weight-bearing lower extremities,
specifically the femur [17, 18] and the metatarsal bones but
can also be observed at other bones [1, 19, 20].

Despite continuously growing awareness for HPP both
scientifically and in daily clinical routine, there are still no
diagnostic landmarks helping to identify HPP patients at
risk for developing any of these fractures, even though
this surely is a key determinant to guide individual treat-
ment strategies.

Combining BMD data and clinical information consistent-
ly obtained from a large cohort of adult HPP patients, this
evaluation aims at elucidating a consistent pattern of BMD
alterations in HPP patients and identifying to what extent
and in combination with what other risk factors this may be
helpful to anticipate the risk for specific fractures in HPP
patients.

Material and methods

Study design and patients

This is a retrospective, single-center analysis of medical re-
cords of adult patients with HPP. The evaluation is based on
the results from BMD assessments by DXA, medical history,
and course of the disease including fracture history and labo-
ratory evaluations, specifically markers of bone and mineral
metabolism (ALP, serum-phosphorus, NTX, vitamin D) and
disease-specific substrate levels (PLP, PEA). For consistency,
only datasets of patients meeting the following selection
criteria were included:

– Confirmed pathogenic variant within the ALPL gene
– HPP-related clinical signs and symptoms
– At least one of the following laboratory findings:

& Serum ALP levels below age- and gender-adjusted lower
normal range (at least two measurements with an interval
of > 4 weeks)

& Serum PLP and/or urinary PEA above upper normal limit

– DXA scan performed on-site with the same Dual X-Ray
Absorptiometry Scanner (Hologic Discovery A)

– No previous or current enzyme replacement therapy with
Asfotase alfa at the time of the DXA scan

Searching the on-site medical database, 110 HPP patients
meeting the above criteria were identified. For those patients,
information on medical history specifically fracture history
and fracture types along with lab results as specified above
were extracted from the medical records and the imaging da-
tabase. Evaluation of medical records specifically included
information on HPP-related childhood symptoms, particularly
craniosynostosis, scoliosis, bone deformities, delayed gross
motor development, premature loss of primary teeth before 5
years of age, and loss of primary teeth with root still attached.

In order to assess disease-associated fracture risk, a sub-
group analysis was conducted including those patients who
had experienced an HPP-related fracture without causative
trauma. However, sometimes minimal trauma or repetitive
strain is associated with the fracture becoming symptomatic
for the first time. Shortly, fractures in adulthood were catego-
rized as being HPP-related if two or more of the criteria spec-
ified below [21, 22]. Fractures due to appropriate trauma,
childhood fractures, and bonemarrow lesions were not includ-
ed in this analysis.

In order to be termed HPP-related, fractures had to meet at
least two of the following criteria:

& No/minimal trauma
& Pseudofracture/bicortical lucency

378 Osteoporos Int (2021) 32:377–385



& Beaking/flaring
& Prodromal pain
& Diaphyseal fracture

All DXA scans were obtained using the same scanner
(Hologic Discovery A). If not precluded by metal implants,
T-Scores and Z-Scores were obtained both at the lumbar spine
and bilaterally at the proximal femur, evaluating both femoral
neck and total femur. As for the femoral results, the side with
the lowest value was used for further analysis. In the case of
metal implants or total arthroplasty of the hip on one side, the
contralateral side was measured and used for analysis. For the
spine measurement, average result of lumbar vertebral bodies
L1-4 was used for calculating T- and Z-Scores. Vertebrae
yielding invalid results due to deformities, severe
osteochondrosis, or other artifacts, i.e., deformities, implants,
cement-augmentation, were excluded from the analysis and
average value of the remaining intact lumbar vertebral bodies
was analyzed. Lumbar spine BMD was considered invalid
and not included in the analysis if less than two vertebrae were
assessable.

For consistency, lab results for ALP, serum-phosphorus,
NTX, and vitamin D considered in the analysis were those
obtained on-site at the same date as the DXA scan was per-
formed and analyzed in the same laboratory using the same
assays to reduce inter-assay variability. Quantitation of PLP
was performed using serum samples, and PEA normalized to
creatinine excretion was determined from urine samples.

Statistics

Statistical analysis comprised absolute frequencies, propor-
tions, and arithmetic means. Correlations were calculated
using Pearson’s correlation coefficient and χ2 test.
Differences were assessed using independent samples t test.
P values of less than 0.05 were considered statistically signif-
icant. All statistical analyses and figures were calculated using
SPSS ver. 25 statistical software package (IBM Corp.
Released 2017. IBM SPSS Statistics for Windows, Version
25.0. Armonk, NY: IBM Corp.). The study design was
reviewed by the ethics committee of the University of
Wuerzburg (Nr. 20180105 01) and registered with the
German Clinical Trials Register (DRKS00014022).

Results

Out of 110 patients identified meeting the above selection
criteria, 84 (76.4%) were female and 26 (23.6%) were male.
All patients had genetically confirmed variants in the ALPL
gene with 69 (62.7%) being heterozygously affected and 41
(37.3%) having twomutations (39 compound heterozygous, 2
homozygous). While both these groups were well balanced

with regard to age and constitutional parameters, there were
apparent differences regarding disease-specific laboratory pa-
rameters with significantly lower ALP activity and higher
substrate levels for PLP and urinary PEA as well as higher
serum-phosphorus in those subjects with two mutations.
Baseline characteristics are detailed in Table 1.

Bone mineral density

Mean lumbar spine T-Score and Z-Score in the overall cohort
were − 0.09 (SD 1.88; range − 3.2 to + 7.0) and + 0.55 (SD
2.03; − 3.1 to + 7.5), respectively. For the total femur, average
T-Score was − 1.07 (SD 1.16; − 3.4 to + 3.7) and Z-Score was
− 0.56 (SD 1.19; − 3.0 to + 3.9). At the femoral neck, the T-
Score was − 1.73 (SD 1.24; − 4.3 to + 3.3) and the Z-Score
was − 0.85 (SD 1.24; − 3.9 to + 3.8). Both lumbar spine Z-
Score (p = 0.001) and total femur Z-Score (p = 0.023) in-
creased significantly with progressive aging (see Fig. 1a/b).
There were no significant correlations between age and lum-
bar spine T-Score (p = 0.522) or femoral T-Score values (p =
0.195). The femoral neck T-Score (p = 0.013) as well as Z-
Score (p = 0.015) showed significant correlations with age. In
general, there was a tendency for increasing BMD with pro-
gressive age, particularly at the lumbar spine.

Furthermore, lumbar spine T-Score showed a significant
negative correlation with ALP levels (p = 0.018), i.e., lower
ALP levels were associated with higher lumbar spine T-
Scores, whereas femoral T-Score was not significantly corre-
lated with ALP levels (Fig. 2a/b).

Comparing male with female patients, there were no sig-
nificant differences regarding BMDT- and Z-Scores neither at
the lumbar spine nor at the femur. Analyzing BMD data for
patients with one or two pathogenic variants, there were no
statistically significant differences at the femoral sites, neither
at the femoral neck nor at the total femur. However, there was
a statistically significant difference of BMD values between
these groups at the lumbar spine with essentially normal age-
adjusted values for heterozygously affected patients (average
Z-Score − 0.12) while patients with two genetic variants ex-
hibited significantly higher lumbar spine BMD (Z-Score +
1.71) (Fig. 3) (for detailed comparisons, see also Table 2).

Fractures

In total, 53 out of the 110 HPP patients (48.2%) had already
experienced at least one fracture over lifetime. However, fractures
without or due to minimal/insufficient trauma were documented
in only 31 patients (28.2%). Out of these, 22 patients (20%)
exhibited HPP-related fractures according to the criteria outlined
abovewhile the other fractures appeared to be rather osteoporotic.
HPP-related fractures were most prevalent in the subtrochanteric
region of the femur (n = 15 patients), the metatarsal bones (n = 13
patients), and the tibia (n = 6 patients) and affected preferentially
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(21 out of the 22) compound heterozygous/homozygous patients
and only one heterozygous patient.

Patients with specific HPP-associated fractures were sig. older
(p = 0.013) than the rest, but did not show any significant differ-
ence in terms of their physical constitution otherwise. However,
patients with HPP-related fractures had significantly lower ALP
activity (p < 0.001) and elevated substrate levels for PLP (p =
0.001) and urinary PEA (p = 0.001) along with higher blood
levels for serum-phosphorus (p < 0.001) than other patients. In
addition, lumbar spine T- and Z-Scores were significantly higher
(p< 0.001 for both) in patients withHPP-specific fractures, while
femoral T- and Z-Scores did not exhibit any significant differ-
ence In 19 out of the 22 patients with fractures, lumbar spine Z-
Score was ≥ 0.0 and never below − 1.0 in any patient.
Accordingly, while there was a significant correlation of total
hip and lumbar spine T-Score results in those patients without
HPP-related fractures (r = 0.715, p < 0.001), in those patients
withHPP-related fractures, high lumbar spine T-Score results did
not correlate with the femoral values (r = 0.196, p = 0.564). A
detailed comparison of patient characteristics with regard to the
subgroups of patients with and without HPP-related fractures is
provided in Table 3.

Patients with risk for an HPP-related fracture

In order to identify risk factors for HPP-related fractures, cor-
relations between patients with HPP-specific fractures and

other HPP characteristic parameters and symptoms were ana-
lyzed. There were significant correlations between HPP-
specific fractures and having two variants in the ALPL gene
(p < 0.001), low ALPL levels below 20 U/l (p = 0.001), ele-
vated serum phosphorous > 1.5 mmol/l (p < 0.001), and ele-
vated PLP > 30 ng/ml (p = 0.001). In addition, elevated lum-
bar spine T-Score ≥ 0 was significantly correlated with the
prevalence of HPP-related fractures (p = 0.003). Conversely,
there were no significant correlations of HPP-related fractures
with reduced femoral or lumbar spine T-Scores ≤ − 2.5 (p =
0.203; p = 0.524). Low vitamin D levels (p = 0.131), as well as
elevated NTX (p = 0.433), did not exhibit any association with
HPP-related fracture risk.

Discussion

The objective of this study was to evaluate BMD patterns
detected with DXA in adult HPP patients in order to assess
if DXA findings and other hallmarks of the disease are suit-
able to indicate the risk for HPP-related fractures. In order to
have a consistent dataset, only patients with a documented
genetic variant, low ALP, and both BMD assessments and
laboratory workup performed with the same devices and tools
at the same institution were included in this analysis.

Overall, BMD was not generally decreased in these HPP
patients and particularly lumbar spine T- and Z-Scores were

Table 1 Overview for
anthropometrics, lab values, and
BMD for all patients and gender
dependent

Mean (SD) All patients

(n = 110)

Female patients

(n = 84/76.4%)

Male patients

(n = 26/23.6%)

p value*

Anthropometrics

Age (year) 46.20 (13.8) 46.23 (14.0) 46.12 (13.6) 0.972

Height (cm) 167.33 (9.8) 166.37 (9.5) 170.42 (10.6) 0.066

Weight (kg) 72.95 (16.9) 74.18 (17.3) 69.00 (15.0) 0.173

BMI (kg/m2) 25.98 (5.4) 26.74 (5.7) 23.54 (3.3) 0.007*

Lab values (normal range)

ALP (f: 42–98/m: 53–128 U/l) 24.39 (11.6) 24.42 (11.7) 24.31 (11.6) 0.967

Phosphate (0.6–1.8 mmol/l) 1.36 (0.2) 1.38 (0.2) 1.28 (0.2) 0.068

PLP (5–30 ng/ml) 154.25 (281.2) 157.42 (303.1) 143.18 (190.3) 0.828

uPEA (2.3–11.3 mmol/mol Krea) 25.43 (33.4) 25.76 (36.3) 24.35 (21.9) 0.857

NTX (12.9–22.7 nM BCE/l) 13.48 (8.1) 13.64 (9.0) 12.96 (3.6) 0.616

Vitamin D (20–40 ng/ml) 25.51 (12.6) 25.44 (12.5) 25.73 (13.2) 0.927

BMD

Lumbar spine T-Score − 0.09 (1.9) + 0.02 (1.8) − 0.48 (2.0) 0.247

Lumbar spine Z-Score + 0.55 (2.0) + 0.75 (2.0) − 0.11 (2.0) 0.061

Total femur T-Score − 1.07 (1.2) − 1.12 (1.1) − 0.92 (1.2) 0.455

Total femur Z-Score − 0.56 (1.2) − 0.64 (1.2) − 0.32 (1.2) 0.237

Femoral neck T-Score − 1.73 (1.2) − 1.69 (1.3) − 1.86 (1.2) 0.556

Femoral neck Z-Score − 0.85 (1.2) − 0.87 (1.3) − 0.78 (1.1) 0.740

*Significant differences between female and male patients
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rather increased. Specifically, patients with two mutations,
lower ALP levels, and elevated levels for serum-phosphorus,
PLP, and urinary PEA, i.e., most severely affected individuals,
were showing significantly higher lumbar spine T- and Z-
Scores.Moreover, lumbar spine BMD increased with progres-
sive aging. A potential explanation for this finding of high
lumbar spine BMD in more severely affected patients and
with progressive aging could be compensatory appositional
bone formation resembling a diffuse idiopathic skeletal hyper-
ostosis and heterotopic calcification of neighboring soft tissue
structures and ligaments as well as supposed osteoid overload
potentially combined with structurally inappropriate mineral-
ization [8, 23–26]. The concept of such qualitative compro-
mise of bone in the most severely affected patients is support-
ed by the finding of these increased lumbar T- and Z-Scores
being associated with HPP-related fractures. Even though the
majority of HPP-related fractures were observed along the
lower extremities, i.e., femur, metatarsal bones, and tibia,

femoral BMD was not significantly altered and not a valid
prognostic marker for this kind of fracture. This divergence
is further substantiated by the finding that in those patients
with HPP-related fractures, we could not confirm the general-
ly well-established correlation of lumbar spine and total hip
BMD values [27].

While accumulation of inorganic pyrophosphate (PPi) in
HPP is considered to compromise proper bone mineralization,
extracellular accumulation of PPi in soft tissues is supposed to
trigger calcium pyrophosphate dihydrate (CPPD) deposition
and crystal formation near joints and calcification of ligaments
[24, 26, 28, 29]. Accordingly, inappropriately high lumbar
spine DXA values due to, e.g., heterotopic soft tissue calcifi-
cations around the spine may thus be an indicator of particu-
larly high PPi load which on the other hand is also associated
with severely compromised bonemineralization, predisposing
to pseudofractures. Since valid assays for direct measurement
of PPi load are not available in clinical routine, yet,

Fig. 1 Association between a
lumbar Z-Score and age and b
femoral Z-Score and age
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understanding this association appears evenmore important in
order to determine an individual patient’s specific fracture
risk. This actually corresponds to the finding of patients with
lower ALP activity having significantly higher lumbar spine
BMD (Fig. 2a).

Conversely, femoral BMD did not correlate with residual
ALP activity, and femoral results did not significantly differ
between patients with 1 vs. 2 mutations and patients with vs.
those without HPP-related fractures suggesting that with re-
gard to osteoporosis testing in patients with ALPL variants,
specifically at higher age, this anatomic region may be more
suitable and meaningful for assessing osteoporosis-related
fracture risk.

It surely would have been appealing to make a direct com-
parison of HPP-related and osteoporotic fractures in HPP pa-
tients but at this point, the number of attributable osteoporotic
fractures in this mixed cohort was too small to draw robust and
clinically meaningful conclusion. Indeed a preliminary review
of individual cases (data not shown) with osteoporotic frac-
tures suggests less reduced ALP levels and less elevated se-
rum-phosphorus, PLP, and urinary PEA levels along with
reduced femoral BMD as indicators for osteoporotic fractures.

The findings of our study confirm and substantiate what
has been expert-perceived knowledge before: Disease-related
fracture risk in adult patients with HPP exhibits a distinctive
pattern as compared with other conditions with increased risk

Fig. 2 Correlation between a
lumbar spine T-Score and ALP-
levels and b femoral T-Score and
ALP levels
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for no/low-trauma fractures. Beyond a specific fracture type
and morphology, this may also be reflected in characteristic
DXA findings. Accordingly, this data provides first evidence
that assessing BMD in HPP may have predictive value in
terms of identifying patients with severely compromised min-
eralization mirrored in pathologically elevated lumbar spine
BMD. While patients with pathologically elevated lumbar
spine BMD appear to be prone to experience HPP-related
fractures, DXA BMD at femoral sites appears to be largely

unaffected by the underlying ALPL genotype, making this
anatomical region suitable for assessing osteoporosis in pa-
tients harboring an ALPL variant, which is particularly impor-
tant for further strategies in terms of identifying individually
adjusted treatment strategies.

This study represents a first step towards discerning pa-
tients at risk for HPP-related fractures from patients with in-
creased fracture risk for other reasons carrying an ALPL mu-
tation and it also provides evidence that measuring BMDmay

Table 2 Comparison of patients
with 1 or 2 ALPL variants
regarding laboratory results and
BMD

Mean (SD) Patients with 1 variant

(n = 69/62.7%)

Patients with 2 variants

(n = 41/37.3%)

p value*

Anthropometrics

Age (year) 44.32 (12.0) 49.37 (16.1) 0.086

Height (cm) 167.43 (9.5) 167.15 (10.5) 0.883

Weight (kg) 72.22 (17.2) 74.20 (16.5) 0.555

BMI (kg/m2) 25.74 (5.9) 26.39 (4.4) 0.545

Lab values (normal range)

ALP (f: 42–98/m: 53–128 U/l) 28.93 (10.0) 16.76 (10.2) < 0.001*

Phosphate (0.6–1.8 mmol/l) 1.26 (0.2) 1.53 (0.2) < 0.001*

PLP (5–30 ng/ml) 47.42 (32.7) 343.26 (404.1) < 0.001*

uPEA (2.3–11.3 mmol/mol Krea) 12.24 (12.2) 47.64 (44.5) < 0.001*

NTX (12.9–22.7 nM BCE/l) 12.57 (4.5) 15.01 (11.4) 0.037*

Vitamin D (20–40 ng/ml) 24.12 (10.5) 27.85 (15.6) 0.175

BMD

Lumbar spine T-Score − 0.58 (1.2) + 0.83 (2.5) 0.002*

Lumbar spine Z-Score − 0.12 (1.2) + 1.71 (2.6) < 0.001*

Total femur T-Score − 1.05 (0.9) − 1.10 (1.7) 0.886

Total femur Z-Score − 0.60 (0.9) − 0.45 (1.7) 0.660

Femoral neck T-Score − 1.77 (1.1) − 1.63 (1.6) 0.615

Femoral neck Z-Score − 0.98 (1.1) − 0.55 (1.6) 0.189

*Significant differences between patients with 1 or 2 mutations

Fig. 3 Differences in femoral and lumbar spine Z-Scores for patients with two pathogenic variants
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be an informative tool for routinely assessing disease manifes-
tation in adults with HPP and how to differently interpret as-
sociated findings.While patients prone to HPP-associated frac-
tures (increased lumbar spine BMD, previous Pseudofractures,
substantially elevated substrate levels, two mutations) may
benefit from enhancing ALP enzyme activity in bone and
should be spared from treatments binding hydroxyapatite and
further reducing bone turnover [30], patients at risk for osteo-
porotic fractures (reduced femoral BMD, elevated bone turn-
over markers) without evidence for deficient bone mineraliza-
tion, treatments aiming at improving BMD may be beneficial
to reduce fracture risk. Osteoanabolic strategies that have been
probed in that regard include sclerostin-inhibition [31] and
solicited individual cases treated with PTH analogues [20,
32, 33] and even though systematic and long-term evidence
for these strategies are lacking, available data and pathophys-
iologic considerations at least do not imply untoward effects
regarding underlying HPP. If and how antiresorptive strategies
can elicit a favorable benefit-risk ratio in these patients remains
to be scrutinized, specifically when presuming that there may
be some residual mineralization deficit and/or low remodeling
activity even in the preferentially osteoporotic patients.

The limited number of cases and its retrospective nature
can be considered major limitations of this study. Thus, fur-
ther scientific effort is surely warranted to further refine
criteria helping to assign individual patients to specific frac-
ture risk categories and to generate evidence helping to advo-
cate adjusted treatment strategies.

Conclusion

In adult HPP patients, elevated lumbar spine DXA values
appear to be a hallmark of severe disease associated with
an increased risk for HPP-related fractures while femoral
BMD seems largely unaffected by disease severity.
Distinctly analyzing lumbar spine and femoral BMD data
may contribute to discriminating HPP-associated fracture
risk from other causes of increased fracture risk due to low
BMD which does not appear to be affected systematically
in subjects with ALPL.
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Table 3 Characteristics (mean
(SD)) for HPP patients with and
without HPP-related fractures

Mean (SD) HPP-related fractures

(n = 22/20%)

Other patients

(n = 88/80%)

p value*

Anthropometrics

Age (year) 52.73 (14.0) 44.57 (13.4) 0.013*

Height (cm) 167.18 (10.6) 167.36 (9.7) 0.939

Weight (kg) 77.05 (16.2) 71.93 (17.0) 0.205

BMI (kg/m2) 27.37 (4.0) 25.63 (5.6) 0.177

Lab values (normal range)

ALP (f:42-98/m: 53-128 U/l) 16.68 (11.1) 26.32 (11.0) < 0.001*

Phosphate (0.6-1.8 mmol/l) 1.58 (0.1) 1.30 (0.2) < 0.001*

PLP (5-30 ng/ml) 462.78 (483.2) 75.33 (104.4) 0.001*

uPEA (2.3-11.3 mmol/mol Krea) 59.36 (51.9) 16.10 (17.3) 0.001*

NTX (12.9-22.7 nM BCE/l) 15.55 (13.4) 12.96 (4.9) 0.040*

Vitamin D (20-40 ng/ml) 28.27 (11.6) 24.82 (13.8) 0.301

BMD

Lumbar spine T-Score + 1.33 (2.1) − 0.44 (1.7) < 0.001*

Lumbar spine Z-Score + 2.32 (2.4) + 0.11 (1.7) < 0.001*

Total femur T-Score − 1.36 (1.1) − 1.03 (1.2) 0.368

Total femur Z-Score − 0.77 (1.4) − 0.53 (1.2) 0.527

Femoral neck T-Score − 1.71 (1.0) − 1.74 (1.3) 0.943

Femoral neck Z-Score − 0.72 (1.2) − 0.87 (1.3) 0.698

*Significant differences between patients with and without HPP-related fractures
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