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Abstract

Objective: To evaluate the qualitative and quantitative alterations of bone tissue in patients with

early-stage Parkinson’s disease (PD) and to measure the associations between bone mineral

density (BMD), trabecular bone score (TBS) and physical performance.

Methods: This case–control study enrolled patients with early-stage PD and age-matched con-

trols. BMDs for the left femoral neck (L-FN) and lumbar spine (LS) were measured. Bone

microarchitecture for the LS was determined using TBS. Muscle performance was assessed

using the short physical performance battery (SPPB). Patients and controls were stratified in

two groups based on the SPPB score: a poor performance group (SPPB score �8) and high

performance group (SPPB> 8).

Results: This study included 26 patients: 13 in the PD group and 13 age-matched controls. The

mean� SD BMD results in the PD group were: L1–L4 BMD¼ 0.935� 0.183 g/cm2; L-FN

BMD¼ 0.825� 0.037 g/cm2; with bone microarchitecture degraded in four patients and partially

degraded in three patients. TBS was significantly different in the patients with PD stratified

according to SPPB. Among the controls, there was a significant difference in body mass index

between the two SPPB groups.

Conclusion: TBS might identify bone involvement earlier than BMD in the initial stages of PD.
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Introduction

Parkinson’s disease (PD) is a common neu-
rodegenerative movement disorder that
results from the progressive loss of dopami-
nergic neurons in the basal ganglia.1 PD has
an overall estimated prevalence of 0.3%.2 It
is clinically characterized by both motor,
such as rest tremor, bradykinesia, rigidity
and postural instability; and non-motor
symptoms such as depression, sleep disor-
ders and autonomic disturbances, which
increase disability and decrease quality-
of-life in this population.3 Among the
non-motor complications in patients with
PD, low bone mineral density (BMD) fre-
quently occurs, with a 2.2-fold increased
risk of fractures, compared with age- and
sex-matched controls.4 Moreover, in this
population, postural instability and gait
impairment strongly contribute to a high
risk of falling;5 and both low BMD and
falls are predictive factors for fracture risk
in this population.6,7 Currently, the gold
standard for the diagnosis of osteoporosis
and fracture risk assessment is BMD mea-
surement using dual-energy X-ray absorpti-
ometry (DXA), which provides quantitative
bone parameters only, without any infor-
mation about bone quality and architec-
ture. However, the trabecular bone score
(TBS), an instrumental tool that reflects
bone microarchitecture, improves fracture
risk prediction in post-menopausal
women, older men and in patients with sec-
ondary osteoporosis, such as those with
type 2 diabetes mellitus.8–10 Considering
the high risk of fracture in people with
PD, an assessment of bone health is man-
datory, although specific guidelines fail to

properly address this issue.11,12 Despite the

well-known skeletal fragility in people with

PD at advanced stages, bone involvement

in the early stages of PD has been poorly

investigated.
Therefore, the aim of this study was to

evaluate the qualitative and quantitative

alterations of bone tissue in patients with

early-stage PD and to measure the associa-

tions between BMD, TBS and physical

performance in the same population.

Patients and methods

Patient population

This cross-sectional case–control study

enrolled consecutive patients with PD in

the Department of Medical and Surgical

Specialties and Dentistry, University of

Campania ‘Luigi Vanvitelli’, Naples, Italy

between January 2019 and March 2019.

The inclusion criteria for the case group

were as follows: (i) a modified Hoehn &

Yahr score� 2 (early stages of PD);13 (ii)

absence of a history of fragility fracture.

The exclusion criteria for the case group

were as follows: (i) significant comorbidities

(i.e. cardiovascular or cerebrovascular dis-

ease, renal or hepatic insufficiency); (ii)

individuals unable to understand and sign

informed consent. The control group con-

sisted of age-matched patients referred to

the outpatient rehabilitation service of the

University of Campania ‘Luigi Vanvitelli’,

Naples, Italy for a bone health screening

through DXA examination for primary

prevention of osteoporosis who were

recruited during the same time period.
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All patient data were de-identified to

ensure patient privacy.14 All participants

provided written informed consent. The

study was conducted in accordance with

the Declaration of Helsinki of 1975 as

revised in 2013 (Ethical Committee of the

University of Campania ‘Luigi Vanvitelli’;

Committee’s reference number: protocol

number 412, approved on 30 May 2018).

This study was performed in accordance

with the Strengthening the Reporting of

Observational Studies in Epidemiology

(STROBE) reporting guidelines.15

Data collection

Data collected included demographic,

anthropometric and anamnestic character-

istics such as age, sex, body mass index

(BMI) and disease duration. The following

instrumental and functional outcomes were

assessed: (i) BMD of the lumbar spine (LS)

and left femoral neck (L-FN), measured

using a GE Lunar iDXA system (GE

Healthcare Biosciences, Piscataway, NJ,

USA); (ii) TBS was determined using TBS

iNsightTM software (GE Healthcare

Biosciences); (iii) muscle performance was

determined using the short physical

performance battery (SPPB) and the

patients in each study group were stratified

into the following performance groups: a

poor performance group (SPPB score �8;

group A1 in patients with PD and group

A2 in control patients) and a high perfor-

mance group (SPPB> 8; group B1 in

patients with PD and group B2 in control

patients). The primary outcome of the

study was to compare the qualitative and

quantitative data of patients with early

stage PD and controls within the perfor-

mance group.

Statistical analyses

All statistical analyses were performed using

IBM SPSS Statistics for Windows, Version

25.0 (IBM Corp., Armonk, NY, USA).

Continuous variables are presented as

mean� SD and categorical variables as n

(%). Distribution of all variables was

tested using the Shapiro–Wilk test. After

applying Levene’s test for variance, inter-

group comparisons were made using

Wilcoxon Mann–Whitney U-test for inde-

pendent variables. A P-value< 0.05 was

considered statistically significant.

Results

This case–control study included 26

patients: 13 in the PD group (seven males,

six females) and 13 age-matched controls

(three males, 10 females). There were no

significant differences in the demographic

and clinical characteristics between the

two groups (Table 1). The DXA analysis

and SPPB scores of the PD and control

groups are presented in Tables 2 and 3,

respectively. Four patients in the PD group

already presented degraded microarchitec-

ture (TBS< 1.200) and three patients

had partially degraded microarchitecture

Table 1. Demographic and clinical characteristics
of patients with Parkinson’s disease (PD) (n¼ 13)
and healthy control subjects (n¼ 13) that were
enrolled in a case–control study to investigate the
qualitative and quantitative alterations of bone
tissue in patients with PD at the early stages.

Characteristic

PD group

n¼ 13

Control group

n¼ 13

Age, years 65.77� 6.11 65.38� 8.08

BMI, kg/m2 27.60� 3.86 27.47� 4.97

Sex

Male 7 (53.85%) 3 (23.08%)

Female 6 (46.15%) 10 (76.92%)

Disease duration,

years

4.2� 1.2 NA

Data presented as mean� SD or n of patients (%).

All variables were normally distributed. No significant

between-group differences (P� 0.05); Wilcoxon Mann–

Whitney U-test.

BMI, body mass index; NA, not applicable.
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(1.200<TBS > 1.350) (Table 2), while two
patients in the control group had degraded
microarchitecture and five had partially
degraded microarchitecture (Table 3).
When comparing patients with PD accord-
ing to their physical performance level
(SPPB score� 8 versus SPPB score> 8),
there was a significant difference for
TBS (P¼ 0.0063) (Table 4). In the control
group, the only significant difference
between the two subgroups was for BMI,
with the subgroup with an SPPB score� 8
having a significantly higher BMI than
the subgroup with an SPPB score> 8
(P¼ 0.034) (Table 5).

Discussion

Patients with PD that have a modified

Hoehn & Yahr score> 2.5, which repre-

sents a moderate-to-severe functional

impairment, have a reduced BMD com-

pared with the general population.4 These

current data show that TBS, a parameter of

bone quality (microarchitecture), might be

an earlier predictor of bone involvement

than BMD in PD patients with a modified

Hoehn & Yahr score� 2 (early stages of

PD). In the PD group, the BMD and

T-score values were not of clinical signifi-

cance, which was in contrast to the

Table 2. Dual-energy X-ray absorptiometry (DXA), trabecular bone score (TBS) and short physical per-
formance battery (SPPB) score of patients with Parkinson’s disease (PD) (n¼ 13) that were enrolled in a
case–control study to investigate the qualitative and quantitative alterations of bone tissue in patients with
PD at the early stages.

Bone parameter BMD, g/cm2 T-score

L1–L4 0.935� 0.183 –0.67� 0.34

L-FN 0.825� 0.037 –1.62� 1.04

TBS for overall PD group (1.311� 0.39) TBS< 1.200 1.200<TBS> 1.350 TBS> 1.350

4 (30.8%) 3 (23.1%) 6 (46.2%)

TBS for SPPB performance groups TBS< 1.200 1.200<TBS> 1.350 TBS> 1.350

Group A (SPPB� 8) (n¼ 5) 4 (80.0%) 0 (0.0%) 1 (20.0%)

Group B (SPPB> 8) (n¼ 8) 0 (0.0%) 3 (37.5%) 5 (62.5%)

Data presented as mean� SD or n of patients (%).

BMD, bone mineral density; L-FN, left femoral neck.

Table 3. Dual-energy X-ray absorptiometry (DXA), trabecular bone score (TBS) and short physical per-
formance battery (SPPB) score of healthy control subjects (n¼ 13) that were enrolled in a case–control
study to investigate the qualitative and quantitative alterations of bone tissue.

Bone parameter BMD, g/cm2 T-score

L1–L4 1.180� 0.165 –0.10� 2.54

L-FN 1.002� 0.15 –0.35� 1.21

TBS for overall control group (1.280� 0.13) TBS< 1.200 1.200<TBS> 1.350 TBS> 1.350

2 (15.4%) 5 (38.5%) 6 (46.2%)

TBS for SPPB performance groups TBS< 1.200 1.200<TBS> 1.350 TBS> 1.350

Group A (SPPB� 8) (n¼ 9) 1 (11.1%) 5 (55.6%) 3 (33.3%)

Group B (SPPB> 8) (n¼ 4) 1 (25.0%) 0 (0.0%) 3 (75.0%)

Data presented as mean� SD or n of patients (%).

BMD, bone mineral density; L-FN, left femoral neck.
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deterioration in bone quality that was sug-
gested by the degraded or partially degrad-
ed TBS results. These findings may support
the importance of TBS as a crucial risk
factor for bone architecture. This is in

contrast to a previous study that investigat-
ed the role of TBS in osteoporosis diagnosis
in men with moderate-to-severe PD, which
reported a significantly higher TBS in com-
parison with the control group (people
without PD).16

The pathogenesis of bone loss in people
with PD remains to be clarified. These cur-
rent findings might support the hypothesis
that the early bone microarchitectural alter-
ation is due to dopaminergic depletion as
well as L-DOPA supplementation. Indeed,
it has been recently demonstrated in a
mouse model that dopaminergic neuron
degeneration leads to earlier bone loss
than motor dysfunction.17 This suggests
that the dopaminergic system may play a
role in regulating bone metabolism through
both gonadal steroid hormone-dependent
and -independent mechanisms; dopaminer-
gic depletion may lead to hyperprolactinae-
mia, resulting in sex steroid deficiency and
secondary osteoporosis.17 Moreover, L-
DOPA administration might reduce bone
formation rate and increase serum homo-
cysteine (Hcy), leading to bone loss.
Higher levels of Hcy enhance osteoclasto-
genesis through an oxidative mechanism
and matrix metalloproteinase activation
mediated by mitochondria, inducing bone
matrix degradation; at the same time, Hcy
plays a role in the vascular network-
mediated decrease in bone blood flow,
impairing normal bone growth and
repair.18

Recent evidence shows that the auto-
nomic nervous system, including dopami-
nergic signalling, plays an important role
in the regulation of bone metabolism.19 In
particular, dopamine seems to inhibit osteo-
clast differentiation via the dopamine recep-
tor 2 (D2R)/cyclic adenosine monophosphate
(cAMP)/protein kinase A (PKA)/cAMP-
response element binding protein (CREB)
pathway.20 Activation of D2R induces
second messengers, such as cAMP, to modu-
late PKA activity in order to phosphorylate

Table 5. Comparison of bone mineral density
(BMD), trabecular bone score (TBS) and demo-
graphic characteristics of control subjects (n¼ 13)
stratified according to their short physical
performance battery (SPPB) score.

Group A

SPPB� 8

n¼ 9

Group B

SPPB> 8

n¼ 4

Age, years 67.01� 7.93 61.75� 8.22

BMI, kg/m2 29.49� 4.02 22.92� 3.96a

Duration of PD,

years

NA NA

L1-L4 BMD, g/cm2 1.22� 0.21 1.03� 0.13

L-FN BMD, g/cm2 0.93� 0.14 0.77� 0.09

TBS 1.25� 0.15 1.29� 0.12

Data presented as mean� SD.

All variables were normally distributed; aP¼ 0.034 for

between-group comparison; Wilcoxon Mann–Whitney

U-test.

BMI, body mass index; PD, Parkinson’s disease; NA, not

applicable.

Table 4. Comparison of bone mineral density
(BMD), trabecular bone score (TBS) and demo-
graphic characteristics of patients with Parkinson’s
disease (PD) (n¼ 13) stratified according to their
short physical performance battery (SPPB) score.

Group A

SPPB� 8

n¼ 5

Group B

SPPB> 8

n¼ 8

Age, years 66.78� 5.40 65.12� 6.80

BMI, kg/m2 26.58� 5.01 28.24� 3.16

Duration of PD,

years

4.09� 1.24 4.51� 1.41

L1–L4 BMD, g/cm2 1.06� 0.21 1.15� 0.11

L-FN BMD, g/cm2 0.82� 0.14 0.82� 0.13

TBS 1.18� 0.10 1.38� 0.10a

Data presented as mean� SD.

All variables were normally distributed; aP¼ 0.0063 for

between-group comparison; Wilcoxon Mann–Whitney

U-test.

BMI, body mass index.
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the transcriptional factor CREB.20 These

events trigger a cascade of osteoclast marker

gene expression resulting in the inhibition of

osteoclastogenesis.20 Nevertheless, dopamine

receptors are expressed in osteoblasts with a

hypothesized role in cellular proliferation

and mineralization that open up future sce-

narios for enhancing bone regeneration in

several conditions, such as bone healing

and peri-implant bone loss.21 In addition,

it was documented that the administration

of L-DOPA increases bone fragility, presum-

ably depending on high serum levels of Hcy

that seems to be toxic for both osteoclasts

and osteoblasts causing bone damage in PD

patients receiving this drug.21 The optimiza-

tion of L-DOPA treatment as well as the

administration of antioxidants and vitamin

B (i.e. B6, B9 and B12) might be useful to

prevent bone loss in this population.22

To date, it remains unclear whether

pharmacological treatments for osteoporo-

sis effectively reduce risk of fractures in

patients with PD.23 However, among the

available antiresorptive treatments, zole-

dronic acid, an ammino-bisphosphonate,

shows more promising results, particularly

in terms of treatment adherence in this pop-

ulation, as reported by the TOPAZ study.24

Regarding other therapeutic strategies,

including denosumab, a monoclonal anti-

body that inhibits osteoclast maturation

by binding to receptor activator of nuclear

factor j B ligand (RANKL), anabolic

agents such as parathyroid hormone-

related protein analogues (teriparatide and

abaloparatide) and dual-action drugs such

as romosozumab, a monoclonal antibody

sclerostin inhibitor, these have demonstrat-

ed efficacy in improving bone density and

in reducing risk of fragility fractures

in people affected by osteoporosis.25,26

However, it should be noted that denosu-

mab and romosozumab seem to reduce the

risk of falls by 20% in the general popula-

tion, but otherwise only limited evidence is

available about the effectiveness of these
drugs in PD patients.27,28

Several studies investigated the preva-
lence of osteoporosis in PD, typically
including patients with worse Hoehn &
Yahr scores compared to the current popu-
lation.22–29 A previous study found a high
prevalence of bone loss in patients with PD
at the early stages based on quantitative
parameters (i.e. BMD); reporting osteope-
nia and osteoporosis in 41.4% and 11.8%
of patients, respectively.30 However, the
study did not provide any information
about qualitative parameters of bone
tissue. Nonetheless, it is well known that
BMD is of limited use in assessing bone
fragility, considering that this method does
not investigate bone quality.31 TBS is a tex-
ture parameter that provides useful infor-
mation that is not captured from the
standard DXA measurement of BMD.
TBS is strongly supported by clinical and
scientific evidence that makes it an attrac-
tive instrumental approach to enhance frac-
ture risk stratification,8,32,33 particularly in
patients with secondary osteoporosis, such
as those with PD. A previous study that
investigated the role of TBS in osteoporosis
diagnosis in men with moderate-to-severe
PD reported a significantly higher TBS in
comparison with the control group (people
without PD).16 The TBS appears to predict
the risk of fractures and detrimental
bone quality earlier than BMD, even in
other neurodegenerative disease. A cross-
sectional study investigated the bone
health in a cohort of patients with amyotro-
phic lateral sclerosis and reported degraded
and partially degraded values in over 65%
of the patients despite normal BMD
values.34

The originality of this current study was
that it investigated for the first time the
bone quality of patients with early stage
PD. As the current results show, the TBS
scores in patients with PD were significantly
different according to the physical
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performance status based on SPPB scores;

with lower a TBS in the subgroup with a

lower SPPB score despite them having a

normal BMD value. This might suggest

that an evaluation of bone quality might

be an earlier predictor of bone alterations

in patients with early stage PD. The same

comparison in the control group did not

result in a significant difference in TBS

between the two SPPB subgroups. These

findings might support the association

between muscle performance and bone

impairment in patients with early stage

PD.35 This correlation is commonly

observed in other neurodegenerative disor-

ders, such multiple sclerosis (MS), where

individuals often experience a decrease in

bone strength and muscle function.36

However, in patients with MS, TBS does

not seem to be affected when compared

with a reference population, suggesting

that only BMD is reduced in these patients,

rather than bone microarchitecture.36

This current study had several limitations.

First, the study included a small sample size.

Secondly, possible selection bias might have

resulted from poorly defined risk factors,

cross-sectional study design and confound-

ing factors such as different disease-specific

therapies (e.g. L-DOPA) or physical activity

levels reported at baseline.
In conclusion, the findings of this current

study suggest that TBS might identify bone

involvement earlier than BMD in the initial

stages of PD. Despite the limitations and

preliminary nature of these current find-

ings, they suggest that a complete bone

assessment including TBS should be provid-

ed since the early management of osteopo-

rosis based on an improved estimation of

bone fragility should reduce the risk of frac-

tures in patients with PD.

Acknowledgement

The authors acknowledge Dr Matteo Bertone

who contributed to the data collection.

Author contribution

A.M., S.L. and G.I. contributed to the concep-

tion and design of the paper; A.M. and F.G.

contributed to the methodology; S.L., Fi.G.

and M.P. performed the data analysis; S.L. and

Fi.G. wrote the original draft of the manuscript;

A.M., G.B. and F.G. reviewed the second draft

of the manuscript; F.G. and G.I. contributed to

the study supervision. All authors contributed to

manuscript revision and read and approved the

submitted version.

Declaration of conflicting interest

The authors declare that there are no conflicts of

interest.

Funding

This research received no specific grant from

funding agency in the public, commercial, or

not-for-profit sectors.

ORCID iD

Antimo Moretti https://orcid.org/0000-0002-

4598-2891

References

1. Kalia LV and Lang AE. Parkinson’s disease.

Lancet 2015; 386: 896–912. doi: 10.1016/

S0140-6736(14)61393-3. Epub 2015 Apr 19.

PMID: 25904081.
2. Pringsheim T, Jette N, Frolkis A, et al. The

prevalence of Parkinson’s disease: a systematic

review and me-ta-analysis. Mov Disord 2014;

29: 1583–1590. doi: 10.1002/mds.25945. Epub

2014 Jun 28. PMID: 24976103.
3. Burch D and Sheerin F. Parkinson’s disease.

Lancet 2005; 365: 622–627. doi: 10.1016/

S0140-6736(05)17915-X. PMID: 15708109.
4. Abou-Raya S, Helmii M and Abou-Raya A.

Bone and mineral metabolism in older adults

with Parkinson’s disease. Age Ageing 2009; 38:

675–680. doi: 10.1093/ageing/afp137.
5. Liguori S, Moretti A, Palomba A, et al.

Non-motor impairments affect walking

kinematics in Parkinson disease patients: A

cross-sectional study. NeuroRehabilitation

2021; 49: 481–489. doi: 10.3233/NRE-

210146. PMID: 34420985.

Liguori et al. 7

https://orcid.org/0000-0002-4598-2891
https://orcid.org/0000-0002-4598-2891
https://orcid.org/0000-0002-4598-2891


6. Tan L, Wang Y, Zhou L, et al. Parkinson’s

disease and risk of fracture: a meta-analysis

of prospective cohort studies. PLoS One

2014; 9: e94379. doi: 10.1371/journal.

pone.0094379. PMID: 24714656; PMCID:

PMC3979831.
7. Malochet-Guinamand S, Durif F and

Thomas T. Parkinson’s disease: A risk

factor for osteoporosis. Joint Bone Spine

2015; 82: 406–410. doi: 10.1016/j.jbspin.

2015.03.009. Epub 2015 Oct 6. PMID:

26453100.
8. Martineau P and Leslie WD. Trabecular

bone score (TBS): Method and applications.

Bone 2017; 104: 66–72. doi: 10.1016/j.

bone.2017.01.035. Epub 2017 Feb 1.

PMID: 28159710.
9. Ho-Pham LT and Nguyen TV. Association

between trabecular bone score and type 2

diabetes: a quantitative update of evidence.

Osteoporos Int 2019; 30: 2079–2085. doi:

10.1007/s00198-019-05053-z. Epub 2019

Jun 18. PMID: 31214749.
10. Krohn K, Schwartz EN, Chung YS, et al.

Dual-energy X-ray Absorptiometry

Monitoring with Trabecular Bone Score:

2019 ISCD Official Position. J Clin

Densitom 2019; 22: 501–505. doi: 10.1016/j.

jocd.2019.07.006. Epub 2019 Jul 9. PMID:

31383412.
11. Lyell V, Henderson E, Devine M, et al.

Assessment and management of fracture

risk in patients with Parkinson’s disease.

Age Ageing 2015; 44: 34–41. doi: 10.1093/

ageing/afu122. Epub 2014 Sep 18. PMID:

25236847.
12. Raglione LM, Sorbi S and Nacmias B.

Osteoporosis and Parkinson’s disease. Clin

Cases Miner Bone Metab 2011; 8: 16–18.

PMID: 224623; PMCID: PMC3279061.
13. Poewe W, Seppi K, Tanner CM, et al.

Parkinson disease. Nat Rev Dis Primers

2017; 3: 17013. doi: 10.1038/nrdp.2017.13.

PMID: 28332488.
14. Moretti A, Liguori S, Paoletta M, et al.

Characterization of bone involvement in

early Parkinson’s Disease patients: a pilot

cross-sectional study. In: 2020 Annual

Meeting of the American Society for Bone

and Mineral Research Virtual Event, 11–15

September 2020, abstract no. P-630. J Bone

Miner Res 2020; 35(Suppl 1): S1–S349.

https://doi.org/10.1002/jbmr.4206. https://

onlinelibrary.wiley.com/toc/15234681/2020/

35/S1 (2020, accessed 13.03.24).
15. von Elm E, Altman DG, Egger M, et al. The

Strengthening the Reporting of

Observational Studies in Epidemiology

(STROBE) statement: guidelines for report-

ing observational studies. Ann Intern Med

2007; 147: 573–577.
16. Povoroznyuk V, Bystrytska M, Grygorieva

N, et al. Bone Mineral Density, TBS, and

Body Composition Indexes in Ukrainian

Men with Parkinson’s Disease. Parkinsons

Dis 2019; 2019: 9394514. doi: 10.1155/2019/

9394514. PMID: 30881687; PMCID:

PMC6383390.
17. Handa K, Kiyohara S, Yamakawa T, et al.

Bone loss caused by dopaminergic degener-

ation and levodopa treatment in Parkinson’s

disease model mice. Sci Rep 2019; 9: 13768.

doi: 10.1038/s41598-019-50336-4. PMID:

31551490; PMCID: PMC6760231.
18. Behera J, Bala J, Nuru M, et al.

Homocysteine as a Pathological Biomarker

for Bone Disease. J Cell Physiol 2017; 232:

2704–2709. doi: 10.1002/jcp.25693. Epub

2017 Apr 12. PMID: 27859269; PMCID:

PMC5576446.
19. Lee SH, Kim MJ, Kim BJ, et al.

Hyperhomocysteinemia due to levodopa

treatment as a risk factor for osteoporosis

in patients with Parkinson’s disease. Calcif

Tissue Int 2010; 86: 132–141. doi: 10.1007/

s00223-009-9327-6. Epub 2010 Jan 5. PMID:

20049422.
20. Wang L, Han L, Xue P, et al. Dopamine

suppresses osteoclast differentiation via

cAMP/PKA/CREB pathway. Cell Signal

2021; 78: 109847. doi: 10.1016/j.cell-

sig.2020.109847. Epub 2020 Nov 24.

PMID: 33242564; PMCID: PMC8691485.
21. Lee DJ, Tseng HC, Wong SW, et al.

Dopaminergic effects on in vitro osteogene-

sis. Bone Res 2015; 3: 15020. doi: 10.1038/

boneres.2015.20. PMID: 26558139; PMCID:

PMC4639997.
22. Invernizzi M, Carda S, Viscontini GS, et al.

Osteoporosis in Parkinson’s disease.

Parkinsonism Relat Disord 2009; 15: 339–346.

8 Journal of International Medical Research

https://doi.org/10.1002/jbmr.4206
https://onlinelibrary.wiley.com/toc/15234681/2020/35/S1
https://onlinelibrary.wiley.com/toc/15234681/2020/35/S1
https://onlinelibrary.wiley.com/toc/15234681/2020/35/S1


doi: 10.1016/j.parkreldis.2009.02.009. Epub
2009 Apr 5. PMID: 19346. 153.

23. Figueroa CA and Rosen CJ. Parkinson’s
disease and osteoporosis: basic and clinical
implications. Expert Rev Endocrinol Metab

2020; 15: 185–193. doi: 10.1080/
17446651.2020.1756772. Epub 2020 Apr 26.
PMID: 32336178; PMCID: PMC7250483.

24. Tanner CM, Cummings SR, Schwarzschild
MA, et al. The TOPAZ study: a home-based
trial of zoledronic acid to prevent fractures
in neurodegenerative parkinsonism. NPJ

Parkinsons Dis 2021; 7: 16. https://doi.org/
10.1038/s41531-021-00162-1.

25. Iolascon G, Moretti A, Toro G, et al.
Pharmacological Therapy of Osteoporosis:
What’s New? Clin Interv Aging 2020;
15: 485–491. https://doi.org/10.2147/CIA.
S242038.

26. Iolascon G, Liguori S, Paoletta M, et al.
Anti-sclerostin antibodies: a new frontier in
fragility fractures treatment. Ther Adv

Musculoskelet Dis 2023; 15: 1759720X23
1197094. https://doi.org/10.1177/1759720X
231197094.

27. Chotiyarnwong P, McCloskey E, Eastell R,
et al. A Pooled Analysis of Fall Incidence
From Placebo-Controlled Trials of

Denosumab. J Bone Miner Res 2020; 35:
1014–1021. https://doi.org/10.1002/jbmr.3972.

28. Moretti A and Iolascon G. Sclerostin: clini-
cal insights in muscle-bone crosstalk. J Int

Med Res 2023; 51: 3000605231193293.
https://doi.org/10.1177/03000605231193293.

29. Bezza A, Ouzzif Z, Naji H, et al. Prevalence
and risk factors of osteoporosis in patients
with Parkinson’s disease. Rheumatol Int

2008; 28: 1205–1209. doi: 10.1007/s00296-
008-0632-6. Epub 2008 Jul 1. PMID:
18592245.

30. van den Bos F, Speelman AD, van
Nimwegen M, et al. Bone mineral density
and vitamin D status in Parkinson’s disease

patients. J Neurol 2013; 260: 754–760. doi:
10.1007/s00415-012-6697-x. Epub 2012 Oct
9. PMID: 23052606.

31. Ruaro B, Casabella A, Molfetta L, et al.
What Role Does Trabecular Bone Score
Play in Chronic Inflammatory Rheumatic
Diseases? Front Med (Lausanne) 2020; 7:
600697. doi: 10.3389/fmed.2020.600697.
PMID: 33425947; PMCID: PMC7793927.

32. Anderson KB, Holloway-Kew KL, Hans D,
et al. Reference Ranges for Trabecular Bone
Score in Australian Men and Women: A
Cross-Sectional Study. JBMR Plus 2019; 3:
e10133. doi: 10.1002/jbm4.10133. PMID:
31346565; PMCID: PMC6636769.

33. Shevroja E, Lamy O, Kohlmeier L, et al.
Use of Trabecular Bone Score (TBS) as a
Com-plementary Approach to Dual-energy
X-ray Absorptiometry (DXA) for Fracture
Risk Assessment in Clinical Practice. J Clin

Densitom 2017; 20: 334–345. doi: 10.1016/j.
jocd.2017.06.019. Epub 2017 Jul 19. PMID:
28734710.

34. Morini E, Portaro S, Leonetti D, et al. Bone
Health Status in Individuals with
Amyotrophic Lateral Sclerosis: A Cross-
Sectional Study on the Role of the
Trabecular Bone Score and Its Implications

in Neurorehabilitation. Int J Environ Res

Public Health 2023; 20: 2923. doi: 10.3390/
ijerph20042923. PMID: 36833619; PMCID:
PMC9956887.

35. Locquet M, Beaudart C, Bruy�ere O, et al.
Bone health assessment in older people with
or without muscle health impairment.
Osteoporos Int 2018; 29: 1057–1067. doi:
10.1007/s00198-018-4384-1. Epub 2018 Feb
14. PMID: 29445830; PMCID: PMC5948285.

36. Olsson A, Oturai AB, Søndergaard HB,
et al. Bone microarchitecture and bone min-
eral density in multiple sclerosis. Acta Neurol

Scand 2018; 137: 363–369. https://doi.org/
10.1111/ane.12884.

Liguori et al. 9

https://doi.org/10.1038/s41531-021-00162-1
https://doi.org/10.1038/s41531-021-00162-1
https://doi.org/10.2147/CIA.S242038
https://doi.org/10.2147/CIA.S242038
https://doi.org/10.1177/1759720X231197094
https://doi.org/10.1177/1759720X231197094
https://doi.org/10.1002/jbmr.3972.
https://doi.org/10.1177/03000605231193293
https://doi.org/10.1111/ane.12884.
https://doi.org/10.1111/ane.12884.

	table-fn1-03000605241237880
	table-fn2-03000605241237880
	table-fn3-03000605241237880
	table-fn4-03000605241237880
	table-fn5-03000605241237880
	table-fn6-03000605241237880
	table-fn7-03000605241237880
	table-fn11-03000605241237880
	table-fn12-03000605241237880
	table-fn13-03000605241237880
	table-fn8-03000605241237880
	table-fn9-03000605241237880
	table-fn10-03000605241237880

