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Abstract

Introduction: Glucocorticoid-induced osteoporosis (GIOP) is a common secondary
osteoporosis resulting from chronic corticosteroid use. It affects bone homeostasis, leading
to significant reductions in bone mineral density (BMD) and an increased risk of vertebral
and non-vertebral fractures. Due to the increasing number of patients requiring long-term
glucocorticoid therapy, a comprehensive understanding of pharmacological interventions
available for glucocorticoid-induced osteoporosis is essential.

Objective: To evaluate the efficacy, effectiveness, and safety of different pharmacological
therapies used in the management of patients with glucocorticoid-induced osteoporosis
through a scoping review of the available literature.

Methods: Following the Joanna Briggs Institute (JBI) methodology, a scoping review
was conducted using major databases (PubMed, Embase, Cochrane, and others). Studies
including adults with glucocorticoid-induced osteoporosis treated with pharmacological
therapies such as bisphosphonates, denosumab, teriparatide, and others were considered.
Outcomes focused on changes in bone mineral density, fracture risk reduction, and
treatment safety. A total of 40 studies were included (39 on efficacy, 1 on effectiveness,
and 12 on safety).

Results: Bisphosphonates (e.g., risedronate, alendronate, and zoledronate) significantly
improved lumbar spine bone mineral density (up to +4.8%; with variability across studies,
including mean changes around +4.9% * 4.5% in randomized controlled trials [RCTs])
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symptoms being most common.
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and reduced vertebral fracture risk (by up to 82.4%). Teriparatide demonstrated superior
efficacy in increasing bone mineral density (+7.8% to +11.0%) and reducing fracture
incidence, especially in high-risk patients. Denosumab also showed notable improvements
in bone mineral density and bone turnover markers. Adverse events were generally mild,
with gastrointestinal and flu-like symptoms being the most commonly reported.

Discussion: Bisphosphonates remain the first-line therapy for glucocorticoid-induced
osteoporosis due to their efficacy and safety profile. Teriparatide may be preferable for
high-risk patients or those with severe bone formation suppression. Denosumab is a valid
alternative, particularly for patients who are intolerant to bisphosphonates. This review
highlights the importance of individualized therapy based on fracture risk and comorbidities.

Keywords: Osteoporosis, Glucocorticoids, Fractures, Bone, Bisphosphonates, Alendronate,
Bone Density.

Glucocorticoid-induced osteoporosis

Revisién de alcance sobre la eficacia, efectividad y seguridad
de diferentes terapias farmacolbgicas para el manejo de
pacientes con osteoporosis inducida por glucocorticoides

Resumen

Introduccién: la osteoporosis inducida por glucocorticoides (OIG) es una forma comun
de osteoporosis secundaria resultante del uso crénico de corticosteroides. Afecta la
homeostasis 6sea, lo que conduce a reducciones significativas en la densidad mineral 6sea
(DMO) y a un mayor riesgo de fracturas vertebrales y no vertebrales. Debido al aumento
del nimero de pacientes que requieren tratamiento a largo plazo con glucocorticoides es
esencial una comprension integral de las intervenciones farmacoldgicas para la osteoporosis
inducida por glucocorticoides.

Objetivo: evaluar la eficacia, efectividad y seqguridad de diferentes terapias farmacolbgicas
utilizadas en el manejo de pacientes con osteoporosis inducida por glucocorticoides a través
de una revision de alcance de la literatura disponible.

Métodos: siguiendo la metodologia del Instituto Joanna Briggs (JBI), se realiz6 una revision
de alcance utilizando las principales bases de datos (PubMed, Embase, Cochrane y otras).
Se incluyeron estudios en adultos con osteoporosis inducida por glucocorticoides tratados
con terapias farmacolégicas como bisfosfonatos, denosumab, teriparatida, entre otros. Los
desenlaces se enfocaron en los cambios en la densidad mineral 6sea, la reduccién del riesgo
de fracturas y la sequridad del tratamiento. Se incluyeron un total de 40 estudios (39 sobre
eficacia, 1 sobre efectividad y 12 sobre sequridad).

Resultados: los bisfosfonatos (por ejemplo, risedronato, alendronato y zoledronato)
mejoraron significativamente la densidad mineral 6sea de la columna lumbar (hasta un +
4,8 %; con variabilidad entre estudios, incluyendo cambios medios de aproximadamente
+4,9 % £ 4,5 % en ensayos clinicos aleatorizados [ECA]) y redujeron el riesgo de fracturas
vertebrales (hasta en un 82,4 %). La teriparatida mostré una eficacia superior tanto en
el aumento de la densidad mineral 6sea (+7,8 % a +11,0 %) como en la reduccidon de la
incidencia de fracturas, especialmente en pacientes de alto riesgo. El denosumab también
mostré mejoras notables en la densidad mineral 6sea y en los marcadores de recambio 6seo.
Los eventos adversos fueron generalmente leves, siendo los sintomas gastrointestinales y
el sindrome pseudogripal los mas comunes.

Discusién:losbisfosfonatos continian siendo laterapiade primeralinea parala osteoporosis
inducida por glucocorticoides debido a su perfil de eficacia y sequridad. La teriparatida
puede ser preferible en pacientes de alto riesgo o con supresion severa de la formacion
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Destacados

* Los bisfosfonatos son el

tratamiento de primera linea
para la OIG, reduciendo el riesgo
de fracturas y mejorando la
densidad 6sea.

* La teriparatida y el denosumab

muestran una alta eficacia en el
aumento de la densidad mineral
bsea, aunque pueden tener
limitaciones de costo y acceso.

= Los eventos adversos de

las terapias para la OIG son
generalmente leves, con
sintomas gastrointestinales y
similares a la gripe como los més
habituales.

* Los datos sobre la efectividad

en la practica clinica real son
limitados, lo que resalta la
necesidad de més estudios a
largo plazo.
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en el riesgo de fractura y las comorbilidades.

alendronato, densidad 6sea.

6sea. El denosumab es una alternativa valida, especialmente para pacientes intolerantes a
los bisfosfonatos. La revision destaca la importancia de una terapia individualizada basada

Palabras clave: osteoporosis, glucocorticoides, fracturas 6seas, hueso, bisfosfonatos,

Introduction

Osteoporosis is a highly prevalent disease,
particularly in individuals over 50 vyears old,
and represents a significant global healthcare
burden. In countries such as the United Kingdom,
osteoporosis-related hip fractures have alarmingly
high mortality rates, reaching up to 30% within
the first year after the injury. Despite advances
in treatment and screening, population aging
is expected to increase the incidence of these
fractures, highlighting the urgency of implementing
effective care models and evaluating new
therapeutic strategies, particularly for preventable
forms such as glucocorticoid-induced osteoporosis.
This specific type of osteoporosis results from
prolonged glucocorticoid use, which disrupts bone
homeostasis, significantly increasing the risk of
fractures in patients of all ages, regardless of other
risk factors (1-2).

The management of glucocorticoid-induced
osteoporosis involves both timely diagnosis and
the implementation of effective pharmacological
therapies. These include bisphosphonates such as
alendronate and zoledronate, alternative therapies
such as denosumab, and advanced options such as
teriparatide for refractory cases (3). However, while
systematic reviews exist for specific treatments,
they are limited in scope, addressing only specific
research questions and failing to comprehensively
cover all aspects of the disease. Given this gap in the
literature, a scoping review can map the available
evidence, identify knowledge gaps, and provide a
broader and more comprehensive perspective on
the subject.

In this context, conducting a scoping review that
integrates evidence on the effectiveness, safety,
and adverse events associated with the available
pharmacological therapies for glucocorticoid-
induced osteoporosis is crucial. This review aims
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not only to describe the efficacy of these treatments
but also to characterize the available evidence
across different patient populations, therapies,
and underlying causes of the disease. The findings
of this review will provide a solid foundation
for improving therapeutic decision-making and
promoting the development of future research in
this field.

Methodology

This review followed the recommendations
provided in the Joanna Briggs Institute (JBI)
protocol for scoping reviews (4).

- Population: Patients over 18 years old
diagnosed with glucocorticoid-induced
osteoporosis, with or without fractures,
who received various pharmacological
therapies for osteoporosis.

- Concept: Efficacy (positive outcomes
under controlled conditions),
effectiveness (positive outcomes in real-
world conditions), and safety (adverse
event profile) of therapies, including
bisphosphonates, monoclonal antibodies
and RANK ligand inhibitors, pyridine
derivatives, estradiol derivatives and
estrogen receptor antagonists, synthetic
analogs of parathyroid hormone-related
protein, and anti-sclerostin agents.

=  Context: Patients in hospitalization,
emergency, and outpatient settings
worldwide, across diverse cultures and
genders.

Selection criteria

Studies including subjects with glucocorticoid-
induced osteoporosis (GIOP), defined as bone
loss caused by chronic glucocorticoid use, with
a daily dose of 5 mg or more of prednisone for
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at least three months, were selected. Diagnosis
was established through bone densitometry, with
a T-score < -2.5 compared to a healthy young
population (5).

Additionally, study participants must have
been treated with bisphosphonates, monoclonal
antibodies and RANK ligand inhibitors, pyridine
derivatives, estradiol derivatives and estrogen
receptor antagonists, synthetic analogs of
parathyroid hormone-related protein, and anti-
sclerostin agents.

The efficacy of pharmacological therapies—
understood as the extent to which a treatment
produces the desired effect under controlled
study conditions (i.e., clinical trials)—was assessed
based on the reduction in fracture risk (vertebral,
non-vertebral, and hip fractures), the reduction in
fracture incidence at 12 and 24 months, and the
increase in bone mineral density (BMD).

On the other hand, effectiveness, which reflects
the real-world impact of treatment in routine clinical
practice, was evaluated based on the reduction in
fracture incidence in a broader, less controlled
setting. The safety of treatments was analyzed by
considering the incidence of drug-related adverse
effects, aiming to determine the tolerability and
risks associated with treatment in patients.

A total of 38 studies evaluating efficacy, 1 study
evaluating effectiveness, and 12 studies evaluating
both efficacy and safety were identified.

Types of evidence sources

Included studies comprised randomized
controlled trials (RCTs), non-randomized controlled
trials, and systematic reviews that assessed the
effectiveness, efficacy, and safety of different
pharmacological therapies for the treatment of
osteoporosis. Additionally, observational analytical
studies, such as prospective and retrospective
cohort studies and case-control studies, were
considered to evaluate the long-term safety of
treatments for patients with glucocorticoid-induced
osteoporosis (GIOP).

Search strategy

Searches were conducted in the following
electronic databases: Medline, Embase, Clinical
Trials, Cochrane, and the Central Register of
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Controlled Trials (CENTRAL). A complementary
search was performed in Google Scholar, OpenGrey,
Scopus, and the Web of Science Core Collection.

The search terms used were osteoporosis, drug
therapy, drugs, pharmacotherapy, pharmacological
treatment, and medication. No restrictions were
applied regarding publication date or language.

After the search, all identified citations were
collected and screened using Rayyan version 2016
(Clarivate Analytics, PA, USA).

Below is the search strategy for the main
databases:

PubMed:

(("Glucocorticoid-Induced Osteoporosis"[MeSH] OR
"glucocorticoid-induced osteoporosis" OR "steroid-
induced osteoporosis") AND ("Drug Therapy'[MeSH] OR
"Pharmacological Treatment" OR "pharmacotherapy”
OR "medication") AND ("Efficacy" OR "Effectiveness"
OR "Safety"))

Embase:

(‘glucocorticoid-induced  osteoporosis/exp OR
'glucocorticoid-induced osteoporosis' OR 'steroid-
induced osteoporosis’) AND (drug therapy/exp OR
‘pharmacological treatment' OR '‘pharmacotherapy"
OR 'medication’) AND (‘efficacy' OR 'effectiveness' OR
'safety’)

Lilacs:

((tw:(glucocorticoid-induced  osteoporosis) OR
(tw:(steroid-induced osteoporosis))) AND ((tw:(drug
therapy)) OR (tw:(pharmacological treatment)) OR

(tw:(pharmacotherapy)) OR (tw:(medication))) AND
((tw:(efficacy)) OR (tw:(effectiveness)) OR (tw:(safety))).

Study selection

After retrieving the references, duplicates were
removed, and two independent reviewers (JA, GT)
screened the titles and abstracts using the Rayyan
software. Full-text articles selected for review were
analyzed by two independent reviewers (JA, GT) to
assess compliance with their eligibility according to
the inclusion criteria. Any disagreements between
the reviewers were resolved through discussion or
with the involvement of an additional reviewer (JA).

Data extraction

Data from eligible studies were recorded in an
Excel spreadsheet. The extracted characteristics
included publication details, authors, year of
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Gl Tirado Romero et al.

publication, study location, study type, funding
source, a general description of the methods,
outcome measures, and results.

Once the data from eligible articles were
obtained and organized, the results were discussed
with the review supervisor. Any disagreements were
resolved accordingly by reviewing the objectives
of the study and with the assistance of a third
reviewer.

Ethical considerations

The authors declare that, because this work
involved only a review of existing literature, it did not
entail any procedures involving human participants
or animals. Therefore, neither institutional ethics
committee approval nor informed consent was
required for this manuscript. All studies included
in this scoping review had already obtained the
necessary ethical clearances and informed consent
in their original publications, in accordance with
applicable guidelines and regulations.

Results

The initial search across various databases
and registries identified 4.590 studies. During
the screening stage, 1.614 studies were removed
as duplicates, leaving 2.976 studies. These were
further assessed based on their title and abstract,
resulting in the exclusion of 2.719 studies. Thus,
257 studies remained for full-text evaluation.
Of these, 217 studies were excluded for the
following reasons: 11 due to duplication, 15 for
being case series, 11 for being narrative reviews,
83 for addressing primary osteoporosis, and 97 for
addressing secondary osteoporosis caused by other
conditions. Ultimately, 40 studies were included:
39 assessed efficacy, of which 12 also evaluated
safety, and 1 focused on real-world effectiveness.
For better clarity, the results of the search and
selection process are presented in a PRISMA flow
diagram (figure 1).

The data were then classified based on three
key criteria: efficacy, effectiveness, and safety of
treatments for glucocorticoid-induced osteoporosis
(GIOP).
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Of the 39 studies that assessed the efficacy
of pharmacological therapies for glucocorticoid-
induced osteoporosis, most were randomized
controlled trials (RCTs) conducted under optimal
conditions, controlling for external variables and
using comparators such as placebo or standard
treatment. Bisphosphonate therapy was found to
be highly effective in this context. Reid et al. (6)
reported that risedronate significantly increased
bone mineral density (BMD) and reduced the
incidence of vertebral fractures. However,
Hoes et al. (7) found no significant differences
between alendronate and alfacalcidol in fracture
reduction, although 24% of patients developed new
vertebral fractures.

On the other hand, Eastell et a/. demonstrated
that teriparatide was more effective than
alendronate in promoting bone formation in these
patients (8), a finding also supported by Payer et
al. (9), who reported significant increases in BMD
with teriparatide.

Similarly, Struys et al. (10) and Ringe et al.
(11) confirmed that etidronate and ibandronate,
respectively, increased BMD compared to other
treatments. In addition, Devogelaer et al. (12)
reported that zoledronate led to greater reductions
in bone turnover markers compared to risedronate,
while Kasayama et al (13) demonstrated that
alendronate significantly improved BMD in
asthmatic patients compared to alfacalcidol. In a
combination therapy approach, Lems et al. (14)
found that the co-administration of etidronate
and sodium fluoride improved bone mineral density
(BMD). Similarly, Fuji et al. (15) and Kikuchi et al.
documented that risedronate and the combination
of bisphosphonates with vitamin D3, respectively,
increased BMD in patients with chronic kidney
disease and glomerular diseases (16). Likewise,
Lane et al (17) and Farahmand et al. (18) reported
that parathyroid hormone (PTH 1-34) improved
BMD and vertebral strength, respectively, in
patients receiving glucocorticoid treatment.

Additionally, Thomas et al (19) observed
significant reductions in vertebral and non-vertebral
fractures with alendronate and risedronate, a
finding supported by Li et al. (20), who reported
improvements in BMD with ibandronate in women
with systemic lupus erythematosus.

http://revistaendocrino.org/index.php/rcedm
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4,590 articles were retrieved from searches of electronic databases. Electronic
databases: MEDLINE (Ovid) (n = 1,623), LILACS (n = 115), Cochrane (n = 112),
Embase (n = 1,908), Google Scholar (n = 832).
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Screening

Records screened by title
and abstrac (n = 2976)

Records screened
(n = 257)

Reports assessed for
eligibility (n = 257)

Studies included in the
review (n = 40).
Efficacy and Safety studies
(n = 12). Effectiveness
studies (n = 1). Efficacy
studies (n = 39)

Studies excluded as
duplicates (n = 1614)

Studies excluded by title
and abstract (n =2719)

Studies excluded after full-
text assessment (n = 215):
Duplicates (11 studies), excluded
for being SC* (15 studies), RN*
(11 studies), studies on OP*
(83 studies), OS* due to other
pathologies (97 studies).

Figure 1. PRISMA flow diagram of selected studies

SC: Case Series; RN: Narrative Reviews; OP: Primary Osteoporosis; OS: Secondary Osteoporosis.

Source: Own elaboration.
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Stoch et al. (21) and Buxton et al. reinforced
these findings, demonstrating that alendronate
increased BMD and that PTH therapy enhanced
bone formation (22). However, Nordborg et
al. found no significant differences between
clodronate and calcium in BMD among patients with
giant cell arteritis (23). In contrast, Losada et al.
demonstrated that teriparatide was more effective
than alendronate in increasing BMD in Hispanic
patients with glucocorticoid-induced osteoporosis
(24).

Switching from bisphosphonates to denosumab
or teriparatide was beneficial for improving BMD,
according to Ebina et a/ (25). Meanwhile, Braith
et al. demonstrated that the combination of
alendronate and exercise restored BMD in post-
transplant patients (26).

Sambrook et al. also indicated that alendronate
was superior to calcitriol and vitamin D in preventing
bone loss (27). Additionally, Saag et a/. (2007) and
Saag et al. (2019) confirmed that teriparatide and
denosumab, respectively, were more effective than
alendronate and risedronate in increasing BMD and
reducing vertebral fractures (28-29).

In 2009, Saag et al. found that zoledronic acid
was more effective than risedronate in preventing
bone loss, while in 2016, they showed that
teriparatide improved trabecular bone scores more
than alendronate (30-31).

Finally, Roux et al, Rehman et a/, Devogelaer
et al., and Liu et al. concluded that zoledronate,
parathyroid hormone, and teriparatide, respectively,
were effective in improving BMD and reducing
fracture risk in patients with glucocorticoid-induced
osteoporosis (GIOP) (32—35). Hirooka et al. found
that switching to teriparatide significantly increased
BMD in the lumbar spine and femoral neck at 12
months (36-37).

On the other hand, Inoue et a/. demonstrated
that multidetector computed tomography (MDCT)
enabled more precise detection of bisphosphonate
efficacy in glucocorticoid-induced osteoporosis.
This method showed significant improvements
in bone volume fraction (BV/TV, p = 0.004) and
trabecular separation (Tb.Sp, p = 0.015). In
contrast, conventional methods such as DEXA and
bone turnover markers failed to identify significant
differences between treatments (p > 0.05),
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highlighting the advantage of MDCT in assessing
bone microarchitecture (38).

Similarly, Soen et al. compared the efficacy
of minodronate combined with alfacalcidol
versus alfacalcidol alone for the treatment of
glucocorticoid-induced osteoporosis. In this
randomized study, after 24 months, patients
who received the combination therapy showed a
significant increase in lumbar spine BMD (4.0% vs.
-0.2% in the alfacalcidol-only group, p = 0.0003)
and total hip BMD (3.2% vs. -3.0%, p < 0.0001).
Additionally, a significant reduction in bone turnover
markers was observed in the combination group,
with a 57% decrease in TRACP-5b at 3 months,
which remained stable up to 24 months (39).

Similarly, lIseri et al (40) conducted a
randomized trial showing that, after 12 months,
denosumab treatment significantly increased lumbar
spine BMD by 5.3%, compared to a 2.0% increase
in the alendronate group (p < 0.05). Moreover,
denosumab reduced bone turnover markers more
effectively than alendronate. While both treatments
were effective in reducing these markers,
denosumab resulted in greater suppression (40).

Similarly, Jinnouchi et a/. evaluated a one-year
of treatment regimen with etidronate and vitamin
D3 in 25 patients. The results showed that the
combination group had a significant improvement in
bone mineral levels (YAM, p < 0.05) and a reduction
in bone resorption compared to the group treated
with vitamin D3 alone. Additionally, the combination
group had a lower incidence of new vertebral
compression fractures, suggesting that etidronate
is effective in preventing bone loss and fractures
in these patients (41).

Kanis et al. evaluated clinical studies and cost
analyses for the treatment of glucocorticoid-
induced osteoporosis, focusing primarily on the
prevention of vertebral and non-vertebral fractures.
This analysis highlighted that both risedronate and
calcidiol showed significant efficacy in reducing
vertebral fractures. Additionally, risedronate was
assessed in terms of cost-effectiveness in patients
with risk factors, such as advanced age and a history
of fractures. The study also proposed a treatment
algorithm based on bone mineral density (BMD)
and individual risk factors (42).

http://revistaendocrino.org/index.php/rcedm
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Finally, Langdahl et a/. analyzed the efficacy of
teriparatide versus alendronate in treating GIOP
in patients of different genders and menopausal
statuses. After 18 months, the results showed that
teriparatide significantly increased lumbar spine
BMD compared to alendronate in postmenopausal
women (7.8% vs. 3.7%, p < 0.001), premenopausal
women (7.0% vs. 0.7%, p < 0.001), and men
(7.3% vs. 3.7%, p = 0.03). Additionally, a lower

Glucocorticoid-induced osteoporosis

incidence of vertebral fractures was observed in
the teriparatide group (1 case) compared to the
alendronate group (10 cases), further emphasizing
the superior efficacy of teriparatide in increasing
BMD and reducing fractures in patients with
glucocorticoid-induced osteoporosis (43).

Table 1 summarizes the articles related to the
efficacy of therapies for glucocorticoid-induced
osteoporosis.

Table 1. Characteristics of the included studies on the efficacy of treatments
for glucocorticoid-induced osteoporosis

Author, .
. Intervention . Comparator
year, and Population and Intervention .
(name), n, and (name), n, and Main outcome
study age outcome
. dose dose
design
RR*: Vertebral
fractures: 82.4%
lower risk with RIS*
(95% Cl: 36.6% -
95.1%, p = 0.008).
MD*

i i *
Reid et al. . RIS*n=124 | Increase in BMD* Increase in BMD
(2001). Men, outpatient o with RIS* 5 mg:

. . Tab 2.5 mg (n by 4.8% in the _ — .
Randomized | setting, aged 18 | _ - . Placebo n = 60 | Lumbar spine: +4.8%
. . =61), Tab5 lumbar spine with ) 5
clinical trial to 85 years. i (7 = 65 5 mq of RIS* Femoral neck: +2.1%
(6) gin= ’ 9 ' Trochanteric region:
+2.6%. BMD* loss in
the placebo group:
Lumbar spine: -3.4%
Femoral neck: -3.3%
Trochanteric region:
-3.4%
OR*: Vertebral
fractures: 1.00016
(95% Cl: 1.00003
-1.00029; p<
ALN*n =116 0.05) per mg of
Tab 10 mg cumulative GC*
Patients with an | orally daily or dose. Age: 1.14 (95%
Hoes et inflammatory ALF* cap 1 ug | 24% of patients Cl*:1.05-1.23;p
al. (2010). rheumatic orally daily. developed at least N/A < 0.05) per year of
Cohort study | disease. Patients were | one new vertebral age increase. MD*:
(7) Outpatient not categorized | fracture. Lumbar spine: +0.4%
setting. by intervention * 5.9% Femoral neck:
type in the ~0.18% £ 5.4% Total
summary. hip: +0.07% + 4.8%
RR*: 24% of patients
developed at least
one new vertebral
fracture.
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Eastell et

OR*: Vertebral
fractures with
TPTD* vs. ALN*:

* - *-
al. (2010). 2"2”1‘ azgr‘:’me” ;';TDZ(')” /dga7 Increase of 92%in | ALN* n = 100 i?{ZBZM E"Eat' '1”2”6356
Randomized |- <7 Y& PV HIICAY | oc* and 108%in | Tab 10 mg/day .
clinical trial Outpatient subcutaneous PINP* orally months: Lumbar
@8) setting. administration. ' spine: TPTD*: Up to
11%. ALN*: Up to 3%
RR: TPTD*: 0.22 for
vertebral fractures.
Significant * *.
Burshell et Men and TPTD* n = 80 increase in lumbar ?ﬁ]e'TII:\IrDea.sle_Lierbar
al. (2010). women aged Amp 20 _/da spine BMD* (mean | ALN* n =77 BPMD;"' <0.001
Randomized | 22 to 89 years. P ¥ HIIA3Y |+ SE) of +7.2% Tab 10 mg/day P o
o ! ; subcutaneous Femoral neck:
clinical trial Outpatient administration and femoral neck | orally. Increase in BMD*:
(8) setting. " | BMD* of +3.8% at P
<0.01
18 months.
Increase in BMD*
TPTD*, n = in lumbar spine (n
Amp 20 ugiday | 12 manthe (p < MD*: Increases
Men, mean age: p <Y Hgiday P . in BMD* after 18
subcutaneous 0.001) and +9.28%
Payer et al. 57.3+121 L - months of treatment
administration | at 18 months (p < . .
(2018). Non- | years. Women, * ) with TPTD: Lumbar
. . n Ca 0.001). Increase in S 3
randomized age: 59.7 % . o - N/A spine: +9.28% (p <
- - supplements: BMD* in total hip L
clinical trial 14.8 years. _ ) 0 0.001). Total hip:
. 500-1000 mg/ | (n = 116): +3.85% A
(9) Outpatient +3.85% (p < 0.001).
- day orally at 18 months (p < Femoral neck:
g V.D3*: 400- 0.001). Increase in +3.26% (p < O 001)
800 |U/day BMD* in femoral R
orally. neck: +3.26% (p <
0.001).
MD*: Increases
in BMD* after 12
months of treatment:
Japanese Lumbar spine: ALN*:
poF;tmeno— +4.9% (p = 0.0005).
*- %
pausal women Increase in BMD*: ?iLEif-i;if/ (_not
Kasayama et | diagnosed Lumbar spine: 09255) Toltgl;mi i
al. (2005). with bronchial ALN*n =18 +4.9% £ 4.5%. ALF*n =10 A-LEN*-' +2.4% P:
Randomized | asthma, with Tab 5 mg/day | Total hip: +2.4% Tab 1 pg/day (=0 (')00'5) 0
clinical trial no recent use orally. t 2.2%. Ward's orally. APLI_:*'-+O 17-(not
(13) of systemic triangle: +3.6% * il oW
corticosteroids. 5.2% at 12 months. 9 i
Outpatient 0.949). Ward's
setting triangle: ALN*:

+3.6% (p = 0.02).
ALF*: +2.0% (not
significant, p =
0.484).
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BSAP* reduction:
4-14%.

ETD*n = 19 o -
Struys et Tab400mg/ | ncreaseof 5.7%in Significant BMD*
lumbar spine (L1-
al. (1995). Men and women. | day for 14 L4) BMD* Ca* loss: 3.4% in the
Randomized | Outpatient days, followed Increase o.f 6.8% supplemen- lumbar spine and
clinical trial setting. by Ca* 500 in proximal fe'ml:r tation n = 20 4.1% in the proximal
(10) mg/day for 76 . * femur.
days (4 cycles). (total hip) BMD*.
MD#*: Increase in
BMD* after 12
Increase of 13.3% months. Lumbar
in lumbar spine spine: ETD*:
BMD*. +5.7% (p < 0.02 vs.
. 62.3% reduction baseline, p <0.001
Ringe et Men and women, | IBN* n =58 in the risk of new vs. Ca* grPoup)
al. (2003). mean age: 64 Ampoule 2 mg, vertebral fractures ALF* n =57. Ce;*' ~3.4% ( <
Randomized | years. intravenous L Tab 1 mcg S
o . . S (8.6% incidence). - 0.02 vs. baseline).
clinical trial Outpatient injections every Increase of 5.2% orally daily. Proximal fermur
) setting. 2 i, in femoral neck (total hip): ETD*:
BMD*. Reduction +6.8% (p < 0.02 vs.
in lumbar pain in baseline, p < 0.001
86.2% of patients. vs. Ca* group). Ca*:
-4.1% (p < 0.02 vs.
baseline).
MD*: Reduction
in bone turnover
L markers after 12
Reduction in } .
b-CTx*: 62% months: b—CTx*:
Devogelaer ZOL*5mg IV . " ! . ZOL*: 40-62% (p <
59%, 65% Risedronate 5
et al. (2013). | Men and women | annually. : — . 0.05). RIS*: 30-
Y NTx* reduction: mg orally daily
Randomized aged 18 to 85 Treatment 20-33% PlNP"; 417 patients 46%. NTx*: ZOL*:
clinical trial years. subpopulation: reductioon' 9-33% receised RIS* Reduction of 20-
(12) n=272. ' ’ 30%. Bone formation

markers: PINP*:
ZOL*: 22% (p <
0.05). BSAP*: ZOL*:
14-20% (p < 0.05).

Kasayama et
al. (2005).
Randomized
clinical trial
(13)

Japanese
postmenopausal
women
diagnosed

with bronchial
asthma, with

no recent use
of systemic
corticosteroids,
among others.

Alendronate:
n =16, 5mg/
day.

Oral ALN* 5 mg/d
for 12 months
significantly
increased BMD*:
lumbar spine
+4.9% (p = .0005),
total hip +2.4% (p
=.0005), Ward's
triangle +3.6% (p
=.02).

ALF*n=9,1
pg/day.

MD*: Increase in
BMD* with ALN* 5
mg: Lumbar spine:
+4.9%, Total hip:
+2.4%, Ward's
triangle: +3.6%.
Change with ALF*
1 pg: Lumbar spine:
+1.7%, Total hip:
+0.1%, Ward's
triangle: +2.0%.
Markers: Greater
reduction in bone
turnover markers
(NTx, OC*, AF¥*)
with Alendronate.
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MD*: Lumbar spine
BMD* 1 +9.3% (95%
Placebo Cl: +2.3% to +16.2%,
NaF* + cyclical | Lumbar spine + cvelical p <0.01) vs. +0.3%
Lems et ETD*,n =23, |BMD*1+9.3% ET%* =24 (95% Cl*:—2.2% to
al. (1997). Patients on NaF 25 mg BID | (95% CI*: +2.3% to Iacet')o BID*’ +2.8%) with placebo.
Randomized | corticosteroids + ETD* 200 +16.2%, p < 0.01); 5_ ETD* 200 A between groups:
clinical trial >7.5 mg/day. mg BID* for 2 | Hip BMD*: no ma BID* for 2 +8.9% (95% Cl:
(14) weeks every 3 | significant change wgeks overy 3 +1.9% to +16.0%, p
months. (~2.5%, NS). SR, Y <0.01). Hip BMD*
’ 1 —2.5% (NS*) vs.
-4.0% (p <0.01), A =
+1.5% (NS*).
_ Lumbar spine
. Rl.s*' 1= S0 BMD* 1 2.8% (with Lumbar spine BMD*
Fuji et al. (with aVD*), aVD*) and 1 2.1% 1 1.2% (NS¥)
(2007). CKD* patients 2.5 mg/d PO* . o aVD* only, n = N
Randomized with GIOP* RIS*, n = (idneni et el 37, mean dose SENIAS UISENIEE),
. . ’ . 12 mo . ALP* 1 26.9%
algl)cal trial age: 4251 16.6 E\B/D(\iv)ltgo;t S-NTX* | ~20%, 0.36 mg/d RIS improved BMD*
e PO* ALP* | "11% at 6 vs aVD* (p < 0.05)
mo*
Lumbar BMD
changes:
R: stable
R+A: Significant
Group R: |n.cre.as.e.
Risedronate, R: No significant ﬁg?g:;:ig%m
Kikuchi et al. | Patients with n=12, 2.5 mg/ | changein BMD* Group A: Urinar NTx":'
(2007). glomerular day R+A: BMD* 1 Alf pl d | d Y di R d
. . acalcido ecreased in R an
Randomized diseases; mean Group R+A: +2.0% overall, onlv. n=15. 0.5 | R+A unchanaed in A
clinical trial age 42 + 16 Risedronate + | +2.1% in patients m )I(’ja s Boné formati?)n
(16) years. Alfacalcidol, receiving steroid grday- markers (OC¥
n=11, 2.5+ pulses. ALP*): d ! di
0.5 mg/day. : decreased in
all groups
Baseline urinary
NTx* was higher in
patients with BMD*
loss.
t Spine BMD*: Early Tin bone
Lane et al. Postmenopausal +35% (QCT*), Control group: fg;n;ituz)ncn:arkers
(2000). women; age +11% (DXA¥*) n=21; no PTH*; ( di ’ q )
Randomized, |50-82yrs, with | PTH (1-34)*: |at 12 mo (p < C‘I’”t'"“ed_ H!"(’jT*' Férlle'Sfe .SP'”I\Q,I ’
controlled, GIOP* on >1 n=28, 400 IU/ | 0.001); sustained gal;:izf:r(tl'g%os’ res ongjl(nls—.6 ne;:))er
parallel- year of HRT and | day SC* 1 at 24 mo. 1 bone mg/day) + corFr)eIated with
group trial prednisone 5—20 markers (BSAP*, | yitamin D (800 12-24 mo BMD* 1
(17) mg/day. (D)gl’;); delayed 1 in | ju/day) ROC* AUCH 0.79
' for QCT* prediction.
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1 P1INP* and
CTx*; 1 vertebral
strength in all

TPTD* 1 vertebral
strength vs. RIS*
at 18 moin all
FEA* modes (e.g.,
axial compression:
7.08 £ 3.48 vs.
5.95 2.2 kN, p

Farahmand . ) - ) e
et al. (2013). Ar_nbulator?/ men Teriparatide, n oEdlig mo_d_es, Risedronate, - 0'9.15)’ PIN'.D 1
with GIO*; mean | _ strong positive _ significantly with
Controlled 56.3 =45, 20 pg/ fati n=47, 35 mq/ TPTD* 0.001):
clinical trial age 0b. 3 yrs day SC* correlation week orally (DS QHOlOR);
(18) (range 25-82). between 1 P1INP* ’ early PINP* changes
and vertebral correlated with
strength at 18 strength gains (e.g.,
months. r=0.560 at 6 mo),
supporting PINP* as
a surrogate marker
of bone strength in
GIOP*.
ALN: | non-
vertebral fracture Both ALN and RIS
rate by 33% (from significantly reduced
Z?‘Z;;ls;;t Alendronate | 5:22 10 3.51/100 clinical vertebral
O.bservati(.mal Women N =6.359 7'0 PY), | vertebral and non-vertebral
el >65 vrs on m_/vv.eek ’ fracture rate by fracture incidence
. =p2yrson 9 59% (p < 0.05) N/A* over 12 mo vs.
study using glucocorticoids Risedronate, 0% | e baseline 3-mo rate
administrative | (GC). n=4,648, 35 ’ . .
claims data ma/week vertebral fracture in women with GIO.
(19) 9 ’ by 28% (from 5.51 Study not designed
to 3.95/100 PY), | for head-to-head
vertebral fracture comparison.
by 54% (p < 0.05).
" .
1 Cortical bone VAN § @oritige]
density (Dcomp) DT
Li et al. Chinese women | Ibandronate, n (p = 0.023): Placebo, preserved
(2010). RCT, | with SLE* on = 20, 150 mg/ a%;/ID.* Ium'bTar n=20, monthly | microarchitecture
double-blind, | long-term month + daily spine (+4.9% placebo + daily | (HR-pQCT*);
placebo- glucocorticoids; | Alfacalcidol 1 <p0 0001)' ar:ldp alfacalcidol 1 1 aBMD* LS vs
controlled mean age 44 + pg + calcium hi '(+1 0% b < pg + calcium placebo (4.9% vs
(20) 8.7 yrs. 500 mg/day. AT % P 500 mg/day. | 2.6%, p = 0.024);
0.005); stable % .
microarchitecture A AL
' placebo (p = 0.04).
ALN 1 BMD vs.
Stoch et Patients (ALN*: 1t BMD* lumbar placebo at 12 mo
2/, (2009) n=114, Alendronate spine: +2.45% in LS (+2.92%, p <
R.CT* ’ placebo: n = (ALN), n = (p<0.001); Placebo, n = 0.001), trochanter
doublle—blind 59); mean age 114, 70 mg/ trochanter:+1.27% | 59, + same (+1.66%, p = 0.007),
lacebo- * | "52-55 yrs; week + calcium | (p = 0.007); total | calcium and and total hip (+1.19%,
Eontrolled men and women | 1000 mg/day + | hip: +0.75% (p = vitamin D p = 0.008); | BSAP
multicente'r on >7.5 mg/d vitamin D 400 | 0.008); | NTX/ regimen. (-14.5%, p<0.001);
(21) ’ prednisone for IU/day. Cr*: —32.2% (p < ALN well tolerated,
>12 months. 0.001). no sig. difference in

AE vs placebo.
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PTH (1-34)*

SRANKL* rapidly 1 bone
PTH*(1-34), ! 9 formation markers
 Hal (+250% at 3 mo,
n = 28; 400 b <0.05), 1 IL-6 (OC*, BSAP*) and
Buxton et U/day (" 40 it osteoblast-derived
a1, (2004). Postmeno_pausal e (+130% at 3 mo, p HRT alone, n = | cytokines (sSRANKL¥,
women with 9 <0.05), 1 IL-6sR Y
RCT, parallel- GIOP*: aqe 12 months ( e;ak alt 1 mo* 23; calcium + IL-6%, IL-6sR*),
group, open- 50_82' rg + HRT* + p< 0.05) OP’G vitamin D. preceding DPD* 1;
label (22) yrs. calcium (1500 P oo l ) supports uncoupling
. . (—4SA at 12 mO), f remodeling in
mg) + vitamin " of remodeling
D (800 IU). 1 O(OZ & BSAP* > favor of formation
100% during early GIOP*
treatment.
Clodronate, et Cveli |
n=14: 800 o significant yclic ora
Nealbong| e . . mg PO* daily effect on BMD or clodronate did not
al. (1997). Patients with ; o . .
. cyclicall BMC at any time Placebo, n prevent GC-induced
RCT* GCA on GC¥*; 21 | cyelieally ;
doublle—blind women / 6 m’en' every second point; | OCat 12 =13; same bone loss better than
lacebo— ’ mean age 70.2 * | month (months | mo vs. control calcium calcium alone; BMD
Eontrolled re E : 1,3,5,7,9,11) (5.81+£2.21 vs. regimen. and BMC recovered
= WS + calcium 6.69 * 2.60 ng/ similarly in both
300_750 mg/ | mL, p<0.05). groups.
ay.
* *
Losada et al. . ] I 5 E:rMD TPTD* showed
(2009). RCT. Patients: Mean TPTD* n = +9.8% £1.7 vs 5|gn|f|cant|y greater
0 . = 0 * % + * = 0 :
coulsle=blim, | C28 53 yrs; 214 20 ug/day ALN +4.2( 1.4; ALN ,r:j 214; | 1in Lf* and T,:*
double— men and women | ¢ " = (p<0.001); 1 TH 10 mg/day PO | BMD* vs ALN* at 18
q ti >21 yrs with 1000 ma/d + BMD* +5.9% vs + calcium 1000 | mo in both Hispanic
ummy. aCtVe | c10 on>5mgid | oo +1.3% (p < 0.001); | mg/d + vitamin | and non-Hispanic
comparator- 9 vitamin D 800 P g
trolled prednisone for 1U/d 1 FN* BMD* D 800 IU/d. cohorts; fracture
controfie >3 months. : +4.3% vs +2.0% (p incidence and AEs
(24) = 0.228). were similar.
ALN*+TRN*: ALN*+TRN* more
_ g *
Braith et ZI_ Eij . Eel\:rD_b;zZt“c:]rjgtto effective than ALN
al. (2003). endronate . ALN*:n = §; alone in reversing
RCTH*, :i?ritetr:::Sa[)l:a;: }—O mgld?y d fom;y.ft;);acl)rl;)dy Alendronate 10 | GC-induced BMD*
prospective, p. ’ . SUpervise o mg/day only. loss in HTR*;
GC*; mean age: | resistance neck —2.1%, lumbar A .
3-arm, 54-56 vre training for 6 spine —3.4%: Control: n =9; | combined therapy
controlled yrs. * crarti pine =2.%%, no intervention. | restored BMD*
(26) oo *S o significant f vs nearly to baseline at
2 mo* post- ALN* or control. Y .
transplant. all skeletal sites.
At 12 mo*, 1 LS* "
Sambrook et BMD*: +2.46% ZOL* produced
_ . greater 7 in LS* and
al. (2012). ZOL*, n = (prevention), TH* BMD* vs. RIS*
RCT™, Men (mean Ll g 1Y S RIS*, n=134; |inboth reven.tion
double-blind, 2o 534 i) once + daily (treatment); 1 TH* s ’PO_* . o treaptment N
double- rgceivir'] Y calcium (1000 | BMD*: +1.10% da”9+ same | (o.q. LS: +4.60%
SN Iucoco?ticoids G5 <= V0T 2I0e PO su yIements vs.gw:3 2.77 b
active- S " | D(400-1200 |B-CTx* & PLNP* PP " | 00232) °}epat‘er
controlled IU). > RIS* at all . -9
. . | in bone turnover
(27) timepoints (p < markers
0.05-0.001). ’
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1 LS* BMD* .
Saag etal | pquits (345 +7.2% 20.7 vs i e
(ALY REI, women, 83 TPTD*, n = LN T B0 ALN*, n=214; |vs ALN*and | new
double-blind, y 214; 20 pg/day | (p <0.001); t TH* ok N

_ men), aged « . - o7 10 mg/day PO* | vertebral fractures
double 22-89 yrs, with | SC. *calcum | BMD* 43.8% 20.6 | ", ne calcium | (0.6% vs 6.1%
dummy, GIOP (Zn l>5 1000 mg/day + | vs ALN* +2.4% andvitamin D | = O (;04)' ;,irr:}IaPr
active- " vitamin D 800 | #0.6 (p = 0.005); . - .

mg/d prednisone . regimen. nonvertebral fx rate
controlled IU/day. 1 bone formation o o
>3 mo). (5.6% vs 3.7%, p =

(28) markers, | new 0.36)

vertebral fx (0.6%). D

At 12 mo*, 1 LS * _
Saag et al. DMAb*, BMD*: +4.4% E:ﬁgr ;’:’;SSTZHOF
(2019). RCT, n=398; 60 (GC*-continuing), | RIS*, n = to RIS* in 1 LSE"
double-blind, PG, mg SC* every | +3.8% (GC*- 397; 5 mg/ TH* and EN BMD*
double- GIO- age 6 mo + daily initiating); TH*: day PO + SC at 1'2 i (e, LS
dummy, ~61'—6g7 s oral placebo + | +1.5%; FN*: +1.0% | placebo every diff. +2.2% [9957 Cl*
active- yrs. calcium 21000 | and +1.1%; | CTX* | 6 mo + same 1 4'_3 O.])'osimilaor
controlled mg + vitamin D | & PINP* > RIS* supplements. fr.actu.re a’nd AE*
(29) 2L fp < QL0DL= rates in both arms

0.046). ’

At 36 mo*: 1 LS TPTD* led to

BMD* +11.0%, 1 significantly greater
Saag et al. * . . ; o e
BOTRCT | \pysges | Tz | OO sy
double-blind, 9ed | 214;20 ug/day | L FN ALN*, n=214; :

_ 22—-89 yrs, with . +6.3%; 1 bone fewer vertebral fx vs
o GIOP*; all on 25 SIS G formation markers 10 mg/day ALN* over 36 mo*;
dummy, ‘. | 1000 mg/day + * % PO + same ’
— mg/d prednisone vitamin D 800 (PLINP*, OC*, supplements nonvertebral fx rates
controlled for >3 mo* 1U/da ALP*) throughout; ’ similar (7.5% vs 7.0%,
(30) & | new vertebral fx p = 0.843); TPTD* ¢

(1.7% vs 7.7%, p = serum calcium more
0.007). frequently.
Saaq et al 1 LS* BMD* TPTD* 1 both
(2026) ' +10.3% and 1 BMD* and TBS¥,
Subanallysis Patients TPTD* n = TBS* +3.7% at 36 while ALN* 1 only
H *- T * . *- *
of RCT*, with GIOP*; 56:1 20 g/day mo (E< 0.05); ALN*, n = 53 BMD*; TB.S. was

i mean age 58 o . 1 TBS* from 18 more sensitive to
double-blind, ) ) SC* + calcium * 10 mg/day )

_ yrs; median mo* onward (p < anabolic treatment
double . 1000 mg/day + h PO + same
dummy, prednisone dose Vitamin D 800 0.05vs b*aselme supplements. effects and may
active— Z.S rong/day, U/day. and ALN*); ' bgtter refl'ect
controlled 81% female. weak correlation microarchitectural
(31) between BMD* improvements in

and TBS* changes. GIOP*.
Roux et al. At 12 mo*, ZOL* ZOL* was more

. * * i *

(2012) Post . . ZOL*, n = 416; TLS BMD .effectl\;e than*RIS
[~ Patle;nts with 5 mg IV single S|gnif!cantly Vs . in 1 LS BI\/!D
of RCT*, GlO*; agefi Tt -+ asily RIS* in most RIS " n= acrois multiple
double-blind 18-85 yrs; on S0 ol - subgroups (age 417;5 mg/ GIO* subgroups
double- " | 27.5 mg/day calcium (1000 35-74, both sexes, | day PO* + |V (gender, age, Vit
dumm prednisone; ) - Wit postmenopausal placebo + same | D, steroid dose/
active—y’ stratified in D%400—1200 women, Vit D >20 | supplements. duration, renal fxn);
controlled treatment. U) ng/mL, CrCl 260 effect maintained
(32) ’ mL/min, PPI* use ; regardless of

p < 0.05). baseline BMD*.
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Devogelaer o * A *
etal (2010). | Adults with LS* BMD* f: TETEr Jedl i
Post—hoc GIO*: mean +8.1% (low), significantly greater
analvsic aqe ~'56 s TPTD*, n = +6.6% (medium), LS* BMD* gains
Y ge b s 195; 20 pg/day | +4.6% (high GC* | ALN*, n = 192; | than ALN overall
of RCT*, baseline GC* . . .
doubleblind. | cateqorized as SC + calcium dose); greater 1 10 mg/day (+3.6%, p < 0.001),
double— ’ low ?<5 el 1000 mg/day + | than ALN* at all PO* + same especially in low
durmm medium (>95_<'15 vitamin D 800 | dose categories; supplements. and medium GC*
nmy. - U/day. greatest difference dose groups; effect
active— mg/d), or high ; N .
lled 51 d in low GC* group diminished at high
controlle (05 gl (4.5%, p < 0.001). GC* doses.
(34) '
Multiple Placebo
drugs studied: | TPTD* (SUCRA* | and active TPTD* and IBA*
teriparatide, 95.9%) best at | comparators most effective in
Liu et al Patients with denosumab, vertebral fractures | depending on reducing vertebral
(2020) ’ GIOP* from raloxifene, (RR* 0.06, 95% trial (ALN*, and non-vertebral
NMA* ;)f 57 | o1 RCTs* age ibandronate, Cl*:0.01-0.27); RIS*, CT*, fractures,
RCTs* (35) range varies pamidronate, RAL* 1 LS* BMD* | Ca*, VD3*, respectively; RAL*
across trials. etc.; doses (SMD* 12.56); etc.); variable best for LS* BMD*
per standard DEN* 1 TH BMD n/doses across | gain, DEN* for TH*
RCT protocols | (SMD* 12.63). included BMD*.
(varies by trial). studies.
1 VCSA* +4.8% at vk
Rehman et hPTH (1-34)*, | 12 mo (p <0.001), :ipﬁgignjﬁ
al. (2003). Postmenopausal | n = 28; 40 ug/ | maintained at HRT* alone, n vegrtebral sizeTand
RCT*, women with day SC for +2.6% at 24 mo (p | = 23; continued compressive strenath
prospective, GlO* on chronic | 12 months <0.05); 1 BMD* estrogen + ve I—IIDRT* alone: 9
randomized, HRT* and GC*; | + HRT* + by QCT* +34.9% same calcium/ ef%ect sustaineél 1
controlled, mean age: 62 calcium 1500 | at 12 mo, +44.1% | vitamin D ear post—treatment
open-label yrs. mg + vitamin D | at 24 mo*; 1 regimen. y=ar p ’
likely due to
(33) 800 IU. vertebral strength eriosteal apposition
+200% P PP '
MDCT* detected
Japanese 1 BV/TV* (+1.5%, Only MDCT*
Inoue et al. . . % oA p = 0.004), | detected
(2013). RCT, patients with IgA | RIS*, n = 4; Tb.Sp* (-13.1%, Calcitriol, n = microarchitectural
nephropathy on | 2.5 mg/day _ ’ . .
open-label, high—dose GC- PO* (some p =0.015), | 5, 0.5 pg/day; preservation with
parallel- 9 ! SMI* (-0.13, p = Menatetrenone, | RIS*; MDCT*
10 men; mean changed to _ — .
group, . 0.009), 1 fracture | n =4, 45 mg/ superior in assessing
. age 28.6 yrs; ALN* 35 mg/ o - _ d
prospective load (+6.5%, p = ay. short-term
normal renal week). . . .
(38) function 0.034); no sig. bisphosphonate
) changes in BMD* effect in early GIO*.
or BTMs*.
—M* *
e Patients with BMD* +4.0% (p alopne in 1 LS* and
(2020). RCT, | J2Hents Wit MIN-M* + = 0.0003), 1 TH* b BMTD* >
multicenter, aqe ~'64 e ALF*,n =75; BMD* +3.2% bone turnover
open-label, 9 Y* | MIN-M*50 | (p<0.0001); ALF*, n=77:1" )
(range 34-85); o markers; vertebral
parallel- mg PO every 4 | | TRACP-5b pg/day. L
all on 25 mg/d . fx incidence not
group, ; weeks + ALF* | (-57%) and P1NP* L :
. prednisone for . . significantly different
comparative 1 pg/day. (—42%) at 3 mo*; oo
>3 months. . (HR* 3.3; 95%
study (39) effects sustained C10.7-16.1, p =
* . A, p=
at 24 mo 0.089).
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Patients with
GIO* and prior

TPTD* showed
greater early and

fractures.

specific risk
thresholds.

Hirooka et bisphosphonate 1 LS* BMD* <ustained 1 in LS*
al. (2020). use; mean age: +7.9% (p < 0.001), 1

; and FN* BMD* than
Prospective, 66.7 (DEN*) 1T FN* BMD* _ .

o . DEN*, n = DEN¥*; both 1 LS*
open-label, vs.61.1yrs TPTD*, n=21; | +6.6% (p <0.05), 1 20-60 ma SC | BMD* at 24 mo
non- (TPTD*); all 20 pg/day SC* | TH* BMD* +3.3% ’ 9 * !

. . every 6 mo but only TPTD* 1t
randomized on =5 mg/d (NS*); 1 TRACP- .

. . . . FN* BMD*; DEN*
clinical trial prednisone; 5b* and PINP* * %
(36) various throughout | BTMs*, TPTD* 1

R ’ BTMs*; 2 fx in DEN*
connective tissue rou
diseases. group-
* *
Patients with Teriparatide -Tf-ll_i ZSMD< TPTD*—DEN*
Hirooka et GIO* and prior | — Denosumab 0 Odl 0 (PFN* produced greater
al. (2021). bisphosphonate | (Switch group), B-MD*)’+T11 >y Continuous 1in FN* BMD* vs
Prospective, use; mean n=18; TPTD* - denosumab, n | continuous DEN*
open-label, age 63 yrs; 20 pg/day SC* (p < O,,;OS)’ TDTH* = 16; DEN* at 48 mo (p < 0.05);
non-— connective tissue | for 24 mo*, BI\O/Igl +7I§?IV(IP* 60 mg SC* both 1 LS* and TH*
randomized diseases; all on | then switched ?TR.AC)I;—TSb* ° every 6 mo* BMD*; suggests
clinical trial glucocorticoids | to DEN* 60 mg P1NP) with. for 48 mo* benefit of anabolic-
(37) (mean PSL "3 SCevery 6 TPTD*, then | with to-antlres_orptlve
mg/day). mo* DEN* sequence in GIO*
* * *
Iseri et al. Patients with TLS . BMD [.)M.A.b pToduced
(2018) GIO* and +5.3% at 12 mo (p significantly greater
RCT* ' lomerular DMAb*, n = <0.01); | TRACP- | ALN*, n=14; |1inLS* BMD*vs
<in Iel—center gisease' median 14; 60 mg SC | 5b* -57.7%, BAP* | 35 mg PO ALN* at 12 mo* (p
9 ’ . every 6 months | —30.9%, t-PINP* | weekly + daily | <0.05); stronger
open-label, age 66 yrs; ! o . L .
. . + daily calcitriol | -57.4% (all p < calcitriol 0.25 | suppression of
randomized all on PSL* Y .
controlled bisphospho’nate— 0.25 pg. 0.01); no sig. 1 pg. BTMs*; no fx*
trial (40) naive in FN* or UD* difference; 1 FN* fx
’ BMD* in DMAb* group.
Patients (Group | DPD* (-18.1 to N
nneudh g | 20 =2k Gt —20.2%, p < 0.05), vcv?tr;zlt?j::)onna::fapy
al. (2000) B:n = 16) Group B: T YAMY +5.175% V.D3* significantl
BT sindla | With GIO* Etidronate 200 | and +5.54% at 24 el ot
cent’er 9 and diffuse mg/day PO* and 48 weeks (p < | Group A: V.D3 resorption. improved
° en—iabel connective x14 days every | 0.01 vs baseline; p | 1 pg/day alone. bone[:nine’ral IZveI
cgm arativ'e tissue disease; 3 months + < 0.05 vs control), and tended to ’

P age 220 yrs; V.D3 1 pg/day. | | new fractures

trial (41) . reduce new vertebral
all on =5 mg/d (6.3% at 1 yrvs fractures
prednisone. 31.3% at baseline). ’
Risedronate (5 mg/
Postmenopausal ol ?:g&s;?jnJ::tznbt!ZI
Kanis et women aged >50 | Risedronate; I;Zi::l;eral_llskon— fracture risk (RR
al. (2007). years in various | modeled ey Placebo or =0.33; 95% Cl:
Systematic European cohort, not a EEEEl, )P no treatment; 0.14-0.80) and was
review and countries cIinicaI’triaI = I t) SoR5= modeled ’ c<.)st—ef.fective in
o B - effectiveness -
cost-utility primarily at risk | typical dose: 5 rofile under scenario. women 275 years
analysis (42) | of osteoporotic | mg daily. P with prior fractures,

with an ICER of
£35,000/QALY (95%
Cl: £25k—£106k).
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Langdahl et | Patients LS* BMD* 1: TPTD* significantly
al. (2009). with GIO*; +7.8% in postMP* increased LS*

RCT, postmenopausal | TPTD* n = women (vs ALN* BMD* and reduced
multicenter, | women, 67 214; 20 pg/day | +3.7%, p<0.001); | ALN*, n = 213; | vertebral fracture
double-blind, | premenopausal | SC + calcium +7.0% in preMP* 10 mg/day incidence compared
double- women, 83 men; | 1000 mg/day + | (vs +0.7%, p < PO* + same to ALN* in all
dummy, 221 years; on 25 | vitamin D 800 | 0.001); +7.3% in supplements. | subgroups; effects
active— mg/day, [U/day. men (vs +3.7%, were independent of
controlled glucocorticoids p = 0.03); | new sex or menopausal
(43) for >3 months. vertebral fractures. status.

RIS*: Risedronate. RR*: Relative risk; BMD*: Bone mineral density; MD*: Mean difference; ALN*: Alendronate;
ALF*: Alfacalcidol; GC*: Glucocorticoids; CI*: Confidence interval; TPTD*: Teriparatide; OC*: Osteocalcin; P1NP*:
Procollagen type | N-terminal propeptide; OR*: Odds ratio; Ca*: Calcium; V.D3*: Vitamin D3; ETD*: Etidronate;
IBN/IBA*: Ibandronate; ZOL*: Zoledronic acid; CTx*: C-terminal telopeptide; NTx*: N-Terminal Telopeptide;
BSAP*: Bone-specific alkaline phosphatase; b-CTx: Beta-CrossLaps; AF*: Alkaline phosphatase; GIOP*:
Glucocorticoid-induced osteoporosis; NaF*: Sodium fluoride; BID*:_Twice daily; NS*: Not significant; CKD*:
Chronic kidney disease; aVD*: Active vitamin D; S-NTX*: Serum N-terminal telopeptide of type | collagen; ALP*:
Bone alkaline phosphatase; PO*: Per os (oral administration); mo*: months; PTH (1-34)*: Parathyroid hormone;
SC*: Subcutaneous; TBS*: Trabecular bone score; QCT*: Quantitative computed tomography; DXA*: Dual-energy
X-ray absorptiometry; HRT*: Hormone replacement therapy; ROC*: Receiver operating characteristic curve; AUC*:
Area under the curve; FEA*: Finite element analysis; NA*: Not applicable; SLE*: Systemic lupus erythematosus;
Tb.Sp*: Trabecular separation; RCT*: Randomized controlled trial; sSRANKL*: Soluble RANK ligand; IL-6*:
Interleukin-6; LS*: Lumbar spine; DMAb*: Denosumab; PPI*: Proton pump inhibitor; MDCT*: Multidetector-
row computed tomography; BV/TV*: Bone volume over total volume; SMI*: Structure model index; BTMs*: Bone
turnover markers; MIN-M#*: Minodronate; TRACP-5b*: Tartrate-resistant acid phosphatase 5b; HR*: Hazard
ratio; FN*: Femoral neck; PSL*: Prednisolone; UD*: Ultra-distal radius; YAM*: Young adult mean; postMP*:
Postmenopausal; preMP*: Premenopausal; NMA*: Network meta-analysis; SUCRA*: Surface under the cumulative
ranking curve; RAL*: Raloxifene; SMD*: Standardized mean difference; CT*: Calcitonin.

Source: Own elaboration.

After reviewing the efficacy of pharmacological time. Compared to the first six months of treatment,
therapies in the treatment of glucocorticoid- fracture risk decreased by 81% between 24 and 30
induced osteoporosis, it is equally important to months and by 89% between 30 and 36 months
analyze their effectiveness in clinical practice. (p < 0.05). Additionally, reductions in lumbar pain

Karras et al. conducted an observational study were assessed using a mixed-effects repeated
to evaluate the effectiveness of teriparatide in measures model, adjusted for variables such as
postmenopausal women with severe osteoporosis baseline pain levels and fracture history. Throughout
undergoing glucocorticoid treatment over a the study, patients reported an improvement in their
36-month period. This prospective cohort study health-related quality of life (HRQOL), measured
allowed for the observation of changes in fracture using the EQ-5D scale (a standardized instrument
incidence and patient quality of life in a routine for assessing five dimensions of health-related
clinical setting. To analyze the results, the authors quality of life), with benefits persisting even after
used a logistic regression model with repeated discontinuing teriparatide (44). The effectiveness
measures to examine changes in fracture risk over findings are summarized in table 2.
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Table 2. Summary of the included studies on real-world effectiveness
of treatments for glucocorticoid-induced osteoporosis

Author, year, P lati d Intervention I . Comparator
and study [EEE Bl (name), n, SR (name), n, Main outcome
design age and dose outcome and dose
9
In GC* users,
TPTD* treatment
led to a significant
reduction in clinical
fractures over
36 months, with
an 81% and 89%
In GC* decrease in adjusted
users: 16.7% odds at months
experienced >1 24-30 and 30-36,
fracture over respectively (p =
36 months 0.028). Fracture
Goral  Noaawe | Didemcesas,
adjusted o’dds comparator Back pain improved
Karras et of fracture (BbeeEeme| significantly, with
al. (2012). o study). 9 i
Prospective Postmenopausal VERETEietD eI by Compared d mean VAS*
multinationél women with 1 = Al e f2a=20 outcomes redlciion of =220
observationall GlO* age: 69.9 EE- Ueg o) el B between MEN(pISIO 00T
study (EFOS: | years; nor;—us.ers e 20 g (210306 e GCusers (n et Gy [ Deg
B ' meanlage: 712 SQ* once vs first 6 mo* | _ 294) vs due to back pain
forsteo T dally., .self— (P < Q..OS). nonusers decreased from 6 to
observational administered. Slgnlleant (n = 1287). 5 days.'EQ—VAS*
study) (44) .reductlons. Both groups scores |ncre:f|sed
Vadeang | followed for |V R8T B e
. 36 months.
improvements rose from 0.516 to
in EQ-5D*, 0.691 (p <0.001).
HRQOL* These benefits
during were sustained
and after after teriparatide
treatment. discontinuation.

Similar trends

were observed in
non-GC* users
(fracture rate:
12.4%), with slightly
greater HRQOL*
improvements.

GIOP*: Glucocorticoid-induced osteoporosis; GC*: Glucocorticoids; SC*: Subcutaneous;
VAS*: Visual analog scale; EQ-5D*: EuroQol 5 dimensions; HRQOL*: Health-related quality of life;
TPTD#*: Teriparatide; EQ-VAS*: EuroQol visual analog scale.
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Safety is also a fundamental aspect when
evaluating pharmacological therapies used for the
treatment of glucocorticoid-induced osteoporosis.
Since these patients often require long-term
treatment, it is crucial that medications are not only
effective but also have a favorable safety profile.
The studies we identified in this review assessed
both efficacy and safety parameters. In total, five
studies were reviewed. Below, we summarize the
main findings, highlighting improvements in bone
mineral density, reductions in fracture incidence,
adverse effects, and treatment tolerability across
different clinical contexts. Safety and efficacy
outcomes of the included studies are summarized
in table 3.

First, Cauza et al evaluated intravenous
pamidronate every three months in postmenopausal
women and patients with GIOP. The treatment
resulted in a significant increase in lumbar spine
BMD in the postmenopausal group (p < 0.0001);
however, in the GIOP group, no significant
changes were observed in this region (p = 0.724).
Nevertheless, an improvement in BMD at Ward's
triangle was recorded in the GIOP group (p =
0.0029). In terms of safety, pamidronate was
well tolerated, with no serious adverse events.
However, minor side effects such as abdominal
pain, headache, and mild liver abnormalities were
reported, suggesting a generally favorable safety
profile, though caution is advised for patients with
a history of gastrointestinal or liver conditions (45).

On the other hand, Tanaka et al, in the
TOWER-GO study, compared weekly teriparatide
with weekly alendronate in Japanese patients with
GIOP. After 72 weeks, both treatments significantly
increased lumbar spine BMD (teriparatide: 5.09%
and alendronate: 4.04%; both p < 0.05), although
teriparatide showed greater increases in bone
formation markers. Regarding safety, both groups
reported side effects such as nausea, muscle
pain, and flu-like symptoms, but there were no
significant differences in the frequency or severity
of these events between the groups, indicating that
both treatments were safe and well tolerated (46).

Fujieda et al, in the RISOTTO study,
investigated risedronate in patients with GIOP and
rheumatoid arthritis. The results showed a 3.49%
increase in lumbar spine BMD in the risedronate
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group, compared to 0.12% in the placebo group
(p < 0.0001). In terms of safety, 28 patients
experienced adverse events, none of which were
severe. The most common side effects were mild
gastrointestinal discomfort and abdominal pain,
which are characteristic of bisphosphonates.
Additionally, 10 non-traumatic vertebral fractures
were reported, highlighting the need for close
monitoring of bone response in these patients (47).

Kitazaki et al. compared alendronate with
alfacalcidol in patients with GIOP and ulcerative
colitis. At the end of the study, alendronate showed
a significant increase in lumbar spine BMD and a
reduction in bone resorption markers, while both
treatments were well tolerated. However, as a
bisphosphonate, alendronate has a safety profile
that requires particular attention in patients with
a history of gastrointestinal conditions due to its
potential to cause esophageal irritation. No serious
adverse events were reported in this study, nor
were treatments discontinued due to side effects,
suggesting adequate safety in patients with
comorbidities (48).

On the other hand, Glier et al, in the
EuroGIOPs study, compared daily teriparatide
with weekly risedronate in men. Both treatments
had comparable safety profiles, although 10.6%
of patients in the risedronate group experienced
new clinical fractures, while none of those in the
teriparatide group experienced such events. Overall,
no significant serious adverse events were reported,
and both treatments were well tolerated (49).

Similarly, Allen et al. conducted a meta-analysis
of 27 clinical trials with 3.075 participants, in which
bisphosphonates showed no significant differences
in the rate of serious adverse events compared to
the control group. In the bisphosphonate group, the
incidence of serious events was 14.7% (136 out of
892), compared to 16.2% (131 out of 811) in the
control group, with an absolute risk difference of
0% (95% Cl: =2% to +2%). The rate of treatment
withdrawal due to adverse effects was 7.7% in the
bisphosphonate group versus 7.3% in the control
group, with a difference of +0.4% (95% Cl: -1% to
+3%). The most common adverse effects included
gastrointestinal discomfort and flu-like symptoms,
both considered mild (50).
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Similarly, in the HORIZON study, Reid et al.
compared zoledronic acid and risedronate over one
year in 833 patients. Zoledronic acid caused a higher
incidence of transient effects (fever and myalgia)
within the first three days post-infusion, affecting
27.7% of patients (115 out of 416) compared to
12% (50 out of 417) in the risedronate group.
Serious events were rare in both groups, including
worsening of rheumatoid arthritis in the treatment
group and persistent fever in the prevention group.
Regarding renal function, potential increases in
creatinine were monitored in the zoledronic acid
group, but no clinically significant changes were
found (51).

In another study, Nanki et al/ found that
weekly teriparatide was superior to continuous
bisphosphonates in patients with GIOP. Teriparatide
significantly increased lumbar spine BMD by 4.7%
versus 0.8% with bisphosphonates (p = 0.014)
and also reduced the incidence of new fractures
(17.6% vs. 22.7%). However, the teriparatide group
reported more adverse effects (42.9% vs. 9.5%),
including nausea, headache, and fatigue (52).

Ringe et al. evaluated ibandronate compared to
alfacalcidol, highlighting that ibandronate was well
tolerated and had a lower incidence of hypercalcemia
or hypercalciuria (1.9% vs. 7.6%). Only one patient
in the ibandronate group discontinued treatment
due to a mild adverse event (11).

Meanwhile, Campbell et a/. analyzed etidronate
and calcium in asthmatic patients undergoing
glucocorticoid treatment. Etidronate increased
lumbar spine BMD by 4.1% (p = 0.001) and reduced
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fractures in postmenopausal women (OR 0.39, 95%
Cl1 0.14-0.99). Regarding safety, the combination
of etidronate with calcium increased gastrointestinal
side effects (53). In another study in 2009,
Campbell et al. compared hormone replacement
therapy (HRT) with etidronate in postmenopausal
women with asthma. Both treatments increased
BMD by approximately 1% annually; however, 50%
of patients with X-rays developed asymptomatic
fractures, limiting their effectiveness in fracture
prevention (54).

Finally, Sato et al. evaluated etidronate in
Japanese patients with connective tissue diseases,
showing a 4.8% increase in lumbar spine BMD at
144 weeks (p < 0.005), with no new vertebral
fractures and minimal adverse effects, highlighting
its safety profile (55).

In summary, the reviewed studies indicate
that  bisphosphonates,  teriparatide, and
etidronate are effective and generally well-
tolerated treatments for glucocorticoid-induced
osteoporosis, with acceptable safety profiles.
Each treatment has specific adverse effects, with
gastrointestinal symptoms being more common
with bisphosphonates, while transient effects such
as fever and flu-like symptoms are observed with
teriparatide and zoledronic acid. Although some
treatments, such as teriparatide, may be associated
with transient side effects, including post-infusion
fever or hypercalcemia, most adverse events are
not severe. This reinforces the long-term safety
of these treatments for managing GIOP.
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Table 3. Analysis of included studies on safety and efficacy
in glucocorticoid-induced osteoporosis

Author, year, Population Intervention, | Comparator, n, Efficacy Safety
and study
desian and age n, and dose and dose outcome outcome
9
Generally,
well tolerated.
Adverse

BMD* after 3 years: events: 36 in

Lumbar spine: both groups.

+13.3% (IBAN*) More cases of

vs. +2.6% (ALF*) (p | hypercalcemia
Intravenous <0.001). Femoral with alfacalcidol
Ringe et Men and women | Ibandronate neck: +5.2% (IBAN*) | (8.8% vs. 1.7%).
al. (2003). with GIO*. 2 mg every ALF* 1 g daily |vs.+1.9% (ALF) (p< | More cases
Randomized Mean age: 64 3 months + (n=57)+ Ca 0.001). Reduction in | of myalgia/
clinical trial years.n =115 calcium 500 500 mgq daily. vertebral fractures: arthralgia with
(11) patients. mg daily, 8.6% (IBAN*) vs. ibandronate
n=58. 22.8% (ALF*) (p (13.8% vs. 7.0%).
=0.043). Less One patient
height loss: 0.7 cm | {iscontinued

(IBAN*) vs. -1.4 cm | ipandronate

(ALF*)(p = 0.001). | gije to adverse
effects (injection
site pain, fever,
and myalgia).
Adverse events
occurred in 74%
of patients.

Lumbar spine BMD* More adv'erse

increased more events with

with TPTD* vs. teriparatide

BPs* (4.1% vs. 0.5% | (nausea,

Patients with at 72 weeks, p = headache,
Nanki et GIO*. 0.209). Proximal dizziness,
al. (2022). Conducted Teriparatide Bisphosphonates | femur BMD* change | fever, fatigue).
Randomized across 23 56.5 pg, once- | various types and | was not significantly | Total serious
open-label trial | centers in Japan. | weekly n = 21. | doses, n = 22. different. Incidence | adverse events:
(52) Mean age: 68.2 of new fractures was | 21 (15 in

years. n: 44, lower with TPTD* bisphosphonate

(11.8%vs. 18.2% at | group, 6 in

72 weeks and 17.6% teriparatide

vs. 22.7% at 144 group).

IR Hypercalcemia
occurred in one
patient receiving
teriparatide.
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More adverse

Decrease in bone
turnover markers
(alkaline phosphatase
and osteocalcin) in
postmenopausal
osteoporosis.

effects in
No significant etidronate-
ETD* 400 reduction in fracture | treated groups
Postmenopausal s mene tha (29/147 vs.
P mg/day for 2 9 :
women and men weeks every treatment groups. 5/.161 in non-
Wlth. a.sthma 3 months + ETD* increased etrzléjl:ogate_
Campbell et receing Ca* 500 mg/ lumbar spine BMD* (g) OO?_)I pAdverse
al. (2004). long-term oral/ | ;. '~ g8 by 4.1% over 5 years | ===
Randomized inhaled GC*. ETD* 400 No treatment, n | (p = 0.001). No effects included
. Conducted = 95. significant effect indigestion,
controlled trial mg/day for 2 -
(53) across 39 chest weeks ever on proximal femur EMSEE,
clinics in the 3 th y_ BMD*. Post hoc vomiting,
UK*. Age range: 8{nocn % SSIOnO_ analysis: Fracture diarrhea, and
50-70 years. n '/d d a incidence was lower | headaches.
= 349. rgg ay. n = in wzmen receiving_ Higher dropout
STODZ (OR039.p = | rates due to
02). side effects in
the etidronate +
calcium group.
Lumbar spine
BMD* increased
significantly in the Two patients in
ETD* group at 144 | the etidronate
Japt)_anise " ETD* 200 weeks (4.8% vs. group withdrew
Sato et al. Egr:r?;]cii\\/,: mg/day for 2 g4{ p< 0'01)'| due to adverse
(ASIOE], tissue diseases TEES Ve S S0 ey w?asrxwr::r;?\z?/:esj events
Randomized 3 months + ALF* 0.75 pg/ (headache and
; on GC* therapy. the greatest ial rash
prospective ) Ca* 3.0 g/day |day, n=51. . ) facial rash).
Age range: + ALF*: 0.75 improvement in
study (55) 21-73 years. n C BMD* (10.1% vs. No
= 102. Hg/day, n =51. 1.35%, p < 0.05). gastrointestinal
No new vertebral side effects
fractures in the ETD* | were reported.
group vs. 2 fractures
in the control group.
Lumbar spine
BMD* significantly
increased in
postmenopausal Well-tolerated
i osteoporosis (p with no severe
Austrian = 0.000067). No astrointestinal
women in PAM* 30 significant change <
events. One
Cauza et postmenopausal | mg every 3 in lumbar spine i o]
al. (2004). group: Mean months, Ca* BMD* in GIO* (p = Ewoderate -
Prospective age: 68.1 year | 500-1000 mg/ | N/A 0.724). Significant b it
observational | and GIO* group: | day + V.D3*: increase in Ward's ?) normatity.
study (45) Mean age: 66.9 | 250-500 U/ triangle BMD* in & P_at'eng
years. n = 86. day. n = 86. GIO* (p = 0.0029). | €xperience

abdominal pain
while taking
NSAIDs.
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Lumbar spine

BMD* increased
significantly in

the RIS* group
compared to the
Placebo group
(3.49% vs. 0.12%,

p <0.0001). No
significant difference

28 patients
experienced
adverse
events (19 in
risedronate, 9

mean age: 56.3

showed greater

Fujieda et in femoral neck or in placebo). No
1 *
(Ii/{.u(lfi(c)ezr?t)e-r Patients with RIS* 75 mg Litt?/:/:éi Z:j)Eps. Zi::tisrae(;\c/ﬁ;:.
dOUb|9‘b|inld AR* and GIO* orally, once Placebo, once Bone turnover Upper gastric
randomized ! Mean age: 70 * | monthly for 6 | monthly for 6 K _sh 'PPeT g ) .
; ge: RS, [ = months, n = 34, | markers (TRACP-5 Filsc_)rders. 7.9%
placebo- years. n = 95. 61 and BAP) decreased in risedronate
controlled trial ’ significantly with vs. 8.8% in
(47) RIS* (p<0.0001). | placebo. Eight
N_o signific.ant . patients in
dlff.erence in Disease | icadronate
Activity Score group withdrew
(DAS28-ESR) for | 46 t5 adverse
RA*. Non-traumatic
vertebral fractures: events.
10.7% in RIS* group
vs. 11.8% in placebo
group (p = 0.88).
At 18 months:
Trabecular BMD*
(L1-L3) increased Similar adverse
significantly more event rates
with toeriparatiode D Eaw
Glier et Men with GIO ElgggZ)S:RSS’C_T_* groups. No new
al. (2013). : TPTD*: 20 pg/ | RIS* 35 mg/ e ) fractures in the

increased with
TPTD* and
decreased with
ALN*.

Randomized, day SC. n= week oral.* n = . TPTD* group
) ears tructural
open-label trial Y 45, 47. microstructurat vs. 5 (10.6%)
n=92. improvements with . e o
) TPTD*. Vertebral in RIS*(p =
strength increased 0.056). No )
more with TPTD* hypercalcemia
(26.0%-34.0% vs. cases.
4.2%-6.7%, p <
0.015).
Non-inferiority Similar adverse
of TPTD* vs. event rates
alendronate in ("50% of
lumbar BMD* change patients in
Tanaka et at 7f2_ wezk;was ot | hoth groups).
al. (2020). Patients with TPTD*: Once- contirmed. FOWEVET, | N4 significant
- ALN* Once- both significantly . .
Randomized, GIO, mean age: | weekly 56.5 - . differences in
weekly, n = 91, increased BMD*
open-label, 65.8 years. n = | ug/week SC.n . 5 vertebral or
: — 35 mg/week oral. | (5.09% vs. 4.04%,
multicenter 180. = 89. non-vertebral
. p <0.05). Bone
trial (46) formation markers fracture

incidence. No
severe safety
events reported
with TPTD*
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No significant
difference in
ALN* significantly adverse events
increased lumbar between groups.
. . Patients with spine BMD* (4.1% One withdrawal
Wigzed e UC* receivin 0.9%, p < 0.05) in each grou
al. (2009). 9 | ALN*5mg/ | ALF* 1 pg/dia, n | Y3 227 P <003 group
: GC*, agerange: | . ALN* significantly due to pruritus
Randomized dia, n = 19. = 20. d db x
trial (48) 17-70 years. n ecreased bone (ALN*) and
=39, turnover markers, muscle pain
while ALF* had a (ALF*). No
limited effect. new fractures
reported in
either group.
ALN* 5-10 No significant
mg/day, n = Bisphosphonates difference in
1052; RIS* reduced vertebral serious adverse
2.5-5 mg/ fractures I?y 43% (77 | events or
ETBr 200 ie aaper 1000, | Withdrawals
- vs. &% per n due to adverse
Patients with 400 mg/day, n o treatment, RR 0.57,
Allen et 3l GIO*, mean age: | = 385; PAM* | o 29/ 95% C10.35-0.91). | cvents. No
(2016). - or V.D3*, or o reports of
. varied across 30-90 mg/ No significant effect .
Systematic ; _ _ | placebo, n = N osteonecrosis
. 50 studies. n = month IV, n = 1330 on non-vertebral fthe i
review (50) 3075. 180; IBAN* : fractures (RR 0.79, ot 13 [ @I
150 mg/month 95% C10.47-1.33). | atypical femoral
oral or 3 mg/ Increased BMD* at | fractures.
quarter IV, n lumbar spine (3.5%) Gastrointestinal
= 225; CLO* and femoral neck symptoms were
800-1600 mg/ (2.06%). common but
day oral, n = 225. mild.
Adverse events
ZOL* was non- were more.
o . frequent with
inferior and superior S
. ZOL*, primarily
to risedronate for . .
A e T transient flu-like
Reid et al. sympt i
. " ymptoms in
(2009). sPine BME” 2 12| the first 3 days
Randomized, Patients with ZOL*, 5mg IV post-infusion.
. e . treatment (4.06% vs. .
double-blind, | GIO*, mean age: | infusion once RIS*, 5 mg/day o L Serious adverse
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In summary, bisphosphonates (risedronate,
alendronate, and zoledronate), teriparatide,
and denosumab are effective treatments for
increasing bone mineral density and reducing
fracture risk in patients with glucocorticoid-
induced osteoporosis. Teriparatide stands out for
its superior ability to promote bone formation and
reduce vertebral fractures, while bisphosphonates
and denosumab significantly lower the risk of non-
vertebral fractures. The reviewed therapies have an
acceptable safety profile, with mostly mild adverse
events. However, it is crucial to consider each
patient’s individual profile to optimize treatment
and minimize risks.

Discussion

Glucocorticoid-induced osteoporosis (GIOP)
is a common complication in patients undergoing
long-term corticosteroid treatment, typically at
doses of 25 mg/day for more than 3 months. This
condition is associated with a significant loss of
bone mineral density (BMD) and an increased risk
of fractures, particularly vertebral and hip fractures,
which are the most prevalent fracture types in this
form of secondary osteoporosis.

This scoping review evaluated the efficacy,
effectiveness, and safety of the different available
therapies for the treatment of glucocorticoid-
induced osteoporosis. Among the most effective
treatments are bisphosphonates (risedronate
and alendronate) and anabolic agents such as
teriparatide, which have demonstrated a significant
increase in BMD and a reduction in the risk of both
vertebral and non-vertebral fractures.

The reviewed evidence shows a consensus on
the use of bisphosphonates as a first-line therapy
for fracture prevention in patients with GIOP. In
the study by Reid et a/, risedronate (5 mg/day)
increased lumbar spine BMD by 4.8% and femoral
neck BMD by 2.1%, with an 82.4% reduction
in the risk of vertebral fractures (6). However,
while bisphosphonates remain a cornerstone as
a drug class, the clinical use of risedronate has
declined in several countries in recent years. In
contrast, alendronate and intravenous zoledronic
acid continue to be widely used due to their
efficacy, dosing convenience, and improved
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treatment adherence, particularly in patients with
contraindications to oral therapy.

This finding is consistent with other studies,
such as that by Sambrook et a/, which reported
a significant increase in lumbar spine BMD
with alendronate. Both studies agree that
bisphosphonates are effective in preventing
vertebral fractures and, to a lesser extent, non-
vertebral fractures (including hip and trochanteric
fractures) (56).

However, in the clinical trial by Hoes et al.,
no significant differences were observed in the
reduction of new fractures between alendronate
and alfacalcidol, suggesting that treatment response
may vary depending on the patient’s risk profile (7).

Regarding anabolic agents, studies such as
Eastell et a/. showed that teriparatide (20 pg/day)
was superior to alendronate in improving BMD and
restoring bone formation, particularly in patients
with GIOP, who experience greater suppression of
bone-forming activity (8). In addition, zoledronic
acid deserves specific mention, as evidence from
randomized trials (e.g., HORIZON) demonstrates
superior or non-inferior improvements in
BMD compared with those achieved by oral
bisphosphonates, with an acceptable safety profile,
making it a valuable option in routine clinical
practice.

This study reported a 9.8% increase in
lumbar spine BMD and a greater reduction
in vertebral fractures. Devogelaer et al. also
supported the efficacy of teriparatide; however,
their analysis found that the glucocorticoid dose
influenced treatment response, suggesting that
higher corticosteroid doses (>15 mg/day of
prednisone) could reduce the effectiveness of
BMD improvement. Additionally, safety concerns
regarding teriparatide have been raised due to
a higher incidence of mild adverse events, such
as nausea and fatigue, although serious adverse
effects are generally not reported (12).

Limitations and strengths

Although anti-sclerostin agents such as
romosozumab were considered within the
conceptual framework of this scoping review,
no studies meeting the inclusion criteria were
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identified specifically for glucocorticoid-induced
osteoporosis. This highlights an important evidence
gap and the need for future clinical research in this
area.

Several limitations were identified in this review,
including the heterogeneity of studies in terms
of glucocorticoid dose and treatment duration,
as well as variability in the studied populations.
Differences in inclusion criteria may have influenced
comparisons of efficacy and effectiveness outcomes
across treatments. Moreover, some studies were
not specifically designed to assess fracture
prevention, which limits the interpretation of data
related to this key clinical outcome. On the other
hand, one of the main strengths of this review is
the inclusion of recent studies that analyze not only
changes in BMD but also bone turnover markers
as predictors of therapeutic response, allowing
for a more comprehensive approach to evaluating
treatment efficacy and safety.

The findings of this review suggest that
bisphosphonates, particularly risedronate and
alendronate, remain the first-line therapies for
preventing vertebral and non-vertebral fractures
(mainly hip and trochanteric fractures) in patients
with GIOP. However, in patients at higher fracture
risk or those with greater suppression of bone
formation, teriparatide should be considered
a superior therapeutic option. In terms of
effectiveness, anabolic agents have been shown
to be more effective in improving bone quality,
although their use must be weighed against
potential adverse effects and the high cost of
treatment. Future research should focus on
the long-term evaluation of the safety of these
treatments, as well as cost-effectiveness studies to
assess the incorporation of anabolic agents into the
standard treatment of GIOP, given their high cost.

In our review, we identified a notable limitation
in the available studies regarding adverse events
associated with different drugs used in GIOP.
Although some studies mention adverse effects,
few delve into the most significant ones or assess
their impact on overall patient health. This is
concerning, as adverse events can not only limit
treatment adherence but also increase the burden
of comorbidities in an already vulnerable population.
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Conclusion

Glucocorticoid-induced osteoporosis (GIOP) is
a treatable complication. Bisphosphonates as a class
remain effective options for preventing vertebral and
non-vertebral fractures; however, in current clinical
practice, alendronate and intravenous zoledronic
acid are more commonly used than risedronate in
many settings. Anabolic agents, such as teriparatide,
represent a valuable alternative for patients at
higher fracture risk or with severe suppression of
bone formation. Evidence regarding anti-sclerostin
therapies (e.g., romosozumab) in GIOP is limited,
underscoring the need for future studies to clarify
their role. An individualized approach that balances
efficacy, safety, availability, and cost-effectiveness
is essential.
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