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Abstract

Introduction Although synthetic glucocorticoids (GCs) are commonly used to treat autoimmune and other diseases, GC
induced osteoporosis (GIOP) which accounts for 25% of the adverse reactions, causes fractures in 30-50% of patients, and
markedly decreases their quality of life. In 2014, the Japanese Society for Bone and Mineral Research (JSBMR) published
the revised guidelines for the management and treatment of steroid-induced osteoporosis, providing the treatment criteria
based on scores of risk factors, including previous fractures, age, GC doses, and bone mineral density, for patients aged >18
years who are receiving GC therapy or scheduled to receive GC therapy for >3 months.

Materials and methods The Committee on the revision of the guidelines for the management and treatment of GIOP of the
JSBMR prepared 17 clinical questions (CQs) according to the GRADE approach and revised the guidelines for the manage-
ment and treatment of GIOP through systematic reviews and consensus conferences using the Delphi method.

Results Bisphosphonates (oral and injectable formulations), anti-RANKL antibody teriparatide, eldecalcitol, or selective
estrogen receptor modulators are recommended for patients who has received or scheduled for GC therapy with risk factor
scores of >3. It is recommended that osteoporosis medication is started concomitantly with the GC therapy for the preven-
tion of fragility fractures in elderly patients.

Conclusion The 2023 guidelines for the management and treatment of GIOP was developed through systematic reviews and

consensus conferences using the Delphi method.
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Introduction

Glucocorticoids (GCs) are secreted from the adrenal cortex
upon stimulation by adrenocorticotrophic hormone from
the hypothalamus-anterior pituitary system. Endogenous
GCs bind to the GC receptor (GR) and translocate into the
nucleus to regulate the physiological metabolism of glucose,
lipid, and bone, among others, through transcription, thereby
maintaining body homeostasis. Synthetic GCs are widely
used to treat various diseases in different fields, including
autoimmune rheumatic diseases, respiratory, renal, neuro-
logical, and allergic diseases, and graft rejection, through
pharmacological actions, such as potent anti-inflammatory
and immunosuppressive actions. In treating these diseases,
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synthetic GCs exert pharmacological actions by regulating
the transcription of proinflammatory mediators through GR.
However, synthetic GCs also bind to GR to cause abnor-
mal metabolism of glucose, lipid, bone, and blood vessels,
among others [1-3].

Abnormal bone metabolism induced by GCs is called
GC-induced osteoporosis (GIOP). It is common, accounts
for 25% of adverse drug reactions, and affects 0.7-1.2% of
adults [4, 5]. GCs inhibit mesenchymal stem cell differen-
tiation into osteoblasts and induce osteoblast and osteo-
cyte apoptosis, inhibiting bone matrix production and then
reducing bone mass and quality [1-3]. Simultaneously, GCs,
directly and indirectly, stimulate osteoclast maturation and
activation. Consequently, GCs rapidly reduce bone quality
as well as quality and osteoporotic changes rapidly progress
at 3—6 months after administration. GCs also cause fragility
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fractures in 30-50% of the long-term administrated patients
[Suppl. Ref. 17]. No safety margin exists for dose-dependent
bone loss even at low GC dosages; osteoporotic effects are
inevitable.

GIOP is a frequently occurring adverse drug reaction to
prescribed drugs. Fragility fractures associated with osteo-
porotic changes markedly decrease quality of life (QOL).
Therefore, the Japanese Society for Bone and Mineral
Research (JSBMR) developed the guidelines for the man-
agement and treatment of steroid-induced osteoporosis in
2004 [6]. Furthermore, the society revised the guidelines in
2014, recommending general guidance for patients aged > 18
years who has already received GC therapy or scheduled to
receive GC therapy for >3 months and treatment interven-
tions when their scores of risk factors, including previous
fractures, age, GC doses, and bone mineral density are > 3
points, based on Japanese evidence [7].

The subsequent vigorous development of anti-osteoporo-
tic drugs and evaluation of the drugs for GIOP have accu-
mulated enormous evidence. Thus, the JSBMR guideline
revision committee prepared 17 clinical questions (CQs)
according to the Grading of Recommendations, Assessment,
Development, and Evaluations (GRADE) approach and per-
formed systematic reviews to develop the best recommen-
dations for management and treatment based on scientific
evidence and expert views. In addition, the committee held
consensus conferences using the Delphi method to prepare
recommendations for each CQ, for which the recommenda-
tion grades and consensus levels were shown.

Materials and methods
Guideline development committee and policies

The JSBMR guideline development committee took the
leading role in the development of guidelines for the man-
agement and treatment of GIOP. Additionally, the steering
committee on clinical practice guidelines, chaired by the
president of the society, clarified the objectives, system
determination, and internal evaluations, among others. Fur-
thermore, a systematic review team was formed mainly by
the society.

The Minds Handbook for Clinical Practice Guideline
Development was used to develop the 2023 guidelines for
the management and treatment of GIOP, which aimed to pre-
sent optimal recommendations for supporting decision mak-
ing of patients and healthcare professionals in consideration
of balancing risks and benefits and to provide evidence-
based medicine for clinically important medical practices
[8]. The scope of the guidelines was determined to cover
overall aspects of GIOP, such as understanding the epidemi-
ology, clinical conditions, disease pathology, management,
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and treatment. While presenting each item in the CQ format,
the committee aimed to develop efficient guidelines that gen-
eral clinicians could quickly understand and implement in
their clinical practice. The committee also aimed to spread
the guidelines afterward widely. The guidelines were devel-
oped to be comprehensible by general physicians who were
not osteoporosis specialists and by professionals in various
fields. The committee also aimed to develop guidelines to
provide the materials for making decisions on standardized
medical care so that all patients with GIOP could equally
receive appropriate treatment.

The scope was set as follows. 1) To discuss GIOP drug
therapy initiation criteria. 2) To propose drugs effective for
increasing bone mineral density and preventing fractures in
patients who scheduled to receive GC therapy for prevention
(including those received GCs for <3 months), according
to the GRADE approach. 3) To propose drugs effective for
increasing bone mineral density and preventing fractures
in patients who has already received GCs for >3 months
for treatment, according to the GRADE approach. The out-
comes were fragility fractures, bone mineral density/bone
quality, death, continuation rate, hypercalcemia/hypocalce-
mia, hypercalciuria, activities of daily living, QOL, anti-
resorptive agent-related osteonecrosis of the jaw, atypical
fractures, the number of operations, fertility, tolerability,
labor productivity, job separation rate, and impact on the
primary diseases.

Guideline development process

The committee prepared 17 CQs regarding the overall
aspects of GIOP and performed systematic reviews. Each
CQ was formulated in the PICO (patients, interventions,
comparison, and outcomes) format. Keywords were selected
for the PICO elements and used as search words to formu-
late a search equation. Infront Medical Publications was
commissioned to prepare a literature search list using the
PubMed and Scopus databases on articles published in and
after 2000.

The systematic review teams used the literature search
list to perform the primary screening, which a team of two
members independently performed for the abstract of each
listed article, and the secondary screening, which another
team of two members independently performed to examine
the full texts of the screened articles. The predefined bias
risks were evaluated for the selected articles to determine
the evidence levels. The guideline development commit-
tee received a summary report with evidence levels, rec-
ommendation grades, and draft recommendations. Based
on the third version of the Minds Handbook for Clinical
Practice Guideline Development, the committee evaluated
evidence levels on a 4-point scale of A (strong), B (mod-
erate), C (weak), and D (very weak). When meta-analysis
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was impossible, recommendations were developed based on
narrative reviews.

The guideline development committee evaluated the
recommendation grades by using the recommendation
classification of the Minds Handbook for Clinical Practice
Guideline Development. Recommendation grade 1: Imple-
mentation is strongly recommended. Recommendation grade
2: Implementation is weakly recommended (proposed).
Recommendation grade 3: Non-implementation is weakly
recommended (proposed). Recommendation grade 4: Non-
implementation is strongly recommended. Clinical studies
and academic articles with high evidence levels have bet-
ter recommendation grades for test methods and treatment
options. The evidence levels were compared to the recom-
mendation classification.

Meanwhile, as described in the Minds Handbook for
Clinical Practice Guideline Development, the strength of
evidence is not directly equivalent to the strength of rec-
ommendation. Holding consensus conferences to determine
recommendations and recommendation grades through unbi-
ased decision-making approaches is also preferable. To com-
pensate for low evidence levels, the guideline development
committee voted on a 9-point scale using the Delphi method,
and the criteria for adoption were set at > 8.0 points. Recom-
mendations were revised until they were adopted. Addition-
ally, this committee prepared the literature by summarizing
the literature extraction process, background, explanation,
and scientific evidence regarding the recommendations.

Furthermore, the steering committee on clinical practice
guidelines repeatedly discussed, polished, and revised the
recommendations. Public comments were widely sought
through the JSMBR and reflected in the contents of this
article.

Results

The 17 CQs prepared regarding the overall aspects of
GIOP were systematically reviewed: CQs 1 to 6 for epide-
miology, clinical features, pathology, and criteria for treat-
ment initiation; CQs 7 to 13 on therapeutic drug efficacy
in GIOP for increasing bone mineral density and prevent-
ing fractures, which were the most important outcomes in
both patients scheduled to receive GC therapy and patients
who have already received GC therapy for >3 months; and
CQs 14 to 16 for management and treatment of children,
elderly patients, and women of childbearing age and CQ
17 for surgical treatments of fragility fractures. A litera-
ture search yielded 1,413 and 1,426 articles published in
or after 2000 that contained the terms “glucocorticoid-
induced” or “steroid-induced,” “osteoporosis” or “frac-
ture,” and “GIOP” using PubMed and Scopus, respec-
tively. After articles that were inapplicable to the CQs

were excluded by the primary screening, the secondary
screening was performed to assess eligibility of literatures.
Subsequently, a systematic literature review of all 17 CQs
was performed, using randomized clinical trials (RCTs) as
the target of qualitative as well as quantitative evaluation,
and applicable RCTs and/or meta-analysis were found for
CQs 7-13. The search formula, strategy and flow chart
were shown in each CQs 7-13 and Supplementary Figures
(Suppl Figs. 1, 2, 3,4, 5, 6, 7). In contrast, because appli-
cable RCTs were not found for CQs 1-6 and 14-17, we
decided to conduct a narrative reviews of cohort studies,
large-scale cross-sectional studies, epidemiological stud-
ies, and patient statistics using mainly relevant literature
as expert opinion (Table 1). The following section presents
the CQs, recommendations, evidence levels, recommenda-
tion grades, consensus levels, and brief explanations.

CQ 1: How many patients with GIOP are
there? What are their QOL and outcomes?

[Recommendation] Patients with GIOP account for
0.7-1.2% of adults in the world. Since fractures occur in
30-50% of the patients and markedly impair their QOL,
appropriate management and treatment of this disease are
recommended.

Evidence level: D; recommendation grade: 1;
consensus level: 9.0

By the primary and secondary screenings in the process of
systemic literature review, RCTs and meta-analysis were not
found for the CQ1. A narrative reviews of cohort studies,
large-scale cross-sectional studies, epidemiological stud-
ies and patient statistics was, therefore, conducted using 7
extracted relevant literatures with newly added review papers
to prepare the recommendations.

Based on articles published in countries globally, approx-
imately 0.7-1.2% of adults develop osteoporosis because
of long-term GC therapy [Suppl. Ref. 1-21]. There is sci-
entific evidence that the number of patients increases with
age. Fractures occur in 30-50% of these patients and mark-
edly impair their QOL. While the risk of vertebral frac-
tures is increased by 55% even at a prednisolone-equivalent
dose of <2.5 mg, the relative risk of vertebral fractures is
increased by 14 folds in patients who are treated at a dose
of > 15 mg/day and have a cumulative exposure level of > 5
g. This disease is an iatrogenic adverse drug reaction that
occurs frequently. According to the 2014 revised guidelines
with strong scientific evidence, the importance of manage-
ment and treatment should be reacknowledged [7].
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Table 1 Clinical questions (CQs) for the management and treatment of glucocorticoid-induced osteoporosis

CQ# CQ Recommendation Evidence level Recom- Con-
mendation  sensus
grade level

1 How many patients with GIOP are there? What Patients with GIOP account for 0.7-1.2% of D 1 9.0

are their QOL and outcomes? adults in the world. Since fractures occur in

30-50% of the patients and markedly impair
their QOL, appropriate management and
treatment of this disease are recommended

2 What are the risk factors for GIOP? The risk factors of GIOP include advanced age, D 1 9.0
GC doses, low bone mineral density of the
lumbar spine, presence of previous fractures,
and no receipt of bisphosphonate therapy. It
is recommended to implement appropriate
management and treatment of GIOP without
delay while attention is paid to these risk

factors
3 How is the development of GIOP associated Since the development of GIOP depends on the D 1 8.9
with the GC doses? dose and duration of GC therapy, it is recom-

mended to initiate the administration of GCs
at the lowest dose possible and to immedi-
ately reduce the GC doses according to the
pathological condition of the primary disease

4 What are the symptoms, examinations, and Although GIOP has no specific symptoms, ver- D 1 8.6
imaging findings useful for diagnosing tebral fractures are useful for the diagnosis.
GIOP? It is recommended to evaluate whether there
are vertebral fractures soon after initiating
GC therapy
During GC therapy, it is recommended to D 1 8.4

measure bone mineral density by dual-energy
X-ray absorptiometry regularly

5 What is the guidance on lifestyle and nutrition It is recommended to prioritize the treatment D 1 9.0
for patients with GIOP? of the primary disease, which is the reason
for the administration of GCs, and to guide
lifestyle, including nutrition, according to the
disease characteristics of the primary disease

It is recommended to guide lifestyle and nutri- D 1 9.0
tion according to the Japanese guidelines for
preventing and treating osteoporosis
6 ‘What are the criteria for initiating drug therapy It is recommended to use the cut-off scores C 1 9.0
for GIOP? described in the “Guidelines on the manage-
ment and treatment of GIOP of the JSBMR:
2014 update" as the criteria for initiating drug

therapy for GIOP
7 Are active vitamin D preparations useful for Active vitamin D preparations, such as B 1 8.0
treating GIOP? eldecalcitol, are recommended because they

effectively increase the bone mineral density
of the lumbar spine and prevent non-vertebral
fractures in patients scheduled to receive GC
therapy and patients receiving GC therapy

8 Are bisphosphonates useful for the treatment Bisphosphonates are recommended for patients A 1 9.0
of GIOP? scheduled to receive GC therapy or patients
receiving GC therapy because there is
evidence for the effects of bisphosphonates
in increasing the bone mineral density of
the lumbar spine and femur and preventing
vertebral and non-vertebral fractures
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Table 1 (continued)

CQ# CQ Recommendation Evidence level Recom- Con-
mendation  sensus
grade level

9 Are selective estrogen receptor modulators use- Although there is no evidence that selective C 2 8.1

10

11

12

13

14

15

16

17

ful for the treatment of GIOP?

Are parathyroid hormone 1 receptor agonists
useful in treating GIOP?

Is an anti-RANKL antibody useful for the treat-
ment of GIOP?

Is an anti-sclerostin antibody useful for the
treatment of GIOP?

Are the above-described drugs different in
terms of usefulness?

How is GIOP prevented and treated in chil-
dren?

How is GIOP prevented and treated in elderly
patients?

How is GIOP prevented and treated in women
of childbearing age?

What is the surgical treatment of fragility frac-
tures associated with GIOP?

estrogen receptor modulators (SERMs) are
effective for preventing vertebral or non-
vertebral fractures in postmenopausal women
at risk of GIOP, they are effective for increas-
ing the bone mineral density of the lumbar
spine and femur. Thus, the use of SERMs is
proposed

Parathyroid hormone 1 (PTH1) receptor B 1 8.8
agonists are recommended for patients at
high risk of fractures because these agonists
can be expected to be effective in increasing
the bone mineral density of the lumbar spine
and preventing vertebral fractures in patients
scheduled to receive GC therapy and patients
receiving GC therapy

An anti-RANKL antibody should be adminis- B 1 8.9
tered to patients scheduled for or receiving
GC therapy to increase lumbar spine and
femur bone mineral density and prevent
vertebral fractures

(future study issue)

Recombinant teriparatide and an anti-RANKL B 1 8.0
antibody are more effective than bisphospho-
nates for preventing vertebral fractures. The
use of the former drugs is recommended.
Recombinant teriparatide is recommended for
patients at high risk of fractures

Bisphosphonates are proposed for preventing D 2 8.0
and treating GIOP in children

In elderly patients, intervention with anti- D 1 8.1
osteoporotic drugs in combination with GC
therapy is recommended to prevent and treat
fractures

It is recommended to guide lifestyle and nutri- D 1 8.3
tion to women of childbearing age who are
scheduled to receive GC therapy and those
who are receiving GC therapy, according to
Guidelines on the management and treatment
of GIOP of the JSBMR: 2014 update

It is recommended that bisphosphonates, an D 4 8.3
anti-RANKL antibody, and PTH1 recep-
tor agonists should not be administered to
pregnant or breastfeeding women for the
treatment of GIOP

For surgical treatment of fragility fractures D 1 8.1
attributable to GIOP, treatment strategies
according to the treatment of primary osteo-
porosis are recommended

CQ 2: What are the risk factors for GIOP? receipt of bisphosphonate therapy. It is recommended

to implement appropriate management and treatment of

[Recommendation] The risk factors of GIOP include GIOP without delay while attention is paid to these risk
advanced age, GC doses, low bone mineral density of factors.
the lumbar spine, presence of previous fractures, and no

@ Springer
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Evidence level: D; recommendation grade: 1;
consensus level: 9.0

The risk factors of GIOP detected in the current revision
were identical to those extracted by the analysis performed
on three cohort studies on Japanese patients to prepare the
2014 revised guidelines [Suppl. Ref. 22-32]. This further
emphasizes the importance of management and treatment
of GIOP according to the 2014 revised guidelines [7].

CQ 3: How is the development of GIOP
associated with the GC doses?

[Recommendation] Since the development of GIOP
depends on the dose and duration of GC therapy, it is
recommended to initiate the administration of GCs at the
lowest dose possible and to immediately reduce the GC
doses according to the pathological condition of the pri-
mary disease.

Evidence level: D; recommendation grade: 1;
consensus level: 8.9

The 6 articles extracted by systemic literature review were
used as the basis for the narrative review. GCs cause GIOP
as well as abnormal metabolism such as glucose and lipid.
Simultaneously, GCs are a risk factor for opportunistic
infections, cardiovascular disorders, and cerebrovascular
disorders and many. Thus, it is emphasized that indication
of GCs should be decided carefully and GCs should be
administered at the minimum necessary dose for the short-
est duration after considering whether the benefits of GC
therapy outweigh the risks [Suppl. Ref. 33-38].

CQ 4: What are the symptoms, examinations,
and imaging findings useful for diagnosing
GIOP?

[Recommendation] (1) Although GIOP has no specific
symptoms, vertebral fractures are useful for the diagnosis.
It is recommended to evaluate whether there are vertebral
fractures soon after initiating GC therapy.

Evidence level: D; recommendation grade: 1;
consensus level: 8.6
(2) During GC therapy, it is recommended to measure

bone mineral density by dual-energy X-ray absorptiom-
etry regularly.
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Evidence level: D; recommendation grade: 1;
consensus level: 8.4

Both recommendations are based on analytical epidemio-
logical studies. Hence, the evidence level was D. How-
ever, vertebral fractures are the most frequently occurring
osteoporosis-related fractures and fragility-fractures often
cause severe pain. Also, asymptomatic vertebral fractures
account for two-thirds of all osteoporosis-related fractures.
Moreover, a pre-existing fracture, with a score of 7 points,
carries the greatest risk of a second fracture among the risk
factors for fracture. Accordingly, the recommendation grade
was 1 because advantages of the recommended measure-
ments outweigh the risk and burdens [Suppl. Ref. 39-65]
and evaluation of vertebral fracture is mandatory in patients
receiving glucocorticoids. Basically, GIOP is diagnosed
using the "treatment intervention criteria for management
and prevention" instead of the "diagnostic criteria." It is
ideal for pre-fracture treatment.

CQ 5: What is the guidance on lifestyle
and nutrition for patients with GIOP?

[Recommendation] (1) It is recommended to prioritize the
treatment of the primary disease, which is the reason for
the administration of GCs, and to guide lifestyle, includ-
ing nutrition, according to the disease characteristics of the
primary disease.

Evidence level: D; recommendation grade: 1;
consensus level: 9.0

(2) It is recommended to guide lifestyle and nutrition accord-
ing to the Japanese guidelines for preventing and treating
osteoporosis.

Evidence level: D; recommendation grade: 1;
consensus level: 9.0

Primary disease activity, organ dysfunction (e.g., the kid-
ney), menopause, low body mass index (BMI), advanced
age, recumbency, and dysfunction enhance osteoporotic
changes. GC therapy should improve primary disease activ-
ity. However, case-by-case evaluation is important because
of the additional impacts of GCs on calcium and bone
metabolism. Exercise and nutritional interventions, includ-
ing calcium and vitamin D supplementation, are necessary
to maximize therapeutic agent benefits [Suppl. Ref. 66-95].
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CQ 6: What are the criteria for initiating drug
therapy for GIOP?

[Recommendation] It is recommended to use the cut-off
scores described in the “Guidelines on the management and
treatment of GIOP of the JSBMR: 2014 update" as the cri-
teria for initiating drug therapy for GIOP.

Evidence level: C; recommendation grade: 1;
consensus level: 9.0

The 6 articles extracted by systemic literature review were
used as the basis for the narrative review. No clear interven-
tion threshold based on FRAX® for initiating drug therapy
has been determined in Japan. However, when the 2014
revised guidelines were prepared, risk factors for fractures
were extracted by analyzing three cohort studies on Japa-
nese patients and weighted based on parameter estimates to
develop a scoring system and to determine cut-off values [7].
Thus, using the cut-off scores described in the 2014 revised
guidelines as the criteria for initiating drug therapy for GIOP
is strongly recommended [Suppl. Ref. 96-110].

CQ 7: Are active vitamin D preparations
useful for treating GIOP?

[Recommendation] Active vitamin D preparations, such
as eldecalcitol, are recommended because they effectively
increase the bone mineral density of the lumbar spine and
prevent non-vertebral fractures in patients scheduled to
receive GC therapy and patients receiving GC therapy.

Evidence level: B; recommendation grade: 1;
consensus level: 8.0

Of the extracted literature, 197 articles were selected for
primary screening and 25 articles were selected for second-
ary screening. Finally, 9 papers were selected as literature
eligible for recommendation and network meta-analysis,
meta-analysis, and results of RCTs and comparative clinical
trials (CCTs) were integrated and described as a systematic
review (Suppl Fig. 1).

One RCT demonstrated that alfacalcidol increased femo-
ral neck bone mineral density better than natural vitamin D.
Eldecalcitol increased lumbar spine, proximal femur, and
femoral neck bone mineral density than alfacalcidol in mul-
tiple RCTs and meta-analysis. Thus, the recommendation
grade was 1 for active vitamin D preparations such as elde-
calcitol in patients receiving and those scheduled to receive
GC therapy [Suppl. Ref. 111-127].

CQ 8: Are bisphosphonates useful
for the treatment of GIOP?

[Recommendation] Bisphosphonates are recommended for
patients scheduled to receive GC therapy or patients receiv-
ing GC therapy because there is evidence for the effects of
bisphosphonates in increasing the bone mineral density of
the lumbar spine and femur and preventing vertebral and
non-vertebral fractures.

Evidence level: A; recommendation grade: 1;
consensus level: 9.0

Of the extracted literature, 372 articles were selected for pri-
mary screening and 149 articles were selected for secondary
screening. Finally, 7 articles were selected for the recom-
mendation, including 5 RCTs, were integrated and described
as a systematic review (Suppl Fig. 2).

Alendronate and risedronate were recommended at grade
A in the 2014 revised guidelines [7], but there was no new
negative evidence; therefore, the current recommendation
grade is 1. The recommendation grade was high because an
RCT involving young participants demonstrated that rise-
dronate increased lumbar spine bone mineral density bet-
ter than alfacalcidol. A Japanese RCT demonstrated that a
combination of minodronate and alfacalcidol significantly
increased lumbar spine and proximal femur bone mineral
density more than alfacalcidol alone. The recommendation
grade for this combination was 2. Ibandronate was superior
to placebo in multiple RCTs, and its intravenous formula-
tion temporarily prevented vertebral fractures. The recom-
mendation grade for ibandronate was 1. Multiple RCTs and
meta-analyses demonstrated that zoledronate significantly
increased vertebral body bone mineral density than placebo
or risedronate. The recommendation grade for zoledronate
was 1 [Suppl. Ref. 128—135].

CQ 9: Are selective estrogen receptor
modulators useful for the treatment
of GIOP?

[Recommendation] Although there is no evidence that selec-
tive estrogen receptor modulators (SERMs) are effective for
preventing vertebral or non-vertebral fractures in postmeno-
pausal women at risk of GIOP, they are effective for increas-
ing the bone mineral density of the lumbar spine and femur.
Thus, the use of SERMs is proposed.

@ Springer
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Evidence level: C; recommendation grade: 2;
consensus level: 8.1

Of the extracted literature, 38 articles were selected for pri-
mary screening and 12 articles were selected for secondary
screening. Finally, 8 papers were selected as literature eligi-
ble for recommendation and network meta-analysis, meta-
analysis, and results of RCTs and comparative clinical trials
(CCTs) were integrated and described as a systematic review
(Suppl Fig. 3).

Regarding the use of SERMs for treating GIOP, two articles
on meta-analyses showed that SERMs effectively increased the
bone mineral density of the lumbar spine and femur, whereas
RCTs provided no clear evidence for the preventive effect on
vertebral or non-vertebral fractures. Thus, the evidence level
was determined to be C, and the recommendation grade was
determined to be 2 [Suppl. Ref. 136—-143].

CQ 10: Are parathyroid hormone 1 receptor
agonists useful in treating GIOP?

[Recommendation] Parathyroid hormone (PTH) 1 receptor
agonists are recommended for patients at high risk of frac-
tures because these agonists can be expected to be effective
in increasing the bone mineral density of the lumbar spine
and preventing vertebral fractures in patients scheduled to
receive GC therapy and patients receiving GC therapy.

Evidence level: B; recommendation grade: 1;
consensus level: 8.8

Of the extracted literature, 229 articles were selected for pri-
mary screening and 24 articles were selected for secondary
screening. Finally, 11 articles were selected for the recom-
mendation, including 7 RCTs, 2 network meta-analysis, 1
meta-analysis, and 1 cohort, were integrated and described
as a systematic review (Suppl Fig. 4).

A recombinant teriparatide has been shown to increase
bone mineral density in lumber spine and proximal femurs
significantly more than alendronate and to prevent vertebral
fractures in meta-analyses and network meta-analyses that
examined both primary and secondary prevention. Based on
multiple network meta-analyses comparing the usefulness
of drugs in patients with GIOP, a recombinant teriparatide
has been shown to be the most effective drug for preventing
vertebral fractures. Teriparatide acetate has been demon-
strated to significantly increase the bone mineral density of
the lumbar spine in both primary and secondary prevention
of GIOP. Considering that PTH]1 receptor agonists are indi-
cated for treating patients with primary osteoporosis who
have high risk of fracture, and high prices of these drugs, the
PTHI receptor agonists are also recommended for patients
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with GIOP who have similarly high risk of fragility frac-
tures. Thus, the evidence level was B, and the recommenda-
tion grade was 1 [Suppl. Ref.144—154]. The usefulness of
abaloparatide for the treatment of GIOP cannot be deter-
mined because of the lack of studies.

CQ 11:Is an anti-RANKL antibody useful
for the treatment of GIOP?

[Recommendation] An anti-RANKL antibody should be
administered to patients scheduled for or receiving GC
therapy to increase lumbar spine and femur bone mineral
density and prevent vertebral fractures.

Evidence level: B; recommendation grade: 1;
consensus level: 8.9

Of the extracted literature, 119 articles were selected for
primary screening and 65 articles were selected for sec-
ondary screening. Finally, 14 articles were selected for the
recommendation, including 4 RCTs on a bisphosphonate, 2
network meta-analysis, were integrated and described as a
systematic review (Suppl Fig. 5).

Denosumab, an anti-RANKL antibody, showed signifi-
cant differences in meta-analyses and RCTs on a bisphos-
phonate, and the effects of the antibody for preventing verte-
bral fractures and increasing the bone mineral density of the
femur seemed to outweigh the safety issues, such as atypical
femur fractures and osteonecrosis of the jaw. Therefore, the
recommendation grade was 1. However, the evidence level
was B because of the small number of available studies, the
small scale of the studies, and the use of bisphosphonates as
a control. In Europe and the United States, the drug price of
denosumab is much more expensive than in Japan, which is
disadvantageous for medical economics there [Suppl. Ref.
155-159]. In Japan, where the drug price of denosumab is
almost the same as that of bisphosphonates and is cheaper
than PTH]1 receptor agonists, denosumab can be strongly
recommended.

CQ 12:1Is an anti-sclerostin antibody useful
for the treatment of GIOP?

[Recommendation] No studies on the efficacy of an anti-
sclerostin antibody for treating GIOP have yet been pub-
lished. Thus, no clear recommendations can be made. This
is a future study research [Suppl. Ref. 160—163].

Because no clinical studies using an anti-sclerostin antibody
have been conducted on the prevention and treatment of GIOP,
the guideline revision committee could not make clear recom-
mendations (Suppl Fig. 6). This is a future study issue.
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CQ 13: Are the above-described drugs
different in terms of usefulness?

[Recommendation] Recombinant teriparatide and an anti-
RANKL antibody are more effective than bisphosphonates
for preventing vertebral fractures. The use of the former
drugs is recommended. Recombinant teriparatide is recom-
mended for patients at high risk of fractures.

Evidence level: B; recommendation grade: 1;
consensus level: 8.0

Of the extracted literature, 302 articles were selected for
primary screening and 57 articles were selected for second-
ary screening. Finally, 4 meta-analyses were selected for the
recommendation, were integrated and described as a system-
atic review (Suppl Fig. 7).

Based on multiple network meta-analyses comparing
the usefulness of drugs in patients with GIOP, teriparatide
and denosumab were more effective than bisphosphonates
for preventing vertebral fractures. A recombinant teripara-
tide was efficacious, particularly in patients at high risk of
fractures. However, studies on non-vertebral fractures have
shown no risk reduction effect because of insufficient sample
size and other factors, and few studies have examined the
adverse events and tolerability [Suppl. Ref. 164—-167].

CQ 14: How is GIOP prevented and treated
in children?

[Recommendation] Bisphosphonates are proposed for pre-
venting and treating GIOP in children.

Evidence level: D; recommendation grade: 2;
consensus level: 8.0

Of the extracted literatures, 6 articles were selected as the
basis for the narrative review. Despite limited evidence for
GIOP in children, small-scale RCTs have been conducted.
The recommendation grade was 2. The calcium requirement
is relatively high in the growth phase, and GCs significantly
impact bone metabolism. However, bone formation is active,
and there have also been reports of cured cases of verte-
bral fractures. Thus, children cannot be treated in the same
manner as adults. Growth disorders due to GCs, in addi-
tion to GIOP, is also a significant problem in autoimmune
diseases (e.g., juvenile idiopathic arthritis), connective tis-
sue diseases, nephrotic syndrome, hematologic malignancy,
bronchial asthma, inflammatory bowel disease, and other
diseases for which GCs are administered at pharmacologi-
cal doses. The treatment strategies for growth disorders due
to GC therapy are reducing GC doses and discontinuing

or scheduled to receive GC therapy

receiving glucocorticoid (GC) therapy for >3 months

Risk factors Score
General guidance
Prior fragility No 0
l fractures
Assess clinical risk factors and es 7
calculate individual patient’s score E> Age (years) <50 0
(prior fragility fracture, Age, GC dose, BMD)
50< <65 2
} } >65 4
score >3 | score <3 I <:| GC dose <5 0
(PSL equivalent
mg/day) 5<<7.5 1
v
>7.5 4
Treatment Follow-up
bisphosphonate (oral or injection) Assess clinical risk BMD >80 0
anti-RANKL antibody factors by calculating (%YAM)
type 1 parathyroid hormone receptor agonist || score 70< <80 2
active vitamin D
selective estrogen receptor modulator <70 4

Fig.1 The 2023 Guidelines for the Management and Treatment of Glucocorticoid-induced Osteoporosis published by the Japanese Society for
Bone and Mineral Research. BMD bone mineral density, GC glucocorticoid, PSL prednisolone, YAM young adult means
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GC therapy (switching to other drug products) [Suppl. Ref.
168-175].

CQ 15: How is GIOP prevented and treated
in elderly patients?

[Recommendation] In elderly patients, intervention with
anti-osteoporotic drugs in combination with GC therapy is
recommended to prevent fractures.

Evidence level: D; recommendation grade: 1;
consensus level: 8.1

Evidence was limited for treating and managing GIOP in
elderly patients aged > 65 years. Based on Japanese cohort
studies, the hazard ratio of fractures in patients aged > 65
years is approximately twice higher than that in patients <50
years used as a reference. In elderly patients, because osteo-
porotic changes are promoted by factors such as organ
dysfunction (e.g., the kidney), low BMI, advanced age,
recumbency, immobility, and menopause, it is clear that GC
therapy further increases the risk of fractures. Thus, inter-
vention with anti-osteoporotic drugs was strongly recom-
mended for older patients who would receive GC therapy
for >3 months after consideration of the background and
characteristics of individual older patients. It is clear that
the most important thing is to avoid the use of GCs in the
elderly patients. [Suppl. Ref. 176-188].

CQ 16: How is GIOP prevented and treated
in women of childbearing age?

[Recommendation] (1) It is recommended to guide lifestyle
and nutrition to women of childbearing age who are sched-
uled to receive GC therapy and those who are receiving GC
therapy, according to Guidelines on the management and
treatment of GIOP of the JSBMR: 2014 update.

Evidence level: D; recommendation grade: 1;
consensus level: 8.3

(2) It is recommended that bisphosphonates, an anti-RANKL
antibody, and PTH1 receptor agonists should not be admin-

istered to pregnant or breastfeeding women for the treatment
of GIOP.

Evidence level: D; recommendation grade: 4;
consensus level: 8.3

There are no published analytical epidemiological studies

or randomized/non-RCTs exclusively targeting women of
childbearing age with GIOP, and the evidence levels of all

@ Springer

available studies are limited. Of the extracted literatures, 8
articles were selected as the basis for preparing the recom-
mendations. The CQ was prepared based on a comprehen-
sive narrative review of studies, including a subgroup of
premenopausal women, reviews, and guidelines. Mainte-
nance of a healthy lifestyle for prevention is recommended
in grade 1. In principle, it is recommended that no drug
therapy should be administered to pregnant or breastfeeding
women. The recommendation grade for this was 4. When it
is necessary to administer drug therapy to fertile women at
moderate or high risk of fractures, oral bisphosphonates and
teriparatide are used as the first-line and second-line drugs,
respectively [Suppl. Ref. 189-193].

CQ 17: What is the surgical treatment
of fragility fractures associated with GIOP?

[Recommendation] For surgical treatment of fragility frac-
tures attributable to GIOP, treatment strategies according
to the treatment of primary osteoporosis are recommended.

Evidence level: D; recommendation grade: 1;
consensus level: 8.1

Typical osteoporotic fragility fractures are vertebral frac-
tures and hip fractures. Other major osteoporotic fractures
include distal radius fractures and proximal humerus frac-
tures. Patients with GIOP are at high risk of fractures and
may need surgery. There is no clear evidence on surgical
treatment frequency and outcomes, specifically in patients
with GIOP; however, many guidelines recommend that
appropriate surgical treatment of proximal femur fractures
and others improve the function. Thus, the selection of treat-
ment strategies according to these guidelines is important
[Suppl. Ref. 194-196].

Conclusion

The Committee on the revision of the guidelines for the man-
agement and treatment of GIOP of the JSBMR prepared 17
CQs according to the GRADE approach and developed the
"2023 guidelines for the management and treatment of GIOP"
through systematic reviews and consensus conferences using
the Delphi method. These guidelines recommended the use of
bisphosphonates (oral and injectable formulations), an anti-
RANKL antibody, teriparatide, eldecalcitol, or SERMs, in
addition to general guidance for patients scheduled to receive
GC therapy and patients receiving GC therapy, if their risk
factor scores are calculated to be >3 points by the algorithm
described in the 2014 revised guidelines (Fig. 1). Further-
more, osteoporosis medication should be done concomitantly
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with the GC therapy for the prevention of fragility fracture in
elderly patients.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00774-024-01502-w.
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