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Abstract
Purpose Scanty data about glucose metabolism and hypertension have been reported in Paget’s disease of bone (PDB) to be
related with increased cardiovascular mortality. The aim of the present study was to evaluate glucose and blood pressure
levels in PDB, looking for their association with disease severity.
Methods We performed an observational cross-sectional study in 54 patients with PDB and 54 age, sex and BMI-matched
controls. Glucose and blood pressure levels and parameters of bone and mineral metabolism were assessed.
Results Patients with PDB showed increased glucose levels (6.3 ± 1.7 vs 5.3 ± 1.4 mmol/l, p < 0.001) and prevalence of
impaired fasting glucose (14.8%, 5.3–24.3 vs 1.9%, 0–5.4, p < 0.02) as well as enhanced systolic blood pressure (145.9 ±
21.3 vs 132.9 ± 18.9 mmHg, p < 0.005), pulse pressure (69.6 ± 20.0 vs 56.0 ± 16.9 mmHg, p < 0.01) and prevalence of
isolated systolic hypertension (46.3%, 33.0–59.6 vs 16.7%, 6.7–26.6, p < 0.003) in comparison to controls. Moreover, we
found a positive association of (1) glucose levels with ionized calcium and bone alkaline phosphatase; (2) both systolic and
pulse pressure with total and bone alkaline phosphatase (p < 0.05). By multiple linear regression analysis (R2= 0.26; p <
0.05) serum ionized calcium correlated with glucose levels (β= 0.44; p < 0.04), after adjusting for age and BMI.
Conclusions Our study shows increased fasting glucose, systolic and pulse pressure levels as well as enhanced prevalence of
impaired fasting glucose and isolated systolic hypertension in PDB, potentially accounting for increased cardiovascular
mortality. Furthermore, our findings suggest high serum calcium and/or increased bone alkaline phosphatase as a link
between PDB and cardio-metabolic disorders.
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Introduction

Paget’s disease of bone (PDB) is a focal disorder of bone
remodeling affecting one or several bones, with preferential
target on the axial skeleton [1]. The disease is mostly
asymptomatic and incidentally diagnosed while performing
bone imaging or evaluating serum alkaline phosphatase
(ALP) levels for other clinical indications. Clinical com-
plaints of the disease may consist of bone pain, fragility
fracture, osteoarthritis and spinal stenosis, while less com-
mon manifestations are bone deformity, warmth of the skin

overlying the affected bone and deafness. Other rare com-
plications include high-output cardiac failure and
hypercalcemia.

Interestingly, among various comorbidities, some very
old reports described a higher prevalence of altered glucose
tolerance and hypertension in PDB [2–4] leading to an
enhanced cardiovascular morbidity and mortality [5], but
these findings were not confirmed by other authors [6, 7]
leaving the association between PDB and cardio-metabolic
disorders a question unanswered until now.

Noteworthy, it has recently emerged that the skeleton
probably acts as an endocrine organ with implications in the
regulation of glucose and energy metabolism, which may be
mediated by several factors including serum under-
carboxylated osteocalcin and bone alkaline phosphatase
(BAP) [8–10]. These factors could be highly synthesized
and released in conditions of both systemic and focal
enhanced bone turnover such as hyperparathyroidism and
PDB. In fact many findings in primary and secondary
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hyperparathyroidism have shown an increased prevalence
of cardio-metabolic disorders such as type 2 diabetes mel-
litus (DM2) and hypertension [11, 12]. Conversely, as
anticipated, data on glucose metabolism and hypertension
are scanty in PDB. Therefore we aimed to investigate the
prevalence of impaired fasting glucose (IFG), DM2 and
hypertension in PDB. Moreover, we looked also for the
association between these cardio-metabolic disorders and
biochemical indices of PDB severity after adjusting for
confounding factors.

Materials and methods

Fifty-four patients with PDB and fifty-four controls were
recruited among people referred consecutively to our Bone
Metabolism Diseases Centre from January 2004 until
December 2014, in order to perform an observational cross-
sectional study. We enrolled controls among people with
suspected osteoporosis, matching them to patients with
PDB for sex, age (±5 years) and BMI (±2.5 kg/m2). Con-
sidering the exploratory nature of this research, we did not
perform a power analysis and sample size estimation in
designing the study.

Some PDB patients as well as some controls were pre-
viously treated with anti-resorptive agents included oral
bisphosphonates, without significant differences among the
two groups (data not shown). However, no intravenous
bisphosphonates were administered before the study.
Moreover, calcium and vitamin D supplementation was
similar between PDB (33.3%, 20.8–45.9 and 64.8%,
52.1–77.6) and controls (48.1%, 34.8–61.5 and 59.3%,
46.2–72.4, respectively; p=NS).

Exclusion criteria include multiple endocrine neoplasia,
hyperparathyroidism, familial hypocalciuric hypercalcemia,
hypothyroidism, thyrotoxicosis, spontaneous or iatrogenic
hypercortisolism and neoplastic diseases. People with
severe physical limitations and those who were unable to
perform activities of daily living were also excluded from
the study.

At each participant’s visit, we collected weight and
height, we calculated body mass index and we measured
systolic (SBP) and diastolic blood pressure (DBP). The
average of three measurements in a seated position after a
5 min rest was considered as the final SBP and DBP. Pulse
pressure (PP) was calculated as the difference between SBP
and DBP values. The diagnosis of PDB was based on the
detection of typical bone lesions on plain radiographs of the
involved regions of the skeleton and elevated serum BAP
levels. Moreover, disease’s extension and activity were
investigated also by bone scintigraphy. Diagnosis of IFG
and DM2 were based on WHO criteria [13], while diagnosis
of hypertension was made according to the The Task Force

for the Management of Arterial Hypertension of the Eur-
opean Society of Hypertension and the European Society of
Cardiology [14].

Serum total calcium (Ca, mmol/l) and phosphate (P,
mmol/l) were tested using automated methods based on
colorimetric and enzymatic assays (Cobas, Roche). For
serum iCa (mmol/l) a specific probe was used after cor-
rection for pH. Intact PTH assay (ng/l) based on an
immunoradiometric sandwich method (IRMA) that used
two polyclonal antibodies (DiaSorin): an antibody,
recognizing the C-terminal region (aa 39–84) was used as
the capture antibody while an antibody recognizing the N-
terminal region was used for detection. Serum 25 OH
vitamin D (nmol/l) was tested by a radioimmunoassay
method using an antibody with specificity to 25 OH
vitamin D (DiaSorin). Plasma glucose (mmol/l) and
creatinine levels (µmol/l), were measured by enzymatic
colorimetric tests (Cobas, Roche). Glomerular filtration
rate (GFR) was calculated according to Cockroft-Gault
formula. ALP (UI/l) was tested using colorimetric assay in
accordance with a standardized method (Cobas, Roche):
in the presence of magnesium and zinc ions, p-nitrophenyl
phosphate was cleaved by phosphatases into phosphate
and p-nitrophenol, proportional to the ALP activity, that
was measured photometrically. BAP (µg/l) was measured
by an immunoradiometric sandwich method that uses
mouse monoclonal antibodies directed against two dif-
ferent epitopes of BAP and hence not competing (Beck-
man Coulter).

Bone mineral density (BMD) was assessed by dual-
energy x-ray absorptiometry (DXA) on a Hologic QDR
4500 instrument (Bedford, MA). BMD measurements are
given as grams per square centimeter. Affected bones were
excluded from DXA analysis. Fragility fracture rate was
assessed by medical history recall supported by radio-
graphic documentation including lateral vertebral
radiographs.

Data are presented as mean ± SD or as mean, 95% con-
fidence interval (CI). Normality of frequency distribution
functions was tested by the Shapiro–Wilk W-test. Sig-
nificant differences were sought by the Mann–Whitney U-
test, ANOVA test or Pearson’s Χ2 analysis. Spearman’s R
coefficient was used to look for associations of calcium
metabolism parameters with glucose, systolic, diastolic and
pulse pressure levels. Calculations were performed using
SPSS Windows release 24.0; p < 0.05 was considered
significant.

Results

Clinical and biochemical features of patients with PDB and
controls are shown in Table 1. As expected we found no
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significant difference in age, sex distribution and BMI
among the two groups.

PDB showed increased levels of ALP (mean ± SD:
437.5 ± 638 UI/l, p < 0.001), BAP (55.2 ± 34.5 µg/l, p <
0.001) and ionized calcium (1.16 ± 0.09 mmol/l, p < 0.02) in
comparison to controls (67.1 ± 20.4 UI/l, 9.2 ± 5.1 µg/l and
1.11 ± 0.09 mmol/l, respectively). There was no difference
in other metabolic bone parameters, creatinine and GFR
between the two groups.

BMD (g/cm2) was not statistically different between
patients with PDB (0.68 ± 0.25 at femoral neck and 0.84 ±
0.16 at lumbar spine) and controls (0.63 ± 0.18 and 0.82 ±
0.17, respectively, p=NS). Fragility fracture rate was also
similar between the two groups (frequency %, 95% con-
fidence interval: 29.6%, 17.5–41.8 vs 24.1%, 12.7–35.5, p
=NS).

No difference was found among patients with PDB and
controls in family history of Type 2 DM (5.6%, 0–11.7 vs
1.9%, 0–5.4, p=NS) and family history of CAD (1.9%,
0–5.4 vs 7.4%, 0.4–14.4, p=NS).

Table 2 shows fasting glucose, SBP, DBP and PP levels
as well as prevalence of IFG and/or DM2 and hypertension
in patients with PDB and controls.

We found that glucose levels in PDB were higher than in
controls. This difference was maintained also after exclud-
ing patients on antidiabetic therapy or after excluding those
with DM2. PDB showed glucose levels higher than controls
even after adjusting for BMI (p < 0.04). Consistently, the
former had an increased prevalence of IFG (14.8%,
5.3–24.3) in comparison to controls (1.9%, 0–5.4, p < 0.02),
while there was no difference in frequency of DM2 (16.7%,
6.7–26.6 vs 13.0%, 4.0–21.9, p=NS) and use of anti-
diabetic drugs (9.3%, 1.5–17.0 vs 13.0%, 4.0–21.9, p=NS)

between the two groups. When considering patients with
IFG and DM2 as a whole group, prevalence was higher in
PDB than in controls (31.5%, 19.1–43.9 vs 14.8%,
5.3–24.3, p < 0.05).

SBP and PP were significantly increased in PDB vs
controls, even after excluding patients on antihypertensive
therapy or those with hypertension. Moreover, PDB showed
higher SBP and PP levels than controls even after adjusting
for BMI (p < 0.02). Conversely, DBP was similar between
the two groups even after adjusting for confounding factors.
Accordingly we found an enhanced prevalence of isolated
systolic hypertension (SH; 46.3%, 33.0–59.6 vs 16.7%,
6.7–26.6, p < 0.003) and a trend towards a higher pre-
valence of hypertension (51.9%, 38.5–65.2 vs 44.4%,
31.2–57.7, p=NS) and CAD (11.1%, 2.7–19.5 vs 5.6%,
0–11.7, p=NS) in PDB than in controls. There was no
difference in use of anti-hypertensive drugs (50.0%,
36.7–63.3 vs 37.0%, 24.2–49.9, p=NS) between the two
groups.

In all patients glucose and blood pressure levels were
related in univariate analysis to some calcium metabolism
parameters (Table 3). Both serum ionized calcium and BAP
showed significant positive association with glucose levels,
while both ALP and BAP were positively related to both
SBP and PP. Considering all participants (i.e., PDB and
controls), those with IFG showed higher serum ionized
calcium levels than those without IFG (1.20 ± 0.06 vs
1.13 ± 0.10, p < 0.05), while patients with hypertension
showed higher BAP levels than those without hypertension
(49.2 ± 32.1 vs 39.7 ± 38.4 µg/l, p < 0.05).

In a model of multiple linear regression (R2= 0.26; p <
0.05), serum ionized calcium was significantly correlated
with glucose levels (β= 0.44; p < 0.04) after adjusting for
age and BMI.

Discussion

In present study in Paget’s disease of bone (PDB) we find
increased fasting glucose levels as well as enhanced pre-
valence of impaired fasting glucose (IFG); also the pre-
valence of IFG and type 2 diabetes mellitus (DM2) as a
whole was higher in PDB than in controls. Similarly we
show higher systolic blood pressure (SBP) and pulse pres-
sure (PP) values and increased frequency of isolated systolic
hypertension (SH) in PDB than in controls. Moreover glu-
cose levels show positive correlation with bone alkaline
phosphatase (BAP) and ionized serum calcium, while SBP
and PP display a relationship with both total alkaline
phosphatase (ALP) and BAP.

In 40’s some authors had reported metabolic alterations
in PDB, including glucose intolerance and hypertension
which could partly explain the reduced survival observed in

Table 1 Clinical and biochemical features in patients with Paget’s
disease of bone (PDB) and controls

PDB
n= 54

Controls
n= 54

Normal
ranges

Age (years) 71.7 ± 9.2 68.8 ± 10.7

Sex (M/F) 29/25 29/25

BMI (kg/m2) 27.5 ± 5.5 25.3 ± 4.4

ALP (UI/l) 437.5 ± 638.0* 67.1 ± 20.4 50.0–150.0

BAP (µg/l) 55.2 ± 34.5* 9.2 ± 5.1 8.0–16.0

Serum total calcium (mmol/l) 2.34 ± 0.13 2.34 ± 0.11 2.20–2.60

Serum ionized calcium (mmol/l) 1.16 ± 0.09** 1.11 ± 0.09 1.10–1.30

Urinary calcium (mmol/die) 2.8 ± 1.6 3.5 ± 1.9 2.5–7.5

Parathormone (ng/l) 46.0 ± 25.5 38.2 ± 17.4 10.0–65.0

25 (OH) vitamin D (nmol/l) 54.0 ± 24.5 56.0 ± 26.8 75.0–125.0

Serum creatinine (µmol/l) 75.6 ± 16.1 76.4 ± 18.1 44.2–106.1

Creatinine clearance (ml/s) 1.1 ± 0.6 1.3 ± 0.5 1.2–2.0

Data are presented as mean ± standard deviation

Statistical analysis is performed by Mann–Whitney test

ALP alkaline phosphatase, BAP bone alkaline phosphatase

*p < 0.001 vs controls; **p < 0.02 vs controls
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this disease [2–4], though these studies were carried out in
small sample size, in the absence of well-matched control
groups and without reporting some relevant biochemical

features and other clinical confounding factors. These
findings were questioned by more recent studies that did not
describe any correlation between PDB and DM2, hyper-
tension [5] and CAD [6]. However, these last authors per-
formed epidemiological reports not specifically designed to
investigate cardio-metabolic alterations in PDB, so that
various bias could hamper their results. In fact, in these
studies, participants were not matched for BMI and were
not characterized about family history of DM2, hyperten-
sion and CAD, with one study even performed as
questionnaire-based survey. Accordingly, the lack of dif-
ference among PDB and controls in prevalence of gout, a
well-known and typical finding in PDB [6], supports
patients’ selection bias. Conversely, in present report, we
perform a well-designed cross-sectional study with PDB
patients and controls matched for age, sex and BMI.
Moreover, in comparison to the above-mentioned old
reports, we reach a larger sample size and we analyze other
relevant biochemical and clinical factors known to affect
glucose metabolism and blood pressure. Furthermore, the
increased prevalence of IFG and SH in PDB is supported by
the relationship of some bone and mineral parameters with
glucose and blood pressure levels.

It has been previously hypothesized that in PDB an
accelerated rate of intestinal glucose absorption and an

Table 2 Blood glucose levels and prevalence of impaired fasting glucose (IFG) and/or type 2 diabetes mellitus (DM2) (a); systolic (SBP), diastolic
(DBP), pulse (PP) pressure values and prevalence of hypertension and isolated systolic hypertension (SH) (b) in patients with Paget’s disease of
bone (PDB) and controls

a All patients After excluding patients on
antidiabetic therapy

After excluding patients with
type 2 diabetes mellitus

PDB
(n= 54)

Controls
(n= 54)

PDB
(n= 49)

Controls
(n= 47)

PDB
(n= 45)

Controls
(n= 47)

Glucose (mmol/l) 6.3 ± 1.7* 5.3 ± 1.4 6.2 ± 1.6** 4.8 ± 0.7 5.8 ± 1.1** 4.8 ± 0.7

IFG (%) 14.8, 5.3–24.3* 1.9, 0–5.4 – – – –

DM2 (%) 16.7, 6.7–26.6 13.0, 4.0–21.9 – – – –

IFG+DM2 (%) 31.5, 19.1–43.9* 14.8, 5.3–24.3 – – – –

b All patients After excluding patients on
antihypertensive therapy

After excluding patients with
hypertension

PDB
(n= 54)

Controls
(n= 54)

PDB
(n= 27)

Controls
(n= 34)

PDB
(n= 26)

Controls
(n= 30)

SBP (mmHg) 145.9 ± 21.3* 132.9 ± 18.9 143.4 ± 23.0† 126.8 ± 16.7 143.8 ± 22.5† 126.2 ± 17.3

DBP (mmHg) 76.3 ± 11.1 76.9 ± 10.7 78.8 ± 13.4 76.2 ± 10.8 78.5 ± 13.7 74.8 ± 9.9

PP (mmHg) 69.6 ± 20.0† 56.0 ± 16.9 64.6 ± 21.0† 51.1 ± 14.2 65.3 ± 20.2† 51.4 ± 14.3

Hypertension (%) 51.9, 38.5–65.2 44.4, 31.2–57.7 – – – –

SH (%) 46.3, 33–59.6† 16.7, 6.7–26.6 – – – –

Data are presented considering the whole group and after excluding patients with DM2 or on antidiabetic therapy and those with hypertension or
on antihypertensive therapy, respectively

Data are presented as mean ± standard deviation or mean, 95% confidence interval (CI)

Statistical analysis is performed by Mann–Whitney test and Pearson’s Χ2 analysis

*p < 0.05 vs controls; **p < 0.01 vs controls

Table 3 Univariate analysis of serum alkaline phosphatase (ALP),
bone alkaline phosphatase (BAP) and ionized calcium (Ca++) with
glucose levels and systolic (SBP) and diastolic (DBP) blood pressure
and pulse pressure (PP) in patients with Paget’s disease of bone (PDB)
and in controls

PDB and controls

R p

ALP and glucose 0.13 NS

ALP and SBP 0.39 <0.006

ALP and DBP 0.08 NS

ALP and PP 0.45 <0.002

BAP and glucose 0.46 <0.004

BAP and SBP 0.27 <0.05

BAP and DBP 0.04 NS

BAP and PP 0.31 <0.03

Ca++ and glucose 0.34 <0.05

Ca++ and SBP −0.06 NS

Ca++ and DBP −0.08 NS

Ca++ and PP 0.01 NS

Statistical analysis is performed by Spearman’s test
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increased dephosphorylation of glucose phosphates medi-
ated by the elevated serum BAP could contribute to glucose
intolerance [3], whereas the loss of elasticity in calcified
vessels or nephrosclerosis might lead to hypertension [4].
However, it could be that also other alterations in calcium
metabolism parameters and/or factors released from typical
focal bone lesions due to high bone turnover are potentially
involved. Among these, hypercalcemia has been reported in
PDB [7], possibly ascribed to increased bone resorption in
pagetic skeletal lesions and/or reduced physical activity.
Our data suggest a role of serum calcium in determining the
alterations of glucose metabolism in PDB. In fact, we found
ionized calcium levels to be higher in PDB than in controls
and we observed a positive correlation between ionized
serum calcium and glucose levels, even after adjusting for
age and BMI. Consistently, many studies in other clinical
settings have shown an association between increased cal-
cium levels and glucose intolerance. For example, in pri-
mary hyperparathyroidism increased frequency of
cardiovascular risk factors including insulin resistance,
glucose intolerance and metabolic syndrome have been
reported [11, 15]. Moreover, a relationship between serum
calcium and glucose tolerance has been documented also in
a population-based cohort study involving adult people free
of known DM2 [16].

It has also been suggested by some authors that the
increased levels of BAP in PDB might be a contributory
factor in developing altered glucose tolerance [3]. Accord-
ingly, our data indicate a relationship between this bio-
chemical index and glucose levels in PDB. Consistently, in
a recent large cross-sectional study involving people with-
out DM2, Cheung et al. [10] found a positive and significant
correlation between BAP and both glucose levels and
insulin resistance. It may be that an increased bone turn-
over, through the release of BAP and/or other molecules,
would promote the onset of insulin resistance and then
altered glucose metabolism. In line with these findings, a
recent retrospective cohort study suggested that the expo-
sure to bisphosphonates, anti-resorptive agents able to
suppress BAP and bone resorption, could be associated with
a significant reduction in the risk of incident DM2 [17].

As already known, undercarboxylated osteocalcin has
shown to be involved in regulation of glucose metabolism,
probably stimulating both pancreatic β-cell proliferation and
insulin secretion, as well as improving insulin sensitivity
[18]. One might speculate that in a high bone turnover
disease like PDB, changes in undercarboxylated osteocalcin
levels could induce some effects on glucose metabolism.
However, serum osteocalcin is less consistently raised in
PDB compared with other formation markers such as ALP
and procollagen type-1 N-terminal propeptide [19] and
some authors found a normal fraction of decarboxylated
osteocalcin in PDB [20]. In line with current clinical

practice we focused on ALP and BAP levels and so we did
not collect osteocalcin levels in our study.

The high prevalence of hypertension in PDB could be
likely associated with the above-mentioned altered glucose
tolerance and increased insulin resistance. In fact, higher
BAP levels could contribute to this association leading to
both enhanced insulin resistance and vascular calcification
in PDB. Accordingly, other high bone turnover diseases,
like primary hyperparathyroidism, could be associated with
an increased vascular calcification, endothelial dysfunction
and peripheral vascular resistance, promoting hypertension
and cardiovascular morbidity [21]. In line with these data, it
has been shown that BAP levels correlate, beyond insulin
resistance, also with mean arterial pressure leading to
hypothesize that BAP may be the link between insulin
resistance and vascular calcification as well as cardiovas-
cular events [10]. However, the cross-sectional nature of
this study does not allow to surely define the direction of
causality and it also maybe that an increased bone turnover,
through the release of BAP, would promote the onset of
insulin resistance, hypertension and increased cardiovas-
cular morbidity and mortality. In addition, as already
known, people with PDB is characterized by an increased
cardiac output caused by an enhanced blood flow through
normally constituted but quantitatively increased osseous
vascular bed in pagetic lesions, leading to an increased SBP.
Furthermore, these anatomic alterations comprised of
enlarged vascular bed could lead to reduced peripheral
resistance accounting for the lack of increased DBP in our
study and contributing to the increase in PP.

Overall IFG, SH and increased PP may account for the
trend towards higher prevalence of CAD that we find in
affected patients, in line with the reduced survival due to
diseases of the circulatory system reported as the first cause
of death in PDB [5].

On the other hand we recognize that our study has some
limitations. Firstly, its cross-sectional design does not allow
to exclude the casual association between PDB and cardio-
metabolic alterations. In fact, it has to be noted that PDB as
well as altered glucose metabolism and hypertension are
more common in the elderly and could be coincident in the
same individual. Moreover, we did not perform glucose
tolerance tests and we did not measure either insulin, gly-
cosylated hemoglobin and insulin resistance indices to
better characterize glucose metabolism, or other compo-
nents of metabolic syndrome. Furthermore, we did not
evaluate C-peptide levels, deemed to promote bone forma-
tion [22]. Finally, due to the exploratory nature of this
investigation, we did not perform a power analysis and
sample size estimation in designing the study. Nevertheless,
strength of our findings is the relatively high sample size,
considering the low prevalence of PDB in general popula-
tion and the well controlled study design with participants
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comparable for age, sex, BMI and other factors known to
affect glucose metabolism and blood pressure.

In conclusion our data show an increased prevalence of
IFG and SH, as well as enhanced PP in PDB, potentially
accounting for increased death due to diseases of the cir-
culatory system. Furthermore, they suggest increased BAP
and/or serum ionized calcium as factors contributing to
cardio-metabolic diseases.
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