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Glucocorticoid-induced osteoporosis (GIOP) leads to fractures in up to 40% of patients
with chronic glucocorticoid (GC) therapy when left untreated. GCs rapidly increase
fracture risk, and thus many patients with anticipated chronic GC exposures should
start anti-osteoporosis pharmacotherapy to prevent fractures. In addition to low
awareness of the need for anti-osteoporosis therapy among clinicians treating patients
with GCs, a major barrier to prevention of fractures from GIOP is a lack of clear guideline
recommendations on when to start and stop anti-osteoporosis treatment in patients with
GC use. The aim of this narrative review is to summarize current evidence and provide
considerations for the duration of anti-osteoporosis treatment in patients taking GCs
based on pre-clinical, clinical, epidemiologic, and pharmacologic evidence. We review the
pathophysiology of GIOP, outline current guideline recommendations on initiating and
stopping anti-osteoporosis therapy for GIOP, and present considerations for the duration
of anti-osteoporosis treatment based on existing evidence. In each section, we illustrate
major points through a patient case example. Finally, we conclude with proposed areas
for future research and emerging areas of interest related to GIOP clinical management.

Keywords: glucocorticoid-induced osteoporosis, glucocorticoids, bone fractures, bone density, anti-resorptive
treatment, bone density conservation agents, bisphosphonates, teriparatide
INTRODUCTION

Glucocorticoids (GCs) are potent immunosuppressive and anti-inflammatory medications with a
host of beneficial and negative effects (1). GCs are commonly prescribed to reduce inflammation
and to suppress the immune system for a broad spectrum of indications, including chronic lung
disease, inflammatory arthritis, connective tissue disease, and organ transplantation. As such, GC
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use is prevalent globally: at any time, 1.0 to 4.6% of UK and US
adults (up to 13.7 million persons, collectively) are taking oral
GCs, and 27% to 65% of these patients will receive long-term (≥3
months) GC treatment (2–6). GCs are essential medications, but
chronic GC use has detrimental effects, including metabolic
disorders [e.g., type 2 diabetes mellitus (7)]; impaired wound
healing (8); increased risk of infection (9); and glucocorticoid-
induced osteoporosis (GIOP), the most common cause of
secondary osteoporosis (10). GCs effects on bone health are
potent, and they increase fracture risk independently of other
risk factors like low bone mineral density (BMD) (11). Untreated
GIOP can lead to debilitating fractures that cause morbidity, with
reduced quality-of-life, mortality, and healthcare costs (12–14).
Up to 40% of patients who have GC use longer than 3 months
will experience a vertebral fracture (15). Thus, anti-osteoporosis
treatment is indicated for patients on long-term GC therapy to
preserve bone health and reduce fracture risk. Many
pharmacologic therapies for primary osteoporosis, like
antiresorptive treatments and teriparatide, have evidence of
anti-fracture benefits in patients with GIOP (16–18).

Unfortunately, GIOP is underdiagnosed and undertreated (6,
19–23). In one population-based US study from 2006, only half
of all postmenopausal women with long-term GC use received
anti-osteoporosis treatment, and this proportion decreased to 5%
for women less than 50 years of age and men (6). A more recent
investigation found only 42% of US patients with chronic
conditions warranting glucocorticoid exposure received any
osteoporosis monitoring or treatment (24). Lack of awareness
of the fracture risk caused by GC use limits appropriate initiation
of anti-osteoporosis therapy (25, 26). In addition, an urgent focus
on management of the condition for which GCs are prescribed
(e.g., active rheumatoid arthritis [RA]), which may include a
plethora of tests and examinations to assist in diagnosis and
symptom improvement, may also contribute to poor anti-
osteoporosis treatment levels. Fortunately, some interventions
have shown to substantially improve uptake of therapy to
prevent GIOP and fractures: a recent educational program in
the UK improved the proportion of patients on chronic GCs who
were indicated for therapy from 25 to 92% (27). Other
educational interventions have improved treatment, yet to a
lesser degree (28). However, even among clinicians aware of
the risk of GIOP, appropriate treatment is largely hindered by a
lack of clear evidence and recommendations regarding
populations that are indicated for GIOP therapy and when to
start and stop treatment to prevent GC-induced fractures.

The aim of this narrative review is to summarize current
evidence and provide considerations for the initiation and
discontinuation of anti-osteoporosis therapy for patients taking
systemic GCs based on pre-clinical, clinical, epidemiologic, and
pharmacologic evidence. Inhaled GCs or GC replacement (i.e.,
Addison’s disease) are not considered in this review. We first
provide an overview of GIOP pathophysiology, review current
guideline recommendations for anti-osteoporosis therapy
initiation among patients with long-term GC use, and present
considerations regarding the discontinuation of anti-
osteoporosis treatment for GIOP. We use a mock patient case
Frontiers in Endocrinology | www.frontiersin.org 2
to illustrate the key points and clinical debates that exist
throughout the review. We then conclude with proposed areas
for future research and emerging topics of interest related to
GIOP clinical management. The main points of this article are
presented graphically in Figure 1.
PATHOPHYSIOLOGY AND
EPIDEMIOLOGY OF GIOP

Patient Case: Part 1
Your patient is a 45-year-old Caucasian pre-menopausal female
(pronouns: she/her) living in Canada who has been recently
diagnosed with systemic lupus erythematosus (SLE) with
musculoskeletal and mucocutaneous involvement and a SLE
Disease Activity Index (SLEDAI) of 6, indicating moderate
disease activity (29). You initiate hydroxychloroquine (HCQ)
therapy and a tapering course of prednisone 15 mg per day,
reduced by 2.5 mg weekly down to 2.5 mg prednisone per day. A
6-week follow-up visit is scheduled. Your patient has no other
chronic conditions or prior fractures, does not smoke, consumes
2 alcoholic drinks per week, and has a BMI of 23.

Should you initiate anti-osteoporosis therapy for this patient
at her initial appointment? Do you need additional investigations
(e.g., dual-energy X-ray absorptiometry [DXA] scan)?

GIOP Pathophysiology
GCs increase fracture risk through a variety of mechanisms. Like
the pathogenesis of primary osteoporosis, GCs induce an
imbalance in the bone remodeling cycle governed by
osteoclasts and osteoblasts that break down and build bone,
respectively (30). Bone loss from GC exposure occurs in two
major time periods: a rapid initial phase where approximately 2-
9% of the BMD is lost within the first six months depending on
GC dose, with a steady reduction in BMD of about 0.5% to 2%
annually during continued treatment (11, 31–35). GCs decrease
BMD in trabecular bone, mainly in the vertebrae and femoral
neck, to a greater extent than in other types of bone (11, 36).
Initially, GCs appear to induce a transient excess of bone
resorption. GCs extend the lifespan of osteoclasts through
upregulation of receptor activator nuclear factor kappa-B
ligand (RANKL) while suppressing osteoprotegerin (OPG) in
osteogenic cells and suppression of apoptosis signals (37, 38).
Thereafter, GCs cause their most profound negative effects on
bone formation and quality (39) by reducing pro-osteogenic
gene expression and suppressing osteoblast differentiation and
proliferation, inducing apoptosis in osteoblasts and osteocytes,
and increasing osteocyte autophagy (40). GCs also disrupt the
function of bone marrow stromal cells (41), preventing their
subsequent maturation to osteoblasts and osteocytes (42).
Comprehensive reviews with further details of in vitro and in
vivo studies of glucocorticoid effects on bone cell function have
been recently published (39, 43).

GCs appear to increase fracture risk beyond their effects on
bone turnover and BMD. The independence of fracture risk from
BMD changes is even more profound for GIOP than primary
December 2021 | Volume 12 | Article 782118
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osteoporosis. Multiple randomized controlled trials (RCTs) have
demonstrated that patients taking GCs had a significantly higher
vertebral fracture risk compared to similar patients with primary
osteoporosis and the same BMD values (31, 32, 44, 45). A meta-
analysis of epidemiologic studies showed that the BMD changes
seen at the spine and hip among GC users would correlate to an
expected relative risk of vertebral and hip fracture of 1.48 and
1.41, respectively, in patients with primary osteoporosis (45);
however, the observed relative risks for vertebral and hip fracture
were 2.40-3.05 and 1.54-2.34, respectively, depending on the
patient’s cumulative GC exposure (11). To account for the
poorer correlation between BMD and fracture risk in GIOP,
10-year fracture probabilities from the fracture risk assessment
(FRAX) tool are often increased by a factor of 1.15 to 1.20 for
patients currently exposed to 7.5 or more milligrams (mg) of
prednisone equivalents per day (prednisone equivalent daily
dose; henceforth, DD) (46). The disparity between the
predicted and observed fracture risk in patients taking GCs
compared to primary osteoporosis is often attributed to GC
effects on bone quality, though mechanisms for this effect are
unclear. The extension of osteoclast cell lifespans by GCs may
Frontiers in Endocrinology | www.frontiersin.org 3
impair osteoclast functioning long-term (47), reducing rates of
bone turnover and potentially resulting in lower bone quality.
GCs also affect the mineralization of bone by reducing expression
of bone matrix proteins, and GC effects on osteoblasts likely
reduce bone quality as well (30).

Fracture Risk Associated With GC Use:
Effects of Daily and Cumulative Dose
GC use strongly increases fracture risk, with highest observed
effects on vertebral fractures (48). Compared to matched
controls, patients on any dose of long-term GC therapy have
an average 3-times higher risk of vertebral fracture and a 2-times
higher risk of hip fractures (11). As in primary osteoporosis,
vertebral fractures can be asymptomatic and not come to clinical
attention. Up to 40% of patients taking chronic GCs have an
asymptomatic vertebral fracture, and 14% have two or more
asymptomatic fractures (15).

Dose-dependent effects ofGCsonboneare alsowell-established.
A large observational UK cohort study found that hip fracture risk
was 2.21-times higher among those taking 7.5 mg or more per day
versus GC users taking less than 2.5 mg per day (11). This dose-
FIGURE 1 | Graphical representation of the main points presented in this article.
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dependent relationship was even more profound for vertebral
fracture, where the risk among those taking 7.5 mg or more per
daywas2.83-timeshighercompared to those taking less than2.5mg
perday.Even low-dose chronicGCtherapy (<2.5mgperdayDD) is
associated with a 1.5-times increased vertebral fracture risk
compared to no use (11). Low doses do not appear to affect hip
fracture risk (relative rate 0.99 [95% CI 0.85 to 1.20]) (11). A more
recent study confirmed that, after confounder adjustment, GC
doses below 7.5 mg per day DD independently increased the risk
of clinical vertebral fractures (HR 1.59 [95% CI 1.11-2.29]) with
strong dose-response effects, but no association with overall
osteoporotic fracture risk was found (49).

Cumulative GC exposure also appears to affect fracture risk
independently of theDD.Acase control studyofDanish data found
that, compared to never-users, a high DD (≥15 mg) and high
cumulative dose (≥1 gram prednisone equivalent cumulative dose
[CD]) were independently associated with hip fractures (adjusted
odds ratio [ORadjusted] for DD ≥15 mg: 1.64 [95% CI 1.54 -1.74];
ORadjusted for CD ≥1 gram: 2.50 2.19-2.85)] and clinical vertebral
fractures (ORadjusted for DD ≥15 mg: 3.75 [95% CI 2.97 to 4.77]);
ORadjusted for CD ≥1 gram: 2.57 [95% CI 2.30 to 2.87]) (50). Those
with both high DD and high CD were at greatest risk (DD ≥15 mg
andCD≥1 gram: ORadjusted for clinical vertebral fracture 4.36 [95%
CI 3.32-5.72] and hip fracture ORadjusted 2.94 [95% CI 2.52-3.43])
(50). Another study found that intermittent high-dose GC without
high cumulative exposure (≥15 mg/day DD but <1 gram total CD)
was associatedwith amodest increased risk invertebral fracture and
no other fracture risk, but the risk of all types of fracture increased
dramatically if the patient had cumulative GC exposures ≥1 gram
(51). Similarly, another population-based Danish case-control
study illustrated that among patients with COPD, intermittent
high dose GC use (≥15 mg DD) was only associated with
osteoporotic fracture risk when the CD exceeded 1 gram (52). In
a population-based US study, a subgroup of patients less than 50
years of age only experienced a higher risk offracture after receiving
aCDof 1350mg or higher (24). Conversely, in theCPRDstudy, the
association between CD and fracture was nullified after accounting
for the DD, age, and other potential confounders (11). However, a
high DD and a CD greater than 5 grams was associated with a
profound increase in all fracture risk compared to prior periods of
no exposure (vertebral fractures: RR 14.42 [95% CI 8.29 to 25.08];
hip fractures: RR 3.13 [95% CI 1.49 to 6.59]) (11).

GCs may also indirectly increase fracture risk through other
mechanisms. GCs induce muscle atrophy by reducing protein
synthesis (30). Decreased muscle strength and insufficient balance
can thus lead to falls and increase impact of a fall, particularly in
older adults (53–55). GCs also impair gastrointestinal and renal
reabsorption of calcium and may result in hypocalcemia and
subsequent disruption of the bone turnover cycle (56), though
evidence on whether these changes have clinical impacts remains
controversial (57). Finally, some diseases that GCs are used to
manage and treat (e.g., RA) have detrimental effects on bone from
chronic inflammation (58, 59). It is still uncertainwhether there is a
tolerable dose of GCs for those with severe conditions that may
prevent disease-induced bone loss while avoiding increasing risk
through the aforementionedmechanisms either through lowdoses,
Frontiers in Endocrinology | www.frontiersin.org 4
intermittent use, or concurrent use of anti-osteoporosis therapies
(59). For example, two prospective studies in SLE patients showed
that a DD of less than 7.5 mg was not associated with bone loss in
these patients (60, 61); however, these low GC doses have been
consistently demonstrated to increase vertebral fracture risk in
other populations, so this topic remains controversial (11, 49).

Patient Case: Part 1 Response
At her initial appointment, anti-osteoporosis treatment is not
indicated for MP, and no DXA scan is needed at this stage. First,
the target prednisone DD (2.5 mg) and estimated CD after 6
weeks (367.5 mg) are below thresholds where fracture risk
increases in patients younger than 50 years of age (7.5 mg DD
per day and 1-1.350 g total CD) (11, 24, 49). Next, as GC
treatment is planned to be used as bridging therapy until HCQ is
anticipated to take effect, we can anticipate that MP will receive
fewer than 3 months of GC exposure and therefore is at lower
risk of fracture (11). Finally, outside of her GC exposure, due to
young age and no other major fracture risk factors (e.g., no recent
fragility fracture or prior vertebral fractures), she has an overall
low fracture risk (FRAX score estimating a 4.5% risk of
sustaining a major osteoporotic fracture over the next 10 years).
STARTING TREATMENT TO PREVENT GIOP

Patient Case: Part 2
At her 6-week follow-up appointment, your patient reports that
her joint symptoms have worsened. She has ongoing mouth
ulcers and she reports pleuritic chest pain. In addition, she is
found to have proteinuria, low complement levels, and elevated
double-stranded DNA antibody levels resulting in a high
SLEDAI score (16). You decide to initiate azathioprine as
adjunct treatment to HCQ and increase her prednisone dose to
40 mg daily for 1 month with subsequent reduction to a
maintenance dose of 10 mg daily thereafter until her
symptoms are better managed and disease score reduced. The
patient also undergoes a DXA scan, and her femoral neck BMD
T-score is -1.6. Her updated calculated FRAX score suggests a
6.1% probability of sustaining a major osteoporotic fracture in
the next 10 years.

Should you initiate anti-osteoporosis therapy at this visit?

GIOP-induced Fracture Risk at
Treatment Onset
Evidence suggests that bone loss and fracture risk increases
rapidly following GC initiation (62). A meta-analysis of ten
observational studies showed that the largest decrease in BMD
occurs in the first three months of GC treatment among first-
time users, regardless of daily dose (11). When considering
fracture risk, RCTs have shown an elevated vertebral fracture
risk in the first year after GC therapy initiation (21–25), while
population-based studies have found that fracture risk occurs
within three to six months after initiation (8, 20). One
observational study demonstrated a heightened fracture risk in
the first 30 days after GC initiation among adult patients less
December 2021 | Volume 12 | Article 782118
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than 65 years of age using a self-controlled case series design
(62). The exact onset of fracture risk may also differ between
patients with varying baseline fracture risk.

While fracture risk remains heightened in users of GCs
throughout treatment, both fracture risk and the rate of bone
loss appear to stabilize after the first six to 12 months of
exposure, even among those receiving high GC doses (2, 11).
This pattern of risk may be due to the biphasic effects of GCs on
bone. The rapid increase in fracture risk in the first months of
GC exposure likely results from the initial rapid increase in bone
resorption due to enhanced osteoclast activity that results in a
negative uncoupling between bone formation and bone
resorption phases (63). This early phase is paralleled by a
second, more progressive phase where bone formation is
hampered (40, 64). Longitudinal gene expression profile
studies have indeed shown an early induction of genes related
to osteoclast function followed by a long-lasting suppression of
genes related to osteoblasts (65). Thus, the sustained, but stable,
fracture risk after the initial period likely results from the long-
term effects of glucocorticoids on osteoblast proliferation
and function.

Current Treatments for GIOP
Current therapies approved for the treatment of glucocorticoid-
induced osteoporosis in most jurisdictions include oral
bisphosphonates (21–23); intravenous bisphosphonates (24),
primarily zoledronic acid; denosumab (66–68); and anabolic
agents (18), primarily teriparatide (44, 69). Most therapies
were approved to treat GIOP primarily on the basis of BMD
bridging studies (70), with larger trials suggesting anti-fracture
effectiveness thereafter (16, 17, 69). Oral bisphosphonates have
been shown in multiple trials and population-based studies to be
associated with a significantly reduced fracture risk in GC users
(e.g., HR 0.58 [95% CI 0.51 to 0.66] for vertebral fractures and
HR 0.71 [95% CI 0.57 to 0.89] for nonvertebral fractures) (17).
Zoledronic acid is superior to risedronate in BMD benefits (34).
Teriparatide has robust evidence for its anti-fracture benefits
(44), and appears to be even more effective in GIOP than primary
osteoporosis in preventing vertebral fractures (69), perhaps due
to GC effects on bone formation (59). Teriparatide also has
evidence that it is more effective than alendronate, zoledronic
acid, and risedronate in increasing BMD and preventing
vertebral fractures (16, 44, 71). Denosumab, a monoclonal
antibody with anti-resorptive effects, has superior effects on
BMD over 24 months as compared to risedronate (67), though
fracture rates and adverse effects were not statistically different
between denosumab and risedronate. A comprehensive
summary of evidence of the effectiveness of therapies for GIOP
on fractures, BMD, and bone turnover has been recently
published (18).

Clinical Guideline Recommendations for
Starting Treatment to Prevent GIOP: Who
to Treat and Which Therapy
Current international clinical guidelines differ in their
assessment of who is indicated for anti-GIOP therapy (the
Frontiers in Endocrinology | www.frontiersin.org 5
American College of Rheumatology [ACR, 2017] (72); the
International Osteoporosis Foundation and European Calcified
Tissue Society [IOF-ECTS, 2012] (73); Royal College of
Physicians, National Osteoporosis Society, and Bone and
Tooth Society [RCP, 2002] (74); and the UK National
Osteoporosis Guideline Group [NOGG, 2017]) (75). A
summary of recommendations from international clinical
guidelines is presented in Table 1, with the ACR 2017 fracture
risk criteria available in Table 2. Generally, all recommend that
patients initiating ≥3 months of any dose of GC therapy and who
have experienced a prior fragility fracture should start anti-
osteoporosis therapy, regardless of age or GC dose. Similarly,
for those without a prior fracture, fracture risk assessments that
account for clinical risk factors (e.g., age, sex, GC dose) or
estimate a GC-adjusted fracture probability (such as that
derived from FRAX) are recommended to determine whether
treatment is indicated. However, thresholds for treatment are
heterogenous between guidelines, potentially from a lack of
evidence examining the anti-fracture benefits of GIOP
treatment among patients with varying fracture risk factors.
Similarly, the guidelines differ in how patients are categorized
as high versus low fracture risk. Nevertheless, all recommend
starting therapy as soon as possible for those who are indicated
based on evidence from pharmacologic and observational
studies; however, only the ACR guidelines explicitly suggest
undertaking a BMD measurement within three to six months
of initiation as part of fracture risk assessment (72).

Despite general agreement that anti-osteoporosis medications
should be initiated in patients at high fracture risk, the current
guidelines do not consistently recommend certain therapies over
others for GIOP patients. Only the ACR guideline explicitly
recommends initiating oral bisphosphonates (in addition to
calcium and vitamin D supplementation) over other anti-
osteoporosis treatments (72). The IOF-ECTS and NOGG
guidelines suggest that oral bisphosphonates can be considered
for first-line therapy in GIOP patients (73, 75). The RCP
guidelines do not suggest or recommend a certain therapy for
GIOP (74).

Oral bisphosphonates are justified in the ACR guidelines as
the preferred first-line therapy for the prevention of fractures in
GIOP due to their robust effectiveness, oral formulation, low
cost, well-characterized safety profile in immunosuppressed
patients, and lack of evidence showing that other therapies
have superior anti-fracture (not BMD) effectiveness (72).
Zoledronic ac id , denosumab, and ter iparat ide are
recommended by ACR as second-line treatment if oral
bisphosphonates are not effective or not tolerated (72).
However, there is increasing clinical trial and observational
evidence that teriparatide is superior to oral bisphosphonates
in preventing vertebral fractures in GC-naïve and GIOP patients
with severe spinal osteoporosis (44, 76, 77). Additionally,
considering the pathophysiology of GIOP is driven by effects
on osteoblasts, teriparatide is a particularly attractive treatment
option as it stimulates bone formation (77). We therefore suggest
that teriparatide may be considered as first-line therapy in
patients at high risk of vertebral fractures (e.g., with a recent
December 2021 | Volume 12 | Article 782118
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vertebral fracture or very low vertebral BMD). Teriparatide
therapy is limited to 24 months in many jurisdictions and
should be followed up with antiresorptive treatment (78). We
also acknowledge that the use of teriparatide may be limited by
Frontiers in Endocrinology | www.frontiersin.org 6
cost, its required daily injections and its contraindications such
as a prior history of skeletal malignancy or radiotherapy (79).
Denosumab may not be a preferred first-line option for GIOP, as
discontinuation is associated with a rapid loss of effectiveness
TABLE 1 | Summary of guideline recommendations on anti-osteoporosis treatment for adults with glucocorticoid use.

Guideline Populations to be treated with an
anti-osteoporosis therapy

Treatment start Treatment duration

2017 American College of
Rheumatology Guideline for the
Prevention and Treatment of
Glucocorticoid-Induced
Osteoporosis (72) (ACR 2017)

Adults aged ≥40 years at moderate risk** of
fractureC

Fracture risk screening and potential
treatment initiation as soon as possible, but
max within 6 months of GC initiation for all
patients with anticipated long-term GC
treatment (≥3 mo)X

Adults ≥40 years continuing GC
treatment: continue treatment as
long as GCs used, then re-assess.
Adults ≥40 years stopping GC
treatment:

Adults aged ≥40 years at high risk** of
fractureA

Repeat fracture risk assessment every 12
monthsX

• Low fracture risk: discontinue
osteoporosis medication but
continue calcium and vitamin
DC

• Moderate or high fracture risk:
“complete” treatment with OP
medication like for general
osteoporosisA

Adults age <40 years at moderate or high
risk** of fractureC

Recommended first-line therapy: Oral
bisphosphonatesC

Special populationsC:
• Women of childbearing age at moderate

to high fracture risk who do not plan to
become pregnant within the period of
OP treatment

• Adults aged ≥30 years receiving very-
high dose GCs (initial dose prednisone
≥30 mg/day and cumulative dose > 5 g
in 1 year)

• Adults with organ transplant, eGFR ≥30
ml/min and no evidence of metabolic
bone disease who continue treatment
with GCs

UK clinical guideline for the
prevention and treatment of
osteoporosis, National
Osteoporosis Guideline Group,
(NOGG, 2017) (75)

Postmenopausal women taking GCs who
are: over ≥70 years of age, have had a
previous fragility fracture, or are taking ≥7.5
mg prednisolone/day or equivalentC

Start therapy immediately for indicated
patientsC

Continue treatment as long as GC
use continues, can consider
stopping if GC withdrawnC

Bone protective therapy may be appropriate
in some men and premenopausal women on
GC therapy who have a previous fracture or
are taking ≥7.5 mg/day prednisolone
equivalentC

Suggested first-line therapy: Alendronate or
risedronateX

International Osteoporosis
Foundation and the European
Calcified Tissue Society 2012
(IOF-ECTS 2012) (73)

Postmenopausal women and men aged ≥50
years committed or exposed to ≥3 months
oral GCs:

Start therapy at the onset of GC treatmentX Consider withdrawal of therapy
with reassessment of fracture risk,
preferably with a BMD
measurementX• ≥70 years of age, or

• Prior fragility fracture, or
• taking ≥7.5 mg/day prednisone

equivalent, or
• BMD T-score -1.5 or above country-

specific GC-adjusted FRAX intervention
threshold*X

Suggested first-line therapy:
Bisphosphonates or teriparatide (choice of
treatment mainly influenced by cost and
tolerability)X

Premenopausal women and men <50 years
committed or exposed to ≥3 months oral
GCs who have had a prior fragility fractureX

• Also consider treatment if taking ≥7.5
mg/day prednisone equivalentX

Royal College of Physicians,
National Osteoporosis Society,
and Bone and Tooth Society 2002
(74)

Consider treating patients with anticipated
GC use≥3 months C: AND

Start at initiation of GC therapyX Not specified

• >65 years, or
• prior fragility fracture, or
• BMD T score ≤-1.5C

No suggested first-line therapy.
December 2
MOF, major osteoporotic fracture (clinical vertebral, hip, wrist, or humerus).
Arecommendation based on randomized trial evidence.
Cevidence based on expert opinion, pharmacologic/preclinical evidence, or first principles.
Xrecommendation not graded, evidence not assessed, or good practice recommendation only.
*thresholds derived locally due to limitations of the algorithm.
**See Table 2 for definitions of high/moderate/and low fracture risk per the ACR 2017 guidelines.
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and there is some limited data to suggest that fracture risk might
be transiently increased (80–82). Anti-osteoporosis therapy is
often stopped after GCs are discontinued, as discussed in the
following section. Choice of treatment will likely also be
influenced by clinical characteristics like menopausal status
and renal dysfunction as well as insurance reimbursement and
formulary policies , geographic location, costs , and
patient preferences.

Patient Case: Part 2 Response
Your patient is at high fracture risk and, despite having no prior
fractures, we recommend that she be started on antiresorptive
therapy at this visit. Our recommendation to treat is based on
data that show independently increased risk of fractures for
patients less than 50 years of age associated with: a) CD
greater than 1350 mg (patient’s estimated cumulative dose at
this timepoint: greater than 2700 mg) (24); b) a DD higher than
7.5 mg (11, 24) per day and the excess risk added when a patient
has CD > 1 g and >15 mg DD per day (50); c) projected use
longer than 3 months that can increase fracture risk even with
low doses (11, 49); and d) a reduced BMD, which is also an
important factor in determining her fracture risk (83). This
recommendation is also in line with current recommendations
from select guidelines: treatment is indicated due to GC exposure
≥ 30 mg prednisone per ACR guidelines (72). According to RCP
guidelines (74), treatment is indicated because of projected
therapy duration of more than 3 months with a DD of more
than 7.5 mg/day in context of a BMD T-score which is less than
-1.5. Current IOF-ECTS and NOGG guidelines, however, would
not recommend starting treatment in this case (73, 75). MP
would be indicated according to the IOF-ECTS guidelines if she
had a prior fragility fracture or was older than 50 years of age and
postmenopausal. Similarly, she would be indicated by the NOGG
guidelines if she were postmenopausal, but these guidelines
suggest that some premenopausal women taking ≥7.5 mg DD
may be indicated for anti-osteoporosis therapy without further
elaboration. Finally, we recommended using antiresorptive
therapy (bisphosphonates) rather than teriparatide as first-line
therapy, as your patient does not have severe spinal osteoporosis
and thus antiresorptive therapy may be sufficient to prevent
fractures. We would recommend an oral bisphosphonate as
initial treatment due to the evidence of effectiveness for
Frontiers in Endocrinology | www.frontiersin.org 7
reducing fracture risk in GIOP (16), particularly with
risedronate therapy; low cost, as highlighted by ACR
recommendations (72); and ability for the clinician to stop
treatment abruptly once bone protecting treatment is no longer
required. However, the choice of bisphosphonate may be driven
by cost, formulary restrictions, and patient/prescriber preferences.
STOPPING TREATMENT TO PREVENT GIOP

Patient Case: Part 3
Ninemonths after disease onset, your patient’s joint symptoms have
improved, mouth ulcers and pleuritic chest pain have resolved, and
blood tests and urinalysis have normalized, indicating low SLE
disease activity. The patient currently takes 7.5 mg prednisone each
day, and you begin a tapering regimen for her prednisone over the
next 12 weeks and continue HCQ and azathioprine therapy. She
responds well to the tapering regimen and is found to have adequate
adrenal reserve on 2.5 mg prednisone daily. Twelve months after
her disease onset, the patient is able to stop prednisone altogether,
and her disease remains well-controlled with combination
treatment with HCQ and azathioprine.

Can you discontinue antiresorptive therapy? If yes, when
should therapy be stopped?

Fracture Risk Following GC
Discontinuation
It is widely accepted that GIOP is to some extent reversible. Pre-
clinical evidence suggests this reversibility comes from a rapid
recovery of osteoblasts after GCs are discontinued. For example,
in patients withCushing’s disease, osteoblast activity aswell as bone
mineralization dramatically renews to baseline levels within 6
months after cure (84). GIOP’s effects on bone quality may
endure beyond this period, however; patients with a median
duration of remission from Cushing’s disease of 6 years showed
similar BMD values as age- and sex-matched controls but had
altered bone material properties (85). This impact on bone quality
may come from longstanding impact of GCs on osteoclasts and
osteocytes, which are less studied than osteoblasts (43).

While understanding recovery of preclinical markers helps to
attest to the reversibility ofGIOP, thedurationof excess fracture risk
TABLE 2 | Fracture risk assessments in the 2017 American College of Rheumatology guideline for the prevention and treatment of glucocorticoid-induced
osteoporosis.

High risk Moderate risk Low risk

Adults ≥40 years: Adults ≥40 years: Low risk:
• Prior osteoporotic fracture, or
• Hip or spine BMD T score ≤-2.5 in men age ≥50 years

or postmenopausal women, OR
• FRAX (GC-adjusted*) 10-year risk of MOF ≥20%, or
• FRAX (GC-adjusted*) 10-year risk of hip fracture ≥3%
• Adults <40 years:
• Prior osteoporotic fracture

• FRAX (GC-adjusted*) 10-year risk of MOF 10-19%, OR
• FRAX (GC-adjusted*) 10-year risk of hip fracture >1% but

<3%
• Adults <40 years:
• Hip or spine BMD T score < -3 or rapid bone loss (≥10% at

the hip or spine over 1 year) AND
• Continuing GC treatment at ≥7.5 mg prednisone/day for ≥6

months

Adults ≥40 years:
• FRAX (GC-adjusted*) 10-year risk

of MOF < 10%, OR
• FRAX (GC-adjusted*) 10-year risk

of hip fracture ≤1%
• Adults <40 years:
• None of the above risk factors

other than GC treatment
Decem
MOF, major osteoporotic fracture (clinical vertebral, hip, wrist, or humerus).
*If GC treatment >7.5 mg/day prednisone or equivalent, increase major osteoporotic risk by 1.15 (15%) and hip fracture risk by 1.2 (20%).
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after GC therapy is stopped determines the appropriate duration of
anti-osteoporosis therapy. Although select studies have shown that
prior GC use is associated with increased fracture risk (86) and
FRAX includes previous use of GCs as a fracture risk factor (46),
multiple large population-based studies have independently shown
that fracture risk decreases rapidly afterGCexposure is stopped (24,
51, 87). A 2018 US study of over 289,000 patients with GC use and
chronic conditions (RA, asthma, chronic obstructive pulmonary
disease, inflammatory bowel disease, multiple sclerosis, lupus, or
sarcoidosis) found thefirstmajor decrease in fracture risk after 60 to
182 days off therapy (adjusted HR [versus current use] 0.73, a 27%
decreased relative risk), with onlymarginal further decreases in risk
after longer periods off-therapy (35% decreased relative risk after
more than 365 days off therapy) (24). Similar trends were observed
in a cohort of US patients with RA (87). An earlier study on
intermittent glucocorticoid use examined the relationships
between time since discontinuation, daily dose, cumulative dose
and various types of fracture (51). Among those with >15 mg DD
per day, a rapid decrease in the risk of all fractures was seen in the 3
months after discontinuation, with the most profound decreases
observed for vertebral fracture risk in this period (51). No elevated
risk was seen beyond 12 months after discontinuation of GC
therapy. Those with less than 15 mg per day DD had no excess
risk beyond 9 months after their last dose. When examining
cumulative exposures, fracture risk returned to baseline levels
after 6 months in those with less than 1 gram total CD, while
those with ≥1 gram did not have a reduction to baseline levels until
15 months later. Conversely, a Danish population-based case-
control study did not observe this dramatic decrease in vertebral
fracture risk after discontinuation; when compared to never-users,
distant past users (>1 year) still had an elevated risk of vertebral
fracture (ORadjusted 1.23 [1.16-1.30]) but no apparent risk of hip
fracture (ORadjusted 0.97 [95% CI 0.93-1.01]) (50). Notably, most
studies have not examined whether fracture risk after GC
discontinuation differs by age, sex, or other fracture risk factors.

Due to evidence of the reversibility of GC effects on bone, all
current treatment guidelines suggest that anti-osteoporosis
therapy can be stopped after GC is discontinued (Table 1).
However, none recommend specific timing to stop therapy based
on empiric evidence. In addition, most recognize that the role of
BMD monitoring post-GC use has not been established. The
highest quality evidence for lower fracture risk patients stopping
anti-osteoporosis therapy after stopping GC treatment comes
from observational studies (11, 24, 50, 51), though we note that
some were published after the guidelines were released.
Consequently, most of the guideline recommendations are
based on expert opinion or in vitro studies as, to date, there
are no trials examining fracture risk with varying durations of
osteoporosis treatment after GC discontinuation. A recent review
on the pharmacology of GIOP and GCs recommends continuing
therapy for six to 12 months after discontinuation of GCs (43).
The only recommendation that is strong with high quality
evidence in the guidelines is the ACR 2017 recommendation to
continue anti-osteoporosis treatment if the patient is indicated
per primary osteoporosis guidelines after GC therapy, which is
based on RCT evidence in primary osteoporosis (72).
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Based on the available evidence, including preclinical data,
stopping anti-osteoporosis treatment immediately at the time of
GC discontinuation may not be ideal. However, additional real-
world evidence on fracture risk following both GC and anti-
osteoporosis medication is critical. In addition, estimating the
exact end time of glucocorticoid exposure is difficult using many
research data sources given tapering regimens and as needed
doses that are not captured through claims data, so observational
studies on the effects of discontinuing GCs and continuing anti-
resorptive therapy beyond GC discontinuation often have
methodological limitations (50). Nevertheless, based on
epidemiologic studies of the duration of elevated fracture risk
for up to 15 months after stopping GCs in some patients (24, 50,
51), clinicians might choose to continue therapy for another
three to six months for lower cumulative exposures (e.g., less than
1 gram CD), with longer periods (e.g., six to eighteenmonths after
GC discontinuation) for greater cumulative exposures.

Patient Case: Part 3 Response
Based on existing clinical and preclinical evidence, since your
patient is at low fracture risk aside from GC treatment, we
recommend that antiresorptive therapy can be stopped after GC
therapy is discontinued. We may consider continuing
antiresorptive therapy for six months after discontinuation of GC
therapy. The ACR, IOF-ECTS, and NOGG guidelines all
recommend (ACR) or suggest (IOF-ECTS, NOGG) stopping
anti-osteoporosis therapy once GC therapy is stopped (72, 73,
75). The RCP guidelines do not comment on discontinuing
therapy once GCs are stopped (74). As stated in Table 1, no
international guideline recommends a specific timing on stopping
anti-osteoporosis therapy.

Our recommendation to stop anti-osteoporosis treatment
and our suggestion to stop 6 months after last GC exposure
are limited based on available evidence, particularly the effects of
stopping among patients with high CD but are less than 50 years
of age. First, evidence has shown that patients of similar age to
MP (average age of 47 years) but who had cumulative exposures
of 675 mg or less (substantially lower CD than MP) had a
substantial decrease in fracture risk after 60 to 180 days of
stopping GC therapy (24). Patients with CD greater than 1
gram, but who had an average age of 64 years also had a
decrease in fracture risk starting at 3 months after last GC
dose, but risk remained elevated from never users until 15
months after stopping GCs (51).
FUTURE RESEARCH

While there is abundant evidence that anti-resorptive and anabolic
treatments help to prevent fractures inGIOP, there are clear gaps in
knowledge regarding the timing of treatment, particularly when to
discontinue in patients with few other fracture risk factors. Studies
of the effects of discontinuation of GCs on fracture risk also have
methodological limitations; future research could validate
algorithms to ascertain true timing discontinuation of GC therapy
to improve exposure measurement in fracture effects studies.
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In addition, most studies supporting the effectiveness were
underpowered to study effects in subgroups with additional
fracture risk factors (e.g., low body mass index, recent fragility
fracture). Future studies in these subgroups are particularly
important to determine the benefits of GIOP treatment in
patients with different baseline fracture risk. In addition, some
GCs may have bone-sparing effects (88) by controlling
inflammation and providing better disease control (89). An RCT
is underway to examine fracture and BMD outcomes among
patients with RA randomized to low dose GC or placebo added to
standardRAtreatment thatwillprovide evidenceon thisknowledge
gap (90). The utility of microindentation measurements to assess
and predict fracture risk, both while exposed to GC therapy and
after discontinuation (85) is another future area of study. Finally,
recent preclinical evidence suggests that GC-induced fracture risk
might result in part from the disturbance in circadian rhythm (91),
yet studies in humans are needed.
CONCLUSION

Patients on long-term GC therapy should be assessed for fracture
risk and potentially initiated on treatment to prevent GIOP.
Most guidelines recommend initiating anti-osteoporosis therapy
immediately for those on high-dose GC therapy, with a prior
fracture, or at high fracture risk according to guideline-specific
Frontiers in Endocrinology | www.frontiersin.org 9
categories, though evidence shows other groups are also at risk of
GC-induced fractures. Recommendations on stopping therapy
with GC discontinuation are less clear. Though anti-osteoporosis
therapy can be stopped in patients at low fracture risk after GC
therapy is discontinued, it may be appropriate to continue
therapy beyond GCs for a finite time (e.g., 6-12 months) due
to a residual, dose-dependent fracture risk after stopping GC
therapy. In particular, patients stopping after high cumulative
GC exposure may benefit from extended treatment. Clinical
trials comparing the relative anti-fracture benefits of varying
lengths of treatment after GC discontinuation are critical to form
strong recommendations on duration of treatment for GIOP.
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Teriparatide or Alendronate in Glucocorticoid-Induced Osteoporosis. N
Engl J Med (2007) 357:2028–39. doi: 10.1056/NEJMoa071408

45. Marshall D, Johnell O, Wedel H. Meta-Analysis of How Well Measures of
Bone Mineral Density Predict Occurrence of Osteoporotic Fractures. BMJ
(1996) 312:1254–9. doi: 10.1136/bmj.312.7041.1254

46. Centre for Metabolic Bone Diseases, University of Sheffield, UK. FRAX
(Fracture Risk Assessment Tool) - USA . Available at: https://www.sheffield.
ac.uk/FRAX/tool.aspx?country=9 (Accessed 13 February 2020).

47. Kim H-J. Glucocorticoids Suppress Bone Formation via the Osteoclast. J Clin
Invest (2006) 116:2152–60. doi: 10.1172/JCI28084

48. Compston J. Glucocorticoid-Induced Osteoporosis: An Update. Endocrine
(2018) 61:7–16. doi: 10.1007/s12020-018-1588-2

49. Abtahi S, Driessen JHM, Burden AM, Souverein PC, van den Bergh JP, van
Staa TP, et al. Low-Dose Oral Glucocorticoid Therapy and Risk of
Osteoporotic Fractures in Patients With Rheumatoid Arthritis: A Cohort
Study Using the Clinical Practice Research Datalink. Rheumatology (2021)
keab548. doi: 10.1093/rheumatology/keab548

50. Amiche MA, Abtahi S, Driessen JHM, Vestergaard P, de Vries F, Cadarette
SM, et al. Impact of Cumulative Exposure to High-Dose Oral Glucocorticoids
on Fracture Risk in Denmark: A Population-Based Case-Control Study. Arch
Osteoporos (2018) 13(1):30. doi: 10.1007/s11657-018-0424-x

51. De Vries F, Bracke M, Leufkens HGM, Lammers JMJ, Cooper C, Van Staa TP,
et al. Fracture Risk With Intermittent High-Dose Oral Glucocorticoid
Therapy. Arthritis Rheum (2007) 56:208–14. doi: 10.1002/art.22294

52. Oshagbemi OA, Burden AM, Shudofsky KN, Driessen JHM, Vestergaard P,
Krings A, et al. Use of High-Dose Intermittent Systemic Glucocorticoids and
the Risk of Fracture in Patients With Chronic Obstructive Pulmonary Disease.
Bone (2018) 110:238–43. doi: 10.1016/j.bone.2018.02.007

53. Tinetti ME, Speechley M, Ginter SF. Risk Factors for Falls Among Elderly
Persons Living in the Community. N Engl J Med (1988) 319:1701–7. doi:
10.1056/NEJM198812293192604

54. Menant JC, Weber F, Lo J, Sturnieks DL, Close JC, Sachdev PS, et al. Strength
Measures Are Better Than Muscle Mass Measures in Predicting Health-
Related Outcomes in Older People: Time to Abandon the Term Sarcopenia?
Osteoporos Int (2017) 28:59–70. doi: 10.1007/s00198-016-3691-7

55. Lusardi MM, Fritz S, Middleton A, Allison L, Wingood M, Phillips E, et al.
Determining Risk of Falls in Community Dwelling Older Adults: A Systematic
Review and Meta-Analysis Using Posttest Probability. J Geriatr Phys Ther
2001 (2017) 40:1–36. doi: 10.1519/JPT.0000000000000099

56. Weinstein RS. Glucocorticoid-Induced Bone Disease. N Engl J Med (2011)
365:62–70. doi: 10.1056/NEJMcp1012926
December 2021 | Volume 12 | Article 782118

https://doi.org/10.1007/s00198-015-3200-4
https://doi.org/10.1007/s00198-015-3200-4
https://doi.org/10.1002/art.21194
https://doi.org/10.1002/art.21194
https://doi.org/10.1210/jc.2011-2645
https://doi.org/10.1007/s00198-010-1201-x
https://doi.org/10.1093/rheumatology/kes079
https://doi.org/10.1002/jbmr.3523
https://doi.org/10.1002/jbmr.3523
https://doi.org/10.1002/art.10613
https://doi.org/10.1007/s00198-005-2016-z
https://doi.org/10.1016/j.jocd.2018.03.009
https://doi.org/10.1007/s00198-007-0394-0
https://doi.org/10.1056/NEJM199807303390502
https://doi.org/10.1002/1529-0131(200101)44:1%3C202::AID-ANR27%3E3.0.CO;2-W
https://doi.org/10.1002/1529-0131(199911)42:11%3C2309::AID-ANR8%3E3.0.CO;2-K
https://doi.org/10.1002/1529-0131(199911)42:11%3C2309::AID-ANR8%3E3.0.CO;2-K
https://doi.org/10.1016/S0140-6736(09)60250-6
https://doi.org/10.1359/jbmr.2000.15.6.1006
https://doi.org/10.1385/JCD:7:4:359
https://doi.org/10.1385/JCD:7:4:359
https://doi.org/10.1359/JBMR.041233
https://doi.org/10.1210/jcem.85.7.6702
https://doi.org/10.1152/physrev.00011.2015
https://doi.org/10.1210/en.2003-0990
https://doi.org/10.1016/S8756-3282(02)00687-7
https://doi.org/10.1002/(SICI)1097-4644(20000301)76:3%3C518::AID-JCB18%3E3.0.CO;2-M
https://doi.org/10.1210/er.2018-00097
https://doi.org/10.1056/NEJMoa071408
https://doi.org/10.1136/bmj.312.7041.1254
https://www.sheffield.ac.uk/FRAX/tool.aspx?country=9
https://www.sheffield.ac.uk/FRAX/tool.aspx?country=9
https://doi.org/10.1172/JCI28084
https://doi.org/10.1007/s12020-018-1588-2
https://doi.org/10.1093/rheumatology/keab548
https://doi.org/10.1007/s11657-018-0424-x
https://doi.org/10.1002/art.22294
https://doi.org/10.1016/j.bone.2018.02.007
https://doi.org/10.1056/NEJM198812293192604
https://doi.org/10.1007/s00198-016-3691-7
https://doi.org/10.1519/JPT.0000000000000099
https://doi.org/10.1056/NEJMcp1012926
https://www.frontiersin.org/journals/endocrinology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/endocrinology#articles


Hayes et al. Starting and Stopping GIOP Therapy
57. Rubin MR, Bilezikian JP. The Role of Parathyroid Hormone in the
Pathogenesis of Glucocorticoid-Induced Osteoporosis: A Re-Examination of
the Evidence. J Clin Endocrinol Metab (2002) 87:4033–41. doi: 10.1210/
jc.2002-012101

58. Kleyer A, Finzel S, Rech J, Manger B, Krieter M, Faustini F, et al. Bone Loss
Before the Clinical Onset of Rheumatoid Arthritis in Subjects With
Anticitrullinated Protein Antibodies. Ann Rheum Dis (2014) 73:854–60. doi:
10.1136/annrheumdis-2012-202958

59. Adami G, Saag KG. Glucocorticoid-Induced Osteoporosis Update. Curr Opin
Rheumatol (2019) 31:388–93. doi: 10.1097/BOR.0000000000000608

60. Zhu TY, Griffith JF, Au SK, Tang XL, Kwok AW, Leung PC, et al. Bone
Mineral Density Change in Systemic Lupus Erythematosus: A 5-Year
Followup Study. J Rheumatol (2014) 41:1990–7. doi: 10.3899/jrheum.131190

61. Jacobs J, Korswagen LA, Schilder AM, van Tuyl LH, Dijkmans BAC, Lems
WF, et al. Six-Year Follow-Up Study of Bone Mineral Density in Patients With
Systemic Lupus Erythematosus. Osteoporos Int (2013) 24:1827–33. doi:
10.1007/s00198-012-2157-9

62. Waljee AK, Rogers MAM, Lin P, Singal AG, Stein JD, Marks RM, et al. Short
Term Use of Oral Corticosteroids and Related Harms Among Adults in the
United States: Population Based Cohort Study. BMJ (2017) 62:j1415. doi:
10.1136/bmj.j1415

63. Jia D, O’Brien CA, Stewart SA, Manolagas SC, Weinstein RS. Glucocorticoids
Act Directly on Osteoclasts to Increase Their Life Span and Reduce Bone
Density. Endocrinology (2006) 147:5592–9. doi: 10.1210/en.2006-0459

64. Weinstein RS, Jilka RL, Parfitt AM, Manolagas SC. Inhibition of
Osteoblastogenesis and Promotion of Apoptosis of Osteoblasts and
Osteocytes by Glucocorticoids. Potential Mechanisms of Their Deleterious
Effects on Bone. J Clin Invest (1998) 102:274–82. doi: 10.1172/JCI2799

65. Yao W, Cheng Z, Busse C, Pham A, Nakamura MC, Lane NE. Glucocorticoid
Excess in Mice Results in Early Activation of Osteoclastogenesis and
Adipogenesis and Prolonged Suppression of Osteogenesis: A Longitudinal
Study of Gene Expression in Bone Tissue From Glucocorticoid-Treated Mice.
Arthritis Rheum (2008) 58:1674–86. doi: 10.1002/art.23454

66. Saag KG, Wagman RB, Geusens P, Adachi JD, Messina OD, Emkey R, et al.
Denosumab Versus Risedronate in Glucocorticoid-Induced Osteoporosis: A
Multicentre, Randomised, Double-Blind, Active-Controlled, Double-Dummy,
Non-Inferiority Study. Lancet Diabetes Endocrinol (2018) 6:445–54. doi:
10.1016/S2213-8587(18)30075-5

67. Saag KG, Pannacciulli N, Geusens P, Adachi JD, Messina OD, Morales-Torres
J, et al. Denosumab Versus Risedronate in Glucocorticoid-Induced
Osteoporosis: Final Results of a Twenty-Four-Month Randomized, Double-
Blind, Double-Dummy Trial. Arthritis Rheumatol Hoboken NJ (2019)
71:1174–84. doi: 10.1002/art.40874

68. Langdahl BL, TeglbjærgCS,Ho PR, Chapurlat R,Czerwinski E, KendlerDL, et al.
A 24-Month Study Evaluating the Efficacy and Safety of Denosumab for the
Treatment of MenWith Low Bone Mineral Density: Results From the ADAMO
Trial. J Clin Endocrinol Metab (2015) 100:1335–42. doi: 10.1210/jc.2014-4079

69. Langdahl BL, Silverman S, Fujiwara S, Saag K, Napoli N, Soen S, et al. Real-
World Effectiveness of Teriparatide on Fracture Reduction in Patients With
Osteoporosis and Comorbidities or Risk Factors for Fractures: Integrated
Analysis of 4 Prospective Observational Studies. Bone (2018) 116:58–66. doi:
10.1016/j.bone.2018.07.013

70. Fraser L-A, Adachi JD. Glucocorticoid-Induced Osteoporosis: Treatment
Update and Review. Ther Adv Musculoskelet Dis (2009) 1:71–85. doi:
10.1177/1759720X09343729

71. Saag KG, Zanchetta JR, Devogelaer JP, Adler RA, Eastell R, See K, et al. Effects
of Teriparatide Versus Alendronate for Treating Glucocorticoid-Induced
Osteoporosis: Thirty-Six-Month Results of a Randomized, Double-Blind,
Controlled Trial. Arthritis Rheum (2009) 60:3346–55. doi: 10.1002/art.24879

72. Buckley L, Guyatt G, Fink HA, Cannon M, Grossman J, Hansen KE, et al.
American College of Rheumatology Guideline for the Prevention and
Treatment of Glucocorticoid-Induced Osteoporosis: ACR Guideline for
Glucocorticoid-Induced Osteoporosis Prevention and Treatment. Arthritis
Rheumatol (2017) 69:1521–37. doi: 10.1002/art.40137

73. Joint IOF-ECTS GIO Guidelines Working Group, Lekamwasam S, Adachi JD,
Agnusdei D, Bilezikian J, Boonen S, et al. A Framework for the Development of
Guidelines for the Management of Glucocorticoid-Induced Osteoporosis.
Osteoporos Int (2012) 23:2257–76. doi: 10.1007/s00198-012-1958-1
Frontiers in Endocrinology | www.frontiersin.org 11
74. Bone and Tooth Society, National Osteoporosis Society (Great Britain) and
Royal College of Physicians of London. Glucocorticoid-Induced Osteoporosis:
Guidelines for Prevention and Treatment. London: Royal College of Physicians
of London (2002).

75. The National Osteoporosis Guideline Group (NOGG), Compston J, Cooper
A, Cooper C, Gittoes N, Gregson C, et al. UK Clinical Guideline for the
Prevention and Treatment of Osteoporosis. Arch Osteoporos (2017) 12:43. doi:
10.1007/s11657-017-0324-5

76. Kendler DL, Marin F, Zerbini CAF, Russo LA, Greenspan SL, Zikan V, et al.
Effects of Teriparatide and Risedronate on New Fractures in Post-Menopausal
Women With Severe Osteoporosis (VERO): A Multicentre, Double-Blind,
Double-Dummy, Randomised Controlled Trial. Lancet (2018) 391:230–40.
doi: 10.1016/S0140-6736(17)32137-2

77. Hauser B, Alonso N, Riches PL. Review of Current Real-World Experience
With Teriparatide as Treatment of Osteoporosis in Different Patient Groups.
J Clin Med (2021) 10:1403. doi: 10.3390/jcm10071403

78. Neer RM, Arnaud CD, Zanchetta JR, Prince R, Gaich GA, Reginster JY, et al.
Effect of Parathyroid Hormone (1-34) on Fractures and Bone Mineral Density
in Postmenopausal Women With Osteoporosis. N Engl J Med (2001)
344:1434–41. doi: 10.1056/NEJM200105103441904

79. Minisola S, Cipriani C, Grotta GD, Colangelo L, Occhiuto M, Biondi P, et al.
Update on the Safety and Efficacy of Teriparatide in the Treatment of
Osteoporosis. Ther Adv Musculoskelet Dis (2019) 11:1759720X1987799. doi:
10.1177/1759720X19877994

80. Anastasilakis AD, Polyzos SA, Makras P, Aubry-Rozier B, Kaouri S, Lamy O.
Clinical Features of 24 Patients With Rebound-Associated Vertebral Fractures
After Denosumab Discontinuation: Systematic Review and Additional Cases.
J Bone Miner Res Off J Am Soc Bone Miner Res (2017) 32:1291–6. doi: 10.1002/
jbmr.3110

81. Cummings SR, Ferrari S, Eastell R, Gilchrist N, Jensen JEB, McClung M, et al.
Vertebral Fractures After Discontinuation of Denosumab: A Post Hoc
Analysis of the Randomized Placebo-Controlled FREEDOM Trial and Its
Extension. J Bone Miner Res Off J Am Soc Bone Miner Res (2018) 33:190–8.
doi: 10.1002/jbmr.3337

82. Anastasilakis AD, Makras P, Yavropoulou MP, Tabacco G, Naciu AM,
Palermo A. Denosumab Discontinuation and the Rebound Phenomenon: A
Narrative Review. J Clin Med (2021) 10:E152. doi: 10.3390/jcm10010152

83. Kanis JA, Oden A, Johansson H, Borgström F, Ström O, McCloskey E. FRAX®

and its Applications to Clinical Practice. Bone (2009) 44:734–43. doi: 10.1016/
j.bone.2009.01.373

84. Hermus AR, Smals AG, Swinkels LM, Huysmans DA, Pieters GF, Sweep FH,
et al. Bone Mineral Density and Bone Turnover Before and After Surgical
Cure of Cushing’s Syndrome. J Clin Endocrinol Metab (1995) 80:2859–65. doi:
10.1210/jcem.80.10.7559865

85. Schoeb M, Sintenie PJ, van Haalen F, Nijhoff M, de Vries F, Biermasz N, et al.
Bone Material Strength Index is Altered in Patients With Cushing’s Syndrome
Even After Long-Term Remission [Abstact]. Endocr Abstr (2021) 73:OC6.3.
doi: 10.1530/endoabs.73.OC6.3

86. Kanis JA, Johansson H, Oden A, Johnell O, de Laet C, Melton LJ, et al. A
Meta-Analysis of Prior Corticosteroid Use and Fracture Risk. J Bone Miner
Res (2004) 19:893–9. doi: 10.1359/JBMR.040134

87. Balasubramanian A,Wade SW, Adler RA, Lin CJF,MaricicM, O'Malley CD, et al .
Glucocorticoid Exposure and Fracture Risk in Patients With New-Onset
Rheumatoid Arthritis. Osteoporos Int J Establ Result Coop Eur Found Osteoporos
Natl Osteoporos Found USA (2016) 27:3239–49. doi: 10.1007/s00198-016-3646-z

88. Vestergaard P, Rejnmark L, Mosekilde L. Fracture Risk Associated With
Different Types of Oral Corticosteroids and Effect of Termination of
Corticosteroids on the Risk of Fractures. Calcif Tissue Int (2008) 82:249–57.
doi: 10.1007/s00223-008-9124-7

89. Buttgereit F, Mehta D, Kirwan J, Szechinski J, Boers M, Alten RE, et al. Low-
Dose Prednisone Chronotherapy for Rheumatoid Arthritis: A Randomised
Clinical Trial (CAPRA-2). Ann Rheum Dis (2013) 72:204–10. doi: 10.1136/
annrheumdis-2011-201067

90. Hartman L, Rasch LA, Klausch T, Bijlsma HWJ, Christensen R, Smulders YM,
et al. Harm, Benefit and Costs Associated With Low-Dose Glucocorticoids
Added to the Treatment Strategies for Rheumatoid Arthritis in Elderly
Patients (GLORIA Trial): Study Protocol for a Randomised Controlled
Trial. Trials (2018) 19:67. doi: 10.1186/s13063-017-2396-3
December 2021 | Volume 12 | Article 782118

https://doi.org/10.1210/jc.2002-012101
https://doi.org/10.1210/jc.2002-012101
https://doi.org/10.1136/annrheumdis-2012-202958
https://doi.org/10.1097/BOR.0000000000000608
https://doi.org/10.3899/jrheum.131190
https://doi.org/10.1007/s00198-012-2157-9
https://doi.org/10.1136/bmj.j1415
https://doi.org/10.1210/en.2006-0459
https://doi.org/10.1172/JCI2799
https://doi.org/10.1002/art.23454
https://doi.org/10.1016/S2213-8587(18)30075-5
https://doi.org/10.1002/art.40874
https://doi.org/10.1210/jc.2014-4079
https://doi.org/10.1016/j.bone.2018.07.013
https://doi.org/10.1177/1759720X09343729
https://doi.org/10.1002/art.24879
https://doi.org/10.1002/art.40137
https://doi.org/10.1007/s00198-012-1958-1
https://doi.org/10.1007/s11657-017-0324-5
https://doi.org/10.1016/S0140-6736(17)32137-2
https://doi.org/10.3390/jcm10071403
https://doi.org/10.1056/NEJM200105103441904
https://doi.org/10.1177/1759720X19877994
https://doi.org/10.1002/jbmr.3110
https://doi.org/10.1002/jbmr.3110
https://doi.org/10.1002/jbmr.3337
https://doi.org/10.3390/jcm10010152
https://doi.org/10.1016/j.bone.2009.01.373
https://doi.org/10.1016/j.bone.2009.01.373
https://doi.org/10.1210/jcem.80.10.7559865
https://doi.org/10.1530/endoabs.73.OC6.3
https://doi.org/10.1359/JBMR.040134
https://doi.org/10.1007/s00198-016-3646-z
https://doi.org/10.1007/s00223-008-9124-7
https://doi.org/10.1136/annrheumdis-2011-201067
https://doi.org/10.1136/annrheumdis-2011-201067
https://doi.org/10.1186/s13063-017-2396-3
https://www.frontiersin.org/journals/endocrinology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/endocrinology#articles


Hayes et al. Starting and Stopping GIOP Therapy
91. Schilperoort M, Kroon J, Kooijman S, Smit AE, Gentenaar M, Mletzko
K, et al. Loss of Glucocorticoid Rhythm Induces an Osteoporotic
Phenotype in Female Mice . Aging Cel l (2021) 20(10) :e13474.
doi: 10.1111/acel.13474

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
Frontiers in Endocrinology | www.frontiersin.org 12
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2021 Hayes, Baschant, Hauser, Burden and Winter. This is an open-
access article distributed under the terms of the Creative Commons Attribution
License (CC BY). The use, distribution or reproduction in other forums is permitted,
provided the original author(s) and the copyright owner(s) are credited and that the
original publication in this journal is cited, in accordance with accepted academic
practice. No use, distribution or reproduction is permitted which does not comply with
these terms.
December 2021 | Volume 12 | Article 782118

https://doi.org/10.1111/acel.13474
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/endocrinology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/endocrinology#articles

	When to Start and Stop Bone-Protecting Medication for Preventing Glucocorticoid-Induced Osteoporosis
	Introduction
	Pathophysiology and Epidemiology of GIOP
	Patient Case: Part 1
	GIOP Pathophysiology
	Fracture Risk Associated With GC Use: Effects of Daily and Cumulative Dose
	Patient Case: Part 1 Response

	Starting Treatment to Prevent GIOP
	Patient Case: Part 2
	GIOP-induced Fracture Risk at Treatment Onset
	Current Treatments for GIOP
	Clinical Guideline Recommendations for Starting Treatment to Prevent GIOP: Who to Treat and Which Therapy
	Patient Case: Part 2 Response

	Stopping Treatment To Prevent GIOP
	Patient Case: Part 3
	Fracture Risk Following GC Discontinuation
	Patient Case: Part 3 Response

	Future Research
	Conclusion
	Author Contributions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


