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Abstract

Glucocorticoids remain widely used for many medical conditions, and fractures are the most serious common adverse event
related to long-term glucocorticoid use. Glucocorticoid-induced osteoporosis (GIOP) develops in a time- and dose-dependent
manner, but even at low doses, an increased risk of fragility fracture may be observed even within the first month of treatment.
GIOP is mediated by multiple pathophysiologic mechanisms resulting in an inhibition of bone formation and an increase in bone
resorption. The clinical assessment of GIOP has potential pitfalls since dual-energy X-ray absorptiometry (DXA) may underes-
timate the risk of fracture in patients treated with glucocorticoids. Many national organizations have developed guidelines for
assessing fracture risk and treating patients with, or at risk for, GIOP. These groups advocate both antiresorptive agents and bone-
forming agents based predominately on their efficacy in improving bone mineral density. Oral bisphosphonates are generally the
first-line therapy for GIOP in most patients due to their proven efficacy, good safety, and low cost. For those patients at greater
risk of fracture, teriparatide should be considered earlier, based on its ability to significantly reduce vertebral fractures when
compared with alendronate. GIOP remains a major public health concern that is at least partially preventable with current and
potential future therapeutic options.
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Introduction
Epidemiology and clinical burden of GIOP

Glucocorticoid-induced osteoporosis (GIOP) is the most com-
mon form of secondary osteoporosis. Glucocorticoids are
used chronically by approximately 0.5—1% of the general pop-
ulation [1-3]. Glucocorticoids remain widely prescribed for
many medical conditions by specialists and particularly by
generalists [1-3]. Fractures are the most serious adverse event
related to chronic glucocorticoid use [4]. Glucocorticoid use is
associated with an increase of fragility fracture risk quickly
following the first dose [5], leading to an “imminent risk of
fracture,” [6]. However, the risk of fracture also increases
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depending on dosage and length of use; the longer and the
more intense the treatment, the higher the risk [7-10].
Compared with shorter-course users, heavy users (daily dose
> 15 mg prednisone equivalent and/or cumulative dose > 1 g)
have the greatest risk of fractures [7]. The annual incidence of
vertebral and non-vertebral fracture from the control arms of
glucocorticoid-induced osteoporosis clinical trials was 5.1%
among the patients chronically using glucocorticoids and
2.5% in those who were newly initiating glucocorticoids [5].

Burden of GIOP in specific glucocorticoid-requiring
diseases

Glucocorticoids are prescribed for the treatment of many
chronic diseases affecting patients of different ages, sexes,
and ethnicities. Glucocorticoids lead to bone loss and eventu-
ally fragility fractures; however, they might also serve a pro-
tective role by reducing inflammation associated with an un-
derlying disease. For this reason, it is important to consider the
major glucocorticoid-requiring conditions separately.
Rheumatoid arthritis appears to constitute the disease that is
most often associated with chronic glucocorticoid use. The
fracture incidence rate in persons affected by rheumatoid ar-
thritis was higher in patients taking doses of glucocorticoids
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greater or equal than 15 mg/day prednisone equivalents (16.0
per 1000 person-year) compared with those who were taking
doses less than 15 mg/day (5 to 9 per 1000 person-years). In
rheumatoid arthritis patients, after discontinuation of gluco-
corticoids, the fracture incidence returned to baseline levels
only after 12 months [8]. Patients with polymyalgia and giant
cell arteritis (diseases primarily observed in older Caucasians)
had incidence fracture rates approximately 14.5 per 1000 per-
son-years, and the risk of fracture was increased by approxi-
mately 65% compared with the control populations, an effect
largely attributable to the use of glucocorticoids [11]. In sys-
temic lupus erythematosus (SLE) (a disease predominately
affecting young women and more prevalent in non-Hispanic
blacks), there was a 20% increased clinical fracture risk com-
pared to controls [12]. This result was mainly ascribable to
chronic glucocorticoids, based on an earlier evaluation of ap-
proximately 6000 person-years of follow-up [13]. More than
3% of diabetic patients reported chronic use of glucocorticoids
with a corresponding fracture prevalence greater than 30%
[14]. In patients with chronic obstructive pulmonary disease
(COPD) and asthma, there was an increased risk of osteopo-
rosis [15]. This observed increased risk was associated with
several factors such as cigarette smoking, systemic inflamma-
tion, and less activity but also with the use of oral glucocorti-
coids [16]. The independent role of inhaled glucocorticoids is
difficult to discern since most COPD and asthma patients re-
ceive periodic bursts of oral or parenteral glucocorticoids [17].
A Cochrane systematic review on the effect inhaled glucocor-
ticoids have on bone metabolism showed neither evidence of
increased risk of fracture nor loss of BMD with conventional
doses of inhaled glucocorticoids given for 2 or 3 years [18].
However, a longer duration of treatment (> 8 years) and great-
er mean daily dose (> 600 pg/day of beclomethasone or
equivalent) resulted in an increased risk of fragility fractures
[19, 20].

Observations
The pathogenesis and molecular basis of GIOP

Glucocorticoids exert a direct toxic effect on bone cell-
regulating genes (e.g., osteoblasts) by binding to the promoter
region of glucocorticoid response elements, ultimately leading
to altered protein synthesis and regulation. 11f3-
Hydroxysteroid dehydrogenase converts hormonally active
glucocorticoids to inactive hormone forms; polymorphism of
this enzyme may help explain altered susceptibility to gluco-
corticoid toxicity [21]. Glucocorticoids produce a direct dele-
terious effect on bone formation through two primary path-
ways: first, via enhancement of peroxisome proliferator-
activated receptor gamma receptor 2 (PPARY2) expression
[22] and second, through inhibition of the canonical Wnt/[3-
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catenin signaling pathway [23]. Glucocorticoids enhance ex-
pression of Wnt antagonists, sclerostin (SOST), and dickkopf-
related protein 1 (Dkk1), resulting in decreased production of
osteoblasts and ultimately less bone formation; thus, Wnt sig-
naling plays a central role in the pathogenesis of GIOP [24].
There is augmented osteoblast death which appears to also
depend on an increased release of reactive oxygen species
(ROS) [25]. Moreover, glucocorticoids directly reduce the
production of growth hormone (GH) and insulin-like growth
factor (IGF1), both osteoblast stimulators [26]. In addition to
their inhibitory effect on bone formation, glucocorticoids also
affect bone resorption. Glucocorticoids increase the produc-
tion of receptor activator of nuclear factor kappa-B ligand
(RANKL) and decrease the production of osteoprotegerin,
resulting in enhanced bone resorption. RANKL expression
is augmented directly not only by glucocorticoids but also
by an increase in Dkk1 [27]. Glucocorticoids stimulate the
secretion of interleukin-6 (IL-6), a cytokine that increases os-
teoclastogenesis and suppresses interferon-f3 an osteo-
stimulating cytokine [28, 29]. The overall effect of glucocor-
ticoids on bone resorption leads to bone loss, particularly early
during the course of therapy. The effect of glucocorticoids on
bone is not only driven by osteoclasts and osteoblasts but also
by osteocytes [30]. Glucocorticoids impair the function of
osteocytes and stimulate their apoptosis. The loss of osteocyte
function leads to impaired bone architecture [31, 32] that
could explain the bone mineral density (BMD)/fragility para-
dox; namely, that patients on glucocorticoid experience frac-
ture at higher BMD compared with the general population
[33]. Glucocorticoids induce hypogonadism through inhibi-
tion of estrogens and androgens, but without a clear bone
effect. Glucocorticoids also have a deleterious effect on mus-
cle strength resulting in increased risk of fall and subsequently,
an increased risk of fracture [34]. Lastly, glucocorticoids
might influence calcium homeostasis, but this effect remains
controversial. There is some evidence that glucocorticoid in-
hibits calcium absorption in the intestinal tract, but other stud-
ies showed no decrement in calcium serum levels or a para-
thyroid hormone (PTH) increase [35]. These discordant re-
ports may be related to the variability of vitamin D insuffi-
ciency prevalence in patients on glucocorticoids. Moreover,
the renal handling of calcium and phosphate is also controver-
sial due to the variable underlying conditions that can have
independent effects on renal mineral excretion (e.g., sarcoid-
osis). In chronic glucocorticoid use, calcium net excretion
increases due in part to mobilization of skeletal calcium.
This perturbed mineral homeostasis may increase PTH secre-
tion with the development of secondary hyperparathyroidism.
Young healthy men who were administered 50 mg/day of
prednisone for up to 6 months did not experience an increase
in PTH nor a decrease in serum calcium [35]. Given the con-
flicting evidence to date, it is unlikely that changes in bone
mineral homeostasis play a significant role in GIOP. In
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summary, GIOP differs substantially from postmenopausal
osteoporosis in terms of pathophysiological mechanisms and
time course. Patients on glucocorticoids have reduced bone
formation, enhanced bone resorption, impaired bone architec-
ture and experience fractures earlier than postmenopausal
osteoporosis.

Non-pharmacologic treatment options for GIOP:
calcium and vitamin D

Sufficient calcium and vitamin D are critical for the prevention
and treatment of GIOP, particularly in light of the calciuria that
may occur early with glucocorticoid use. Meta-analyses
showed a reduction of fracture rate in patients treated with
alfacalcidol and calcitriol compared with a placebo [36, 37].
Despite these results, the use of calcium and vitamin D sup-
plements alone for fracture preventions is controversial in os-
teoporosis overall and inferior to bisphosphonate treatment for
GIOP [37].

Pharmacologic treatment options for GIOP

To date, six large randomized clinical trials on pharmacologic
or biologic therapies for GIOP have been conducted. These
clinical trials provide key information about GIOP therapy,
but comparisons within and between studies are limited due
to study design heterogeneity including variability in study
subject age, menopausal status, underlying conditions, comor-
bidities, cotherapies, and baseline bone mass status and previ-
ous history of fractures. Another important difference between
and within studies resides in a “prevention” vs “treatment”
designation, referring to whether the study subject is a new or
prevalent user of glucocorticoids, respectively. For example, a
clinical trial of alendronate compared with placebo [38] had
53% post-menopausal women compared with a clinical trial
evaluating teriparatide vs alendronate where 83% of women
were post-menopausal [39]. Furthermore, the underlying
condition that required glucocorticoids differed in the
alendronate trial, 19% of the patients were affected by SLE
and 30% by rheumatoid arthritis [38] compared with 8% and
40%, respectively, in a risedronate trial [40]. Baseline
prevalence of vertebral fracture also differed 15% fracture rate
in the treatment arm of the alendronate trial [38] compared
with a 30% fracture rate in the risedronate trial [41].

Bisphosphonates

Similar to post-menopausal osteoporosis, bisphosphonates
are the most widely used therapy in GIOP, and a number of
studies have assessed their efficacy (Table 1). Oral
alendronate (5/10 mg once a day or 70 mg once weekly)
[38, 42, 43], risedronate (5 mg once a day or 35 mg once
weekly) [40, 41, 44, 45], ibandronate (150 mg PO monthly

or 2-3 mg IV every 3 months) [46-48], and zoledronic acid
(5 mg IV once every year) [49] are all efficacious for treating
GIOP. All four bisphosphonates increased lumbar spine and
hip BMD more than placebo, or for zoledronic acid com-
pared with risedronate and for ibandronate compared with
alfacalcidol.

Alendronate In the pivotal clinical trial comparing daily oral
alendronate to placebo [38] after 48 weeks, alendronate im-
proved lumbar spine BMD by 2.9% compared with the base-
line while with placebo BMD was reduced by 0.4%. In a 12-
month randomized, placebo-controlled clinical trial, weekly
alendronate appeared largely similar in effects on BMD to
daily in GIOP [43]. Alendronate, risedronate, and ibandronate
have all shown at least preliminary evidence for vertebral
fracture prevention [38, 41, 44—46]. There was a trend towards
vertebral fracture risk reduction in the first year of the pivotal
alendronate study and 90% significant reduction of vertebral
fracture risk in the open-label extension study at 2 years [42].
While non-vertebral fractures were far too few in number to
draw conclusions from GIOP-randomized clinical trials, ob-
servational data from a Swedish national database demonstrat-
ed that alendronate significantly reduced the risk of hip frac-
ture (HR 0.35, 95% ClI, 0.22-0.54) [50].

Risedronate Risedronate increased the lumbar spine BMD by
3.4% compared with placebo but only by 0.6% compared with
baseline [41]. Another study evaluating risedronate in GIOP
patients with lower baseline BMD showed an improvement of
2.9% on lumbar spine BMD within 1 year compared with
baseline [44]. These clinical trials were conducted in parallel,
under similar protocols but were then combined for aggregate
analysis [45]. In the combined analysis, the overall vertebral
fracture risk reduction with risedronate was 70% versus pla-
cebo (p=0.01).

Ibandronate Ibandronate prevented bone loss associated with
glucocorticoid use [46—48], and in a high-risk cohort of car-
diac transplanted patients treated with 15 mg/day of predni-
sone equivalent, ibandronate reduced fracture risk by 75%
after 12 months compared with placebo [48].

Zoledronic acid Zoledronic acid improved BMD to a greater
extent than risedronate but failed to achieve direct evidence of
fracture prevention, possibly due to a low fracture rate in the
population under analysis in an active comparator study that
did not require a BMD inclusion criteria [49].

A 2016 meta-analysis on bisphosphonates for GIOP in-
cluded 27 randomized controlled trials containing 3075 pa-
tients [51]. In this analysis, 7.7% of people experienced a
new vertebral fracture in the control arm compared with
4.4% in the bisphosphonate arm; overall fracture risk reduc-
tion was 43% with bisphosphonates (95% CI, 9.0 to 65.0%).
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Bisphosphonates are relatively safe, well-tolerated drugs.
The risk of osteonecrosis of the jaw and atypical femur frac-
tures remains exceedingly low; however, there are anecdotal
reports of these rare events and a theoretical concern that in a
low turnover state such as GIOP these problems might be
accentuated [52—54]. Indeed, glucocorticoid use has been as-
sociated with an increased risk of osteonecrosis of the jaw
[55]. Compelling data on these safety signals are lacking from
GIOP clinical trials due to the comparatively small number of
patients included in these studies.

S

Denosumab

A randomized double-blind, double-dummy, active-
controlled study on the use of denosumab versus risedronate
in GIOP [56] showed greater BMD at lumbar spine compared
to risedronate in both glucocorticoid-continuing (4.4% vs
2.3%) and glucocorticoid-initiating (3.8% vs 0.8%) subpopu-
lations. Serious infections were similar in the two groups,

infusion. Acute phase reactions
Branded, greater compliance with twice yearly use. Increased

fracture risk with discontinuation
Branded, reduced compliance due to daily subcutaneous injection.

Flushing and hypercalcemia

Available as generic, greater compliance due to one yearly IV
Available as generic, rare VTE and CV events

Available as generic, GI AEs*
Available as generic, GI AEs*
Available as generic, GI AEs*

Approved for GIOP Clinical tips

@ although the study was underpowered for this safety outcome.
2 Of the 17 patients in the denosumab group who were also
ELS S S S S S ONS taking concomitant biologic medications for inflammatory
diseases, none experienced serious infection compared with
% 5 & e~ & B two (7%) in the risedronate group. There was no difference
5; 18 £ e Z2 2 2 2 between treatment arms in fracture outcomes. One concern of
8 § g 3 2 é 2 8 % % particular special relevance to GIOP is the possible increase in
é gz 2 2352 2 2 2 vertebral fracture after stopping denosumab [57, 58], particu-
BEIS S S 5 S S S larly since these patients are younger and may discontinue
5 g glucocorticoid at some point. Thus, how to prescribe and man-
= é ol age denosumab (when to stop and what to follow it with) in
BE|5 & 2% _ those who stop glucocorticoids requires pre-planning, and fur-
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B & - - DN only a partial inhibition of the bone formation than seen with

glucocorticoids alone, and the strength of the bone was the
same after combined treatment [59]. However, the response to
teriparatide was somewhat attenuated by glucocorticoids

Clinical tips—comparing treatment options in glucocorticoid-induced osteoporosis
BPs bisphosphonates, VTE venous thromboembolism, CV cardiovascular. * Atypical femoral fracture and osteonecrosis of the jaw have been reported rarely with the use of alendronate, risedronate, ibandronate,

GIOP glucocorticoid-induced osteoporosis, PO oral administration, PBO placebo, GI AEs gastrointestinal adverse events, /V intravenous, RIS risedronate, SC subcutaneous, BMD bone mineral density, ALN alendronate,
zoledronic acid, and denosumab. *Most of the multiple vertebral fractures have been reported after long-term treatment with denosumab
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high-risk patients (i.e., older adults starting higher dose ste-
roids, multiple prior fractures, and very low initial bone mass),
potentially even as an initial GIOP drug. However, due to
teriparatide’s significantly higher cost than generic therapies
and the inconvenience of a once-daily subcutaneous adminis-
tration, its use in GIOP is limited.

Hormone replacement therapy (HRT), selective estrogen
receptor modulators (SERMs), and testosterone

The efficacy of sex steroid as therapeutic agents in GIOP had
been seen in small clinical trials without drug registration in-
dications [66—69]. However, a large randomized controlled
trial from the Women’s Health Initiative provided evidence
of increased risk of coronary heart disease, stroke, pulmonary
embolism, and breast cancer in older women treated with es-
trogens who were not on glucocorticoids [70]. Nevertheless,
short-term HRT and SERMs may be considered, respectively,
in symptomatic women with postmenopausal symptoms and
young women with contraindications to more extensively test-
ed GIOP therapies, who do not have contraindications to es-
trogen or estrogen-like moiety. This may be problematic in
patients with connective tissue diseases taking glucocorticoids
who, not uncommonly, are at higher risk of thromboembolic
diatheses. Data from three clinical trials evaluating testoster-
one in GIOP patients demonstrated efficacy in increasing
BMD, particularly of note was a moderate increase in lumbar
spine BMD [71-74]. Similar to HRT and SERMs, testosterone
should be considered in selected patients (i.e., men suffering
from symptomatic hypogonadism) taking chronic glucocorti-
coids and may be contraindicated due to possibly short- and
long-term safety concerns when other better-tested and more
bone-specific therapies.

Cost-effectiveness of treatment and long-term compliance

GIOP treatment should take into account efficacy, safety, ad-
herence, and at a societal level, cost-effectiveness. With the
lengthening of life expectancy and the surprising growing
worldwide usage of glucocorticoids, GIOP is both an econom-
ic and clinical problem. Despite the overwhelming clinical
evidence available, only approximately 1 out of 5 US patients
on glucocorticoids is taking an osteoporosis medication [75,
76]. Bisphosphonates are now all available as generic drugs
and represent the least expensive medication option for GIOP.
A Markov microsimulation model determined the cost-
effectiveness of using bisphosphonates for patients with
GIOP [77]. Assumptions included that the intervention had
no incremental cost, and under these circumstances, the resul-
tant incremental cost-effectiveness ratios (ICERs) were
$188,000 per hip fracture averted and $273,000 per quality
adjusted life years (QALY). The same analysis revealed that
when a generic antiosteoporotic drug is used in a high-risk

cohort of patient with optimal treatment adherence; the
ICERs improved significantly to $84,000 per QALY and
$57,900 per fracture averted [77]. In another analysis of the
use of bisphosphonates in patients taking 5 mg of prednisone
equivalent daily, the cost per one QALY gained with
bisphosphonates varied from approximately $53,300 in wom-
en aged < 60 years, $22,100 in women aged 6079 years, and
$6500 in women aged >80 years. With 15 mg of prednisone
equivalent, the same set of women varied from $22,100,
$16,900, and $19,500 respectively [78]. Another analysis
showed that the ICER of 5-year alendronate therapy ranged
from $10,958 in the best-case scenario (45-year-old women
with prevalent fracture treated with 10 mg/day of prednisone
equivalent) to $66,791 in the worst-case scenario (65-year-old
woman without previous fractures treated with 2.5 mg/day of
prednisone equivalent) [79]. Teriparatide may be one of the
most effective treatments for GIOP having shown superior
fracture prevention to alendronate [39]; however, it is current-
ly the most expensive drug available to treat GIOP. A com-
puter simulation model among higher risk patients (women
aged more than 69 years with T-score <2.5) showed that
teriparatide is justifiable as first-line treatment at a cost per
QALY (quality-adjusted life year) threshold of $50,000.

GIOP monitoring

Dual-energy X-ray absorptiometry, FRAX, and trabecular
bone score

Algorithms had been developed to better quantify the fracture
risk in GIOP patients most incorporating use of FRAX to help
risk stratify [80, 81]; however, the FRAX algorithm instru-
ment includes only a dichotomous variable for glucocorti-
coids, an assumption that does not consider treatment duration
and dosage concurrently. FRAX can be adjusted to account
for daily dosage but not for the cumulative dosage or length of
use [82]. The FRAX and a number of other algorithms lack
the ability to provide estimates for young patients, many of
whom use glucocorticoids. The current American College of
Rheumatology (ACR) guidelines on prevention and treatment
of GIOP advise a baseline DXA evaluation to better discrim-
inate the high-risk patients from lower-risk patients and where
appropriate to consider serial DXA after treatment [83]. The
trabecular bone score may preferentially capture differences
between drugs in therapeutic response in women treated with
glucocorticoids relative to routine DXA [61].

High-resolution peripheral computed tomography (HRpQCT)
with finite element analysis

Comparing postmenopausal women treated with glucocorti-

coids and controls, women treated with glucocorticoids had
lower cortical and trabecular volumetric BMD, with fewer
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incorporate the FRAX and set the threshold for intervention
at > 7.5 mg of prednisone equivalent [90, 91]. The UK
National Osteoporosis Guideline Group (NOGG) on GIOP
suggests antiosteoporotic therapies for women and men age
>70 years, with a previous fragility fracture, or who are
taking high doses of glucocorticoids (>7.5 mg/day predni-
sone equivalent). They recommend that in all other individ-
uals, the risk should be assessed with the 2011 updated
FRAX. These strategies might underestimate the risk in pa-
tients chronically treated with a lower dosage of glucocorti-
coids. Another example of prevention and treatment strategy
comes from 2016 Italian guidelines and reimbursability
criteria for treatment of GIOP [92]. In this guideline, post-
menopausal women and men > 50 years without history of
fragility fracture, with an expected treatment of > 3 months,
and with >5 mg/day of prednisone equivalent should be
treated with oral or IV bisphosphonates as the first line and
with denosumab as the second line of treatment. Within this
same guideline, patients with a vertebral or hip fracture treat-
ed with > 5 mg/day of prednisone equivalent should be treat-
ed with teriparatide as the first line of treatment.

Conclusions

GIOP is a well-recognized public health problem that causes
disability and mortality. The key points to be aware in the
treatment of GIOP are as follows: (1) GIOP is a problem not
only in the elderly; (2) imminent fracture risk in GIOP rises
quickly after the initiation of glucocorticoids but is also related
to time and dosage of glucocorticoids (i.e., the higher the
dosage and the longer the treatment, the greater the risk); (3)
the pathogenesis of GIOP is complex, including reduced bone
formation and increased bone resorption; (4) the assessment of
fracture risk in GIOP patients can be difficult, but guidelines
suggest tools to better estimate the risk and to guide the treat-
ment selection; and (5) clinicians have GIOP medications in
their armamentarium, all with demonstrated efficacy for im-
proving bone mineral density and several with suggested ef-
ficacy in reducing fracture, in particular reducing vertebral
fracture risk.

Learning objectives

1. To understand pathogenesis, epidemiology, and clinical
and societal burden of GIOP.

2. To understand the risk of glucocorticoid depending on
duration and dose of treatment.

3. To acknowledge all the possible therapeutic options and
international society guidelines differences.
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