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Abstract Glucocorticoid-induced osteoporosis (GIOP) con-
tinues to be the most common cause of secondary osteoporo-
sis because at any time about 1% of the adult population has
been prescribed oral glucocorticoids. Surprisingly, there are
relatively few treatment studies of GIOP, particularly of youn-
ger individuals including women of child bearing potential
and children. Thus, recommendations for management of pa-
tients at risk for fracture or who have already suffered an
osteoporotic fracture are often based more on clinical experi-
ence than randomized controlled trials. Nonetheless, organi-
zations such as the American College of Rheumatology have
provided guidance on management of GIOP. In this review,
the treatment of GIOP is discussed in light of the specific
pathophysiology of this disorder. What separates GIOP from
other types of osteoporosis is the profound decrease in osteo-
blastic function and fact that 3 months (or less) of glucocorti-
coid therapy leads to a demonstrable increase in fracture inci-
dence. The new ACRGuideline uses FRAX and bonemineral
density to categorize fracture risks in GIOP and advocates use
of oral bisphosphonates for most patients. Other new findings
and alternative management approaches are also discussed.

Keywords Glucocorticoids . Osteoporosis . Fracture .

Bisphosphonates . Teriparatide . Guidelines

Introduction

While endogenous Cushing’s syndrome, glucocorticoid ex-
cess, leads to osteoporosis and fracture, it is relatively rare.
Much more common is osteoporosis and fracture due to ex-
ogenous glucocorticoids such as prednisone. Despite recogni-
tion of this important side effect of chronic glucocorticoid
treatment, osteoporosis and fracture remain under appreciated
and not commonly evaluated and treated. Importantly,
glucocorticoid-induced osteoporosis (GIOP) is different from
post-menopausal osteoporosis in women and age-related os-
teoporosis in men in very specific ways. First, the mechanism
of the osteoporosis is different [1]. In most other types of
osteoporosis, bone resorption increases and bone formation
is unable to accelerate adequately, leading to gradual loss of
bonemass andmicroarchitecture. InGIOP, while theremay be
increased bone resorption early on, the major difference is a
profound loss of osteoblast and osteocyte function, with in-
creased apoptosis of osteoblasts. This means that bone forma-
tion is markedly decreased very soon after starting glucocor-
ticoid therapy. Decreases in serum bone formation markers
can be detected after a single dose of prednisone [2]. The
consequences of this different mechanism include rapid loss
of bone mass and rapid increase in fragility fracture risk. In an
oft-cited study [3] from the UK General Practice Research
Database (UKGPRD), 3 months of approximately 5 mg of
prednisone equivalent therapy was associated with a demon-
strable increase in fracture risk. Even the low dose of 2.5 mg
of prednisolone (probably slightly more than 2.5 mg of pred-
nisone and approximately equal to 2.5 mg of methylprednis-
olone, 10 mg of hydrocortisone, and 0.375 mg of dexameth-
asone) raised fracture risk. In contrast, while fracture risk rises
after the menopause, the increase occurs over years or decades
in most women. In age-related osteoporosis in men, the hip
fracture rate only accelerates after age 80. Thus, the time to
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identify fracture risk in patients with GIOP is much shorter
than in other types of osteoporosis. Finally, management of
GIOP is complicated by the plethora of reasons for glucocor-
ticoid therapy. Prednisone and similar drugs are used for a
variety of inflammatory conditions, some of which also put
patients at risk for fracture. Therefore, many different types of
clinicians will prescribe glucocorticoids. Interventions to im-
prove management of GIOP have to be aimed at a variety of
clinicians and settings. In an attempt to improve care of GIOP
patients whomay be at high risk for fracture soon after starting
glucocorticoid therapy, medical and scientific groups such as
the American College of Rheumatology (ACR) have devised
guidelines. Indeed, in 2017, an updated version [4] of the
ACR Guideline has been published. I will use this guideline
to illustrate the challenges of GIOP that remain today.

The Updated GIOP Guideline from the ACR

It is impossible to simplify the new ACRGuideline [4], which
provides guidance for patients on at least 2.5 mg of prednisone
equivalent daily. The authors define a high daily dose as
≥30 mg/day of prednisone equivalent and cumulative dose
of >5 g in the previous year. A recent observational study
[5] in patients with new onset rheumatoid arthritis confirmed
increased fracture risk with cumulative doses of >5 g but
found a much greater fracture risk with daily doses of
≥15 mg. In the study from the UKGPRD [3], the rate of frac-
ture increased markedly at a dose of 20 mg of prednisolone
daily. After assessment of dosing, the ACR Guideline catego-
rizes GIOP patients as low, medium, or high risk by fracture
history, bone mineral density by dual energy X-ray absorpti-
ometry (DXA), and 10-year fracture risk calculated by FRAX.
Hence, a high-risk patient 40 years or older would be one who
had already suffered an osteoporotic fracture or (if postmeno-
pausal or over age 50) had a spine or hip T-score <−2.5 or by
FRAX had a 10-year risk of major osteoporotic fracture
(MOF) of ≥20% or hip fracture risk of ≥3%. For the patient
younger than 40 years old, high risk was defined as having or
had an osteoporotic fracture, and moderate risk was a DXA Z-
score of <−3 or ≥10% bone density loss in 1 year and a pred-
nisone dose of ≥7.5 mg prednisone equivalent for >6 months.
For adults >40 years old, moderate risk was a FRAX MOF
risk of 10–19% or hip fracture risk between 1 and 3%. Low
risk for patients 40 or older was FRAXMOF risk of ≤10% and
hip fracture risk ≤1%. Low risk in the younger group was
defined simply as no osteoporotic fractures. The complexity
of the guideline is apparent from this paragraph. It is further
complicated by the adjustment of FRAX for prednisone dose.
If the patient is taking ≥7.5 mg of prednisone equivalent daily,
the FRAX risk should be multiplied by 1.15 for MOF and 1.2
for hip fracture risk. All patients need a full assessment at
baseline, clinical assessment annually, and fuller assessment

every 2 years. For the busy clinician prescribing prednisone as
an anti-inflammatory agent, this stratification scheme is daunt-
ing, but management depends upon it to a great extent.

According to the ACR Guideline [4], treatment for
all patients at risk for GIOP should include adequate
calcium intake (1000 to 1200 mg daily of elemental
calcium), vitamin D supplements of 600 to 800 interna-
tional units daily, smoking cessation, minimizing alcohol
intake, and increasing weight bearing/resistance exercise.
Many bone experts would add that attaining a serum
25-hydroxyvitamin D level of 30 ng/ml would be an
important goal [6]. For patients >40 years old, the treat-
ment of choice for moderate and high-risk patients was
oral bisphosphonates, based on efficacy, ease of use,
and cost [4]. The ACR Guideline voting group chose
oral bisphosphonates over intravenous bisphosphonates
because of fewer side effects, over teriparatide because
of cost and injection burden, over denosumab because
of lack of safety data in immunosuppressed patients,
and over raloxifene because of lack of data in GIOP
and potential harms from increased clotting risk. Here
is where expert opinion was used in the guideline as
opposed to evidence, not that there are many head-to-
head trials in GIOP. In a 1-year study [7] of intravenous
zoledronic acid versus oral risedronate, zoledronic acid
increased lumbar spine and femoral neck bone mineral
density by DXA more than risedronate. In a 1.5-year
study [8] using quantitative computed tomography
(QCT), teriparatide was shown to increase trabecular
bone density more than risedronate, and while there
were only five clinical fractures in the subjects receiv-
ing risedronate, there were none in the teriparatide
group. In a 3-year study [9] of teriparatide versus
alendronate, not only did the patients receiving
teriparatide have greater bone density response (in the
spine and hip) than those receiving alendronate, there
were fewer morphometric and clinical vertebral fractures
in the subjects who received teriparatide. By network
meta-analysis [10], only teriparatide, risedronate, and et-
idronate were associated with lower risk for vertebral
fracture. Some experts would thus have difficulty recon-
ciling these findings with the general recommendation
of the ACR to use oral bisphosphonates for most pa-
tients at risk for fracture because of GIOP. In addition,
although the teriparatide versus alendronate study was a
3-year study, the FDA approves use of anabolic bone
drugs (teriparatide and abaloparatide) for only 2 years
because of concerns raised by the findings of osteosar-
coma in a certain strain of rats prone to this cancer
[11].

The ACR Guideline attempts to provide some guidance for
the younger patient on systemic glucocorticoids. No pharma-
cologic treatment is advocated unless the person under age 40
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has had a low trauma fracture while on glucocorticoids (de-
fined as high risk) or has a DXA Z-score of −3 or a 10% loss
of bone density in a year and is on7.5 mg of prednisone equiv-
alent daily (moderate risk). For younger patients, even those
with childbearing potential, the ACR recommends oral
bisphosphonates, if treatment is to be given.

While some of the concerns [12] about the previous itera-
tion of the ACR Guideline have been addressed, the guideline
is still complex and not all that different from the 2010 version
[13]. Part of this is due to lack of new large scale studies of
GIOP treatment, including in younger patients. Thus, while
the method used for creating the guideline was different from
the previous version, the outcome was similar.

Other New Findings in GIOP

In the past few years, there have been relatively few
additions to our knowledge base of GIOP, but some
are worthy of mention. The new ACR Guideline recom-
mended evaluation of fracture risk within 6 months of
starting prednisone or its equivalent. This was based on
the UKPCRD data [3] demonstrating increased fracture
risk with as little as 3 months of oral glucocorticoid.
Using a large private insurance database, Waljee et al.
[14] reported that some clinically important side effects
were found in patients on short courses of glucocorti-
coid therapy. Specifically, increased fracture risk was
noted in patients within the first month of glucocorti-
coid use. A conclusion from this study would be that
evaluation of fracture risk should take place when the
patient commences glucocorticoid treatment. In a small
open-label study [15], Sawamura et al. reported that
denosumab increased spine and femoral neck bone den-
sity in patients taking an average of 7.5 mg of predni-
sone daily. In another small, open-label 1.5-year study
[16], Seno et al. noted that once weekly teriparatide
increased lumbar spine bone density but not the hip in
patients with GIOP, in contrast to the 3-year study [9]
mentioned above. Interestingly, Ishiguro et al. [17] re-
ported that denosumab did not increase hip bone density
at 12 months but did at 28 months. Saag et al. updated
that randomized trial [9] of teriparatide versus
alendronate by reporting that trabecular bone score
[18] improved in teriparatide treated subjects but not
those on alendronate, perhaps a partial explanation for
teriparatide’s better vertebral fracture risk reduction in
this trial. While all of these studies enrolled subjects
on oral glucocorticoids, there has been concern that oth-
er forms of glucocorticoid therapy might also lead to
increased fracture risk. A recent review [19] of inhaled
glucocorticoids concluded that in patients with asthma,
those on higher doses of inhaled glucocorticoids were at

higher risk for fracture than those on lower doses. In
chronic obstructive pulmonary disease (COPD), the dose
response was less clear. In patients with asthma or
COPD, short courses of oral glucocorticoids may be
used in addition to the inhaled steroids. The study
[14] of Waljee noted above stating that short courses
of oral glucocorticoids lead to increased fracture risk
makes attention to patients with inflammatory lung dis-
eases more pressing.

Mazziotti et al. [20] provided highlights from the ninth
international glucocorticoid-induced osteoporosis meeting
held in Rome in 2016. Among the findings, the potential path-
ogenic roles of the growth hormone/IGF-I axis and parathy-
roid hormone/vitamin D axis were discussed. It was speculat-
ed that growth hormone might have a therapeutic role for
some patients with GIOP. Current treatment was also
reviewed concluding that some studies show potential advan-
tages to begin therapy with teriparatide rather than those with
anti-resorptive drugs. Not in the meeting but of importance,
two cases of calciphylaxis have been reported in patients with-
out renal failure but being treated with teriparatide for osteo-
porosis while on glucocorticoids [21, 22].

At the GIOP meeting [20], the previous ACR and other
GIOP guidelines were described, but multiple methods to im-
prove adherence to the various guidelines were reported as
mostly unsuccessful. In contrast, GIOP management has been
improved in closed systems [23] using methods similar to a
fracture liaison service for patients on chronic doses of gluco-
corticoids. The meeting report concluded that while progress
has been made in understanding and managing GIOP, much
more work is needed to implement current evidence-based
management while at the same time increasing the knowledge
base.

Finally, in a very recent, large observational Swedish co-
hort study [24], patients older than 65 years (average age
about 80) who were given alendronate after least 3 months
of prednisolone (dose ≥5 mg daily) had fewer hip fractures
compared to those not treated with bisphosphonate. The haz-
ard ratio was 0.35 versus propensity-matched patients in a
short study (median follow-up of 15 months). This adds to
the evidence that prompt attention to fracture risk in patients
on glucocorticoids leads to better outcomes.

Long-Term Management

Unfortunately, clinical trials of GIOP treatment have lasted up
to 3 years only, so evidence for long-term management is
based mostly on clinical experience and pathophysiology.
Glucocorticoids suppress osteoblasts, and long-term manage-
ment is likely to be with drugs that decrease bone turnover,
especially osteoclasts. Attempts have been made to provide
guidance on long-term management [25] in light of potential
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additive effects on side effect risk of glucocorticoids and
bisphosphonates. While there is evidence that such potentia-
tion exists, it cannot be quantitated at this time. Nonetheless,
the clinician must be cognizant of the possible increase in side
effects in the patient taking both long-term glucocorticoids
and long-term bisphosphonates.

Conclusion

GlOP remains an important but underestimated cause of frac-
ture. Such fractures surely complicate management of the un-
derlying disorders for which glucocorticoids are prescribed,
plus all osteoporotic fractures lead to increased morbidity
and sometimes mortality. The new ACR Guideline is based
on contemporary methods, but the research database is limit-
ed, preventing more definitive recommendations, particularly
for younger patients. The recent observational study [24] pro-
vides evidence that following the guidelines should lower
fracture risk. While oral bisphosphonates were advocated be-
cause of efficacy, safety, and costs, there are studies that dem-
onstrate advantages to anabolic agents in some cases. In
GIOP, there is severe loss of osteoblastic function, and drugs
that stimulate osteoblasts theoretically and to some extent em-
pirically are superior to drugs that decrease osteoclastic func-
tion. Nonetheless, the huge price differential between these
drug classes and the need for daily subcutaneous injection of
anabolics led the ACR to recommend oral bisphosphonates
for the majority of GIOP patients. The clinician must therefore
determine which patients have such high fracture risk that
anabolic therapy’s advantages clearly outweigh the disadvan-
tages and convince both the patients and third party payers
that such treatment is right for the particular individual. Long-
term management studies are needed but will be very difficult
to accomplish.
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