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ABSTRACT

Introduction: Endogenous or exogenous (corticosteroid-induced) glucocorticoids (GCs) excess repre-
sents, together with diabetes, the most common cause of secondary osteoporosis.

Areas covered: We present a comprehensive overview about the pathophysiology, clinical manage-
ment and treatment of GCs induced osteoporosis (GIOP). According to PRISMA guidelines, a literature
search identifying articles about bone and GCs was done.

Expert opinion: Despite the progress over the years and the increase in therapeutic options, there still
are controversial issues about the management of GIOP. These mainly include the failure of BMD or
FRAX to completely account for the rapid increase in fracture risk of most GC-treated patients, the
understanding about the independent contribution on bone fragility of the underlying disease requir-
ing GCs therapy, and the necessity of clearer information about the anti-fracture efficacy and long term-
safety of most therapeutic options. Moreover, there are no specific indications for the management of
bone fragility in endogenous hypercortisolism. Notwithstanding the above limitations there is a general
consensus to recommend an assessment of fracture risk in all individuals >40 years committed to
receive (or continuing) high dose (>7.5 mg of prednisone equivalent) GCs for >3 months and in all
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patients with fragility fracture history.

1. Introduction

The increase in bone fragility as a consequence to endogen-
ous excess of glucocorticoids (GCs) was first described by
Harvey Cushing in 1932 [1]. Conversely, the most common
association between pharmacological GCs administration
(leading to exogenous GC excess) and osteoporosis has been
more recently described [2,3].

To date, a large number of clinical and experimental evi-
dences clearly indicate that treatment with GCs leads to
a significant loss of bone mass and quality resulting in bone
fragility and fractures [4,5,6,7,8]. This mostly occurs through
different pathophysiological mechanisms from age-related or
postmenopausal osteoporosis. Moreover, bone loss and bone
fragility occur rapidly when GCs are initiated. Indeed, in most
instances the underlying inflammatory condition for which
GCs are given, may per se be harmful for the skeleton [9,10].
However, despite the awareness about glucocorticoid induced
osteoporosis (GIOP) has increased over the recent years, with
the availability of effective treatment options, this condition
still remains under-recognized and under-treated [11,12,13].

In this review article we provide an update on the patho-
physiology of both exogenous and endogenous glucocorti-
coid induced osteoporosis (GIOP) and on its clinical
implications. According to PRISMA guidelines, PubMed and
MEDLINE were searched for identifying articles published
between January 1960 and December 2019 about bone and

GCs. In particular, we combined the terms ‘glucocorticoid(s)’
and/or ‘cortisol’ and/or ‘cortisone’ and/or ‘prednisone’ and/or
‘methylprednisolone’ and/or ‘dexamethasone’ and/or ‘beta-
methasone’ and/or ‘hypercortisolism’ and or ‘Cushing’ with
the terms ‘bone’ and/or ‘skeletal tissue’ and/or ‘bone mineral
density’ and/or ‘bone fragility’ and/or ‘fragility fractures’ and/
or ‘osteoporosis’. We considered articles focused on the effect
of GCs on bone metabolism, bone turnover, bone mineral
density (BMD) and fragility fracture. Only publications in
English were included.

2. Exogenous glucocorticoid induced osteoporosis
2.1. Epidemiology

GCs are commonly used for the management of a wide range
of diseases and particularly for autoimmune and inflammatory
disorders. It has been estimated that up to 1-2% of the gen-
eral population is receiving long term oral GCs therapy [14,15].
Among the several implications of GCs use, bone loss and
fragility fractures are frequently reported. Information deriving
from population-based epidemiologic studies indicates that
up to 30-40% of individuals using long-term GCs may experi-
ence a fragility fracture [4,5,16,17]. Fractures can occur at any
skeletal site, although are more common at trabecular sites
and particularly at the vertebral bodies [4,7]. In most cases
fracture risk increases rapidly (within the first 3 months of GCs
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Article highlights

e Glucocorticoids (GCs) induced osteoporosis (GIOP) is the most fre-
quent cause of secondary osteoporosis worldwide.

o GIOP most frequently arises a consequence of GC therapy (exogenous
cortisol excess) but can be also observed in patients with Cushing
syndrome or subclinical hypercortisolism (endogenous cortisol
excess).

¢ In both exogenous or endogenous cortisol excess, GIOP is character-
ized by a rapid and transient increase in bone resorption, accompa-
nied by a long lasting inhibition of bone formation and of osteocyte
activity. As a consequence, fracture risk increases rapidly (within 3
months of GC treatment) and is in part unrelated to loss of bone
density.

e To date the clinical management of GIOP is still debated and the
recent guidelines differ in their indications for pharmacological inter-
vention. There is however a general agreement on recommending an
assessment of fracture risk and a therapy with bone active drugs at
least in all individuals committed to receive high dose, GCs for 3
months or longer. Conversely there is no general consensus on the
management of fracture risk in patients with endogenous cortisol
excess.

e Oral, nitrogen-bisphosphonates (N-BPs) such as alendronate and
risedronate actually represent the most prescribed and cost-
effective drugs as first line therapy of GIOP.

¢ In the recent years more potent antiresorptive agents (i.e. zoledro-
nate and denosumab) or compounds with anabolic activity on bone
(i.e. teriparatide, abaloparatide and romosozumab) have been
approved for the treatment of osteoporosis and are expected to
improve the management of GIOP, particularly in patients at highest
risk of fractures.

therapy) leading to an ‘imminent risk of fracture’ [4,8], which is
significantly affected by the dosage and the duration of treat-
ment [16]. In fact, patients taking high daily (= 15 mg pre-
dnisone equivalent) or cumulative (= 1 g prednisone
equivalent) GCs dosages have an increased risk of fracture
compared with patients taking lower doses [16,18].
Moreover, in subjects chronically using GCs the incidence of
fractures is twofold increased (5%) as compared with subjects
with a short duration of treatment (2.5%) [5].

Indeed, many chronic inflammatory conditions for which
GCs are given, may directly affect bone health independently
of the dosage and the length of GC therapy. This has been
well established in patients with rheumatoid arthritis (RA) or
chronic obstructive pulmonary disease (COPD), where pro-
longed treatment with GCs is also common. In fact, RA directly
increases bone loss independently of GC use, and fracture risk
further increases more than 3-fold when higher GC dosages
are used (=15 mg/day prednisone equivalents) [19]. Likewise
in COPD, several factors other than GC treatment may nega-
tively affect bone strength [20,21], including systemic inflam-
mation, reduced physical activity, hypoxia and smoking habit.
Finally, in patients with polymyalgia and giant cell arteritis
before being treated with GCs, the fracture incidence is similar
to that found in patients treated with GCs for RA and the GCs
administration seems to further increase the fracture risk by
approximately 65% [20]. Therefore, despite the well-
established direct negative effects of GCs on bone quality, in
most if not all of these inflammatory conditions, the use of
GCs might also retain beneficial effects on bone by reducing
the state of chronic inflammation. In COPD patients, for exam-
ple, low doses of inhaled corticosteroids may be of benefit, by

decreasing lung inflammation and reducing the disease
exacerbations, thus, ultimately, protecting bone [10].

While the negative skeletal effects of prolonged, high
dosage GC treatment given orally or intravenously have
been well established for many disorders, the independent
role of inhaled GCs on the risk of fracture in COPD patients
still remains a matter of debate [22]. This is also due to the fact
that a consistent proportion of these patients also receives
periodic bursts of oral or parenteral GCs [23]. Based on the
available evidence, an increase in fracture risk is generally
observed for inhaled GCs use longer than 8 years at doses
higher than 600 pg/day of beclomethasone or equivalent
[24,25]. Conversely, the use of conventional inhaled GCs
dosages for 2-3 years has not been clearly associated with
bone loss or fractures in patients with mild COPD [6,26].

Scarce data are available regarding the possibility that using
pulse administered GCs may reduce the risk of bone damage.
However, as the cumulative dose of GCs seems to be associated
with fracture risk, it is conceivable that even pulse administered
GCs could be deleterious for the skeletal health depending on
the therapy duration. On the contrary, topical steroids do not
seem to be associated with fracture risk increase [6].

Finally, the steroid substitutive therapy seems to be not
associated with reduced BMD for those patients treated with
hydrocortisone at physiological doses (i.e 0.2-0.3 mg/kg/day
hydrocortisone), but that other factors might impact on bone
health in these patients. Indeed, in patients with Addison’s
disease the risk of fracture was found to be 3 fold increased in
the year prior to the diagnosis, therefore suggesting that the
cause of the increased fracture incidence was not related to
GCs replacement [7]. In general, the available data suggest
that fracture risk might be increased in patients who are over
treated as well as those who are undertreated with replace-
ment GCs [7]. In these latter patients, the reduced physical
activity and muscle function and the inflammatory milieu
could play a role in increasing the fracture risk [7].

At this regard, albeit the effect of GCs on protein synthesis and
muscle functions is not among the aims of the present review, it
is important to point out that such an ‘imminent’ risk of fracture
following GCs exposure is also caused by the GCs-induced myo-
pathy and the subsequent increased risk of falling [7,8].

2.2. Pathophysiology

It is now well established that GCs excess affects bone by
either direct effects on bone cells or indirect effects on hor-
monal status and calcium metabolism [7,27,28] (Figure 1).

As first, a transient increase in bone resorption due to
enhanced osteoclast activity is described during the initial
phase of GCs exposure, that is associated with a parallel and
long lasting inhibition of bone formation. Such a negative
uncoupling between bone formation and bone resorption
phases is believed to be crucial for the rapid increase in fracture
risk observed in the first months of GCs treatment [29].

Either osteoblast or osteocyte function is also severely
impaired by GCs therapy. In fact, upon stimulation of peroxisome
proliferator activated receptor gamma receptor 2 (PPARy2)
expression, GCs favor the differentiation of mesenchymal stem
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Figure 1. Pathogenesis of glucocorticoid induced osteoporosis. Glucocorticoid excess affects bone by either direct effects on bone cells (boxed in red) or indirect
effects (boxed in blue) on hormonal status and calcium metabolism. Solid arrows indicate the pathogenetic pathways with a major role in glucocorticoid-induced

bone fragility.

cells toward the adipocyte lineage, thus reducing osteoblast
differentiation and formation [30]. Moreover, GCs directly impair
osteoblast function through the inhibition of the canonical Wnt/
[-catenin signaling pathway [31]. This mainly occurs due to an
increased expression of Wnt antagonists such as sclerostin and
dickkopf-1 [32]. Alteration of autophagy [33] and increased
osteoblast apoptosis [34] have been also described during GCs
treatment. Finally, GCs reduce the production of growth hor-
mone and insulin-like growth factor, which are well-known sti-
mulators of osteoblasts [35,36]. Consistent with all these effects,
biochemical markers of bone formation decline rapidly following
the initiation of GCs therapy, including the use of inhaled or
intrarticular regimens [37]. The negative effects of GCs on bone
are also driven by a reduction in the function and the number of
osteocytes [38]. Indeed, the GCs-induced loss of osteocyte func-
tion is considered a key mechanism for the impaired bone
architecture and, thus, bone quality [39], thus explaining why
patients exposed to GCs experience fracture at higher BMD levels
as compared with the general population [40,41]. Likewise, the
GCs-induced loss of osteocyte function is among the mechan-
isms underlying the GCs induced avascular necrosis [17]

Several indirect mechanisms of GCs might also contribute to
GIOP and increased risk of fractures (Figure 1). These mainly
include induction of hypogonadism [42,43] and reduction of
muscle mass and strength, leading to increased risk of falls [44]
and possibly reducing myocyte production of hormones that are
relevant for skeletal health [46]. Moreover, there is also evidence
suggesting that GCs excess might influence calcium balance, by
inhibiting calcium absorption in the intestinal tract and increasing
renal excretion [47]. However the clinical impact of these altera-
tions in calcium homeostasis in GIOP remains controversial [46].

3. Endogenous glucocorticoid induced osteoporosis
3.1. Epidemiology

Endogenous GIOP may be due to the presence of clinically overt
hypercortisolism (Cushing’s syndrome, CS) or of a subclinical
cortisol excess (subclinical hypercortisolm, SH). The former is
characterized by specific signs and symptoms (e.g. plethora,
easy bruising, buffalo hump, moon facies), while the latter is
characterized by the presence of cortisol excess without the
typical signs and symptoms of CS. Both forms are associated
with increased mortality and may lead to chronic complications
of GCs excess including osteoporosis and fragility fractures
[48,49,50]. In both CS and SH the GCs excess may depend on
either excessive secretion of adrenocorticotropic hormone (from
a pituitary or other ectopic tumor) or autonomous adrenal hyper-
function. While CS is considered a rare disease (with a prevalence
~1/500.000 individuals), SH prevalence is estimated to be present
in 0.2 — 2.0% of adults. Indeed, SH is present in 5-30% of patients
with incidentally discovered adrenal masses, which may be
described in up to 4-7% of adults [48]. Interestingly, some data
show that SH may be even more prevalent in populations at risk
such as in patients affected with fragility fractures and/or dia-
betes [51,52]. This higher than expected prevalence, renders SH
a condition of growing interest, possibly deserving a specific
pharmacologic approach [52].

The prevalence of osteoporosis in CS patients can be esti-
mated between 30% and 70%. However, bone loss does not fully
explain the high fracture risk observed in CS, and fragility frac-
tures, more commonly at the vertebral level, occur approxi-
mately in 30-65% of CS patients. Importantly, vertebral
fractures are often asymptomatic and may occur in the presence
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of normal BMD (about 50% and 10% of cases, respectively)
[42,50,53]. Despite in SH patients the BMD is generally higher
than in CS patients, the risk of fracture is comparable between SH
and CS patients, especially at the vertebral level [54]. Importantly,
a fragility fracture can be the presenting sign of an otherwise
asymptomatic endogenous cortisol excess [55].

To preserve bone and muscle from CS we must firstly cure
hypercortisolism itself. After recovery from CS, BMD generally
increases. However, in some patients BMD recovers slowly and
it may take up to 5 years for BMD to normalize. Overall, the
fracture risk begins to decrease two years after cure. High
corticosteroid substitutive therapy, hypovitaminosis D, hypo-
gonadism, growth hormone deficiency and reduced physical
activity are the main causes for the lack of bone and muscle
recovery after successful therapy of hypercortisolism
[46,50,54,55].

3.2. Pathophysiology

As in exogenous GIOP, the endogenous forms of GCs excess
are mainly characterized by reduced bone apposition due to
an impairment of osteoblasts and osteocyte function. At var-
iance with the exogenous GIOP, in case of GCs excess follow-
ing CS or SH the onset of the GCs exposure is not known and,
therefore, the initial phase of increased bone resorption can-
not generally be appreciated. Moreover, up to 40% of patients
may experience fragility fractures in spite of a normal or only
‘osteopenic’ BMD, as a result of a decreased bone quality
rather than bone density [56,57]. Even in endogenous GIOP,
secondary hypogonadism and/or concomitant growth hor-
mone deficiency may contribute to bone loss, even though
in both CS and SH patients fractures often occur regardless of
eugonadal status [42,57]. Finally, the cortisol-induced myopa-
thy is also a typical feature of CS and thus the risk of fractures
in these patients is also related to the reduced muscle func-
tion and increased risk of falls [49].

4. Assessment and management of fracture risk in
patients with GC excess

4.1. General considerations

Firstly, it is important to underscore that both steroid dosage
and treatment duration play a role in increasing the fracture
risk in GCs treated patients. Unfortunately, as mentioned
above, in GIOP the BMD determination is only partially useful
for the stratification of fracture risk due to decrease in bone
quality rather than a reduced bone density. Moreover, the risk
of fracture increases immediately after starting GC therapy (i.e.
within the first 3 months) and before a significant BMD
decrease has occurred. Thus, for any given BMD T-score,
patients taking GCs are at increased risk of fractures as com-
pared to subjects not receiving GCs [40,58]. As a consequence,
if BMD does not entirely reflect the risk of fractures in GIOP,
a thorough clinical evaluation is of utmost importance in
approaching patients taking GCs, particularly if high and long-
term dosages are used [59].

In order to overcome the above limitations, the 10-yr
osteoporotic fracture risk assessment tool (FRAX), includes

the presence of GC treatment among the risk factors for
estimating fracture risk in the single individual. This tool
certainly increases the accuracy in fracture risk stratification,
in patients treated with GCs. However, a major limitation of
FRAX is that it does not consider neither GC dosage or
treatment duration. In general, the use of FRAX seems to
be adequate for patients taking intermediate dosage of GC
therapy (2.5-7.5 mg/daily). On the contrary, the fracture risk
should be decreased by approximately 20% in patients
treated with lower doses (i.e. 2.5 mg daily) and increased
by about 15% in patients treated with high doses (>7.5 mg
daily) [60]. Alternatively, the American College of
Rheumatology (ACR) guidelines suggest that the risk of
major osteoporotic fracture calculated by FRAX should be
increased by 1.15, and the risk of hip fracture by 1.2, if the
GCs prednisone equivalent dose is 7.5 mg/day or above
[61]. Notwithstanding the usefulness of these guidelines
for identifying GCs treated patients at risk for fracture, in
the clinical practice, the assessment of morphometric ver-
tebral fractures (e.g. through x-ray or DXA-based vertebral
fracture assessment) should be also recommended in
patients with GCs excess (both exogenous or endogenous),
in particular for those individuals with height loss and/or
other risk factors for fractures beside GCs excess. Indeed,
the number and the severity of vertebral fractures (even if
asymptomatic) have been suggested to reflect a decrease in
bone quality and to represent an useful tool to estimate the
fracture risk over time [62], including in patients with GCs
excess [63]. A relevant limitation is that this approach is an
indirect tool for estimating bone quality and can be used
for the stratification of fracture risk after a first fracture has
already occurred.

To date, bone quality and bone microarchitecture can be
directly assessed only with invasive or expensive techniques
(e.g. histomorphometric or micro-computed tomography
analysis of invasively obtained bone biopsy sample). This
explains the recent efforts in developing other non invasive
and less expensive techniques such as the trabecular bone
score (TBS), which is a gray-level texture measurement
obtained from the routine images acquired during a DXA
lumbar spine scan. Beside its use in primary osteoporosis
[64], TBS has been studied in GIOP and showed a greater
discriminative power than BMD for fracture risk assessment
in both GCs treated patients [65] and those with endogen-
ous hypercortisolism [56]. In particular, in patients with
endogenous GCs excess and a BMD Z-score above 0.0, the
presence of a TBS Z-score above —1.5 showed a 88% speci-
ficity for excluding morphometric vertebral fractures, thus
confirming the utility of this approach as a complementary
tool in the management of GIOP [56]. In a smaller number
of cases followed prospectively, TBS predicted the occur-
rence of a new fracture regardless of LS-BMD, BMI, and age
[56]. Finally, TBS has been suggested to be more accurate
than routine DXA in discriminating treatment effects of
anabolic versus antiresorptive drugs in GCs-treated women
[66]. Despite these indications, TBS is not widely available in
the clinical practice, and, for this reason, it has not been
included in the flow-chart of the recently released ACR
guidelines.



4.2. Exogenous glucocorticoid excess

The ACR guidelines suggest that in all patients treated with GCs,
within 6 months, an initial clinical fracture risk assessment should
include the details of dose, duration and pattern of GCs use, an
evaluation for falls, fractures, frailty, classic osteoporosis risk factors
(e.g. malnutrition, significant weight loss or low body weight,
hypogonadism, secondary hyperparathyroidism, thyroid disease,
family history of hip fracture, history of alcohol use or smoking) and
other clinical comorbidities, together with a physical examination
including measurement of weight and height, the evaluation of
muscle strength, and the assessment for other clinical signs of
undiagnosed fractures (e.g. deformity and reduced space between
lower ribs and upper pelvis), as appropriate given the patient’s age
[61]]. In children no further clinical initial assessments are sug-
gested. In adults below 40 years of age a BMD evaluation should
be obtained within 6 months of GC treatment if in the presence of
the classic osteoporosis risk factors and/or a previous fracture,
while in all adults aged 40 years or above a GC-adjusted FRAX
calculation and BMD testing should be obtained within 6 months
from the start of GC treatment. In all patients a clinical reassess-
ment should be done every 12 months. In adults below 40 years of
age a BMD revaluation should be obtained, whether treated or
untreated, every 2-3 years in case of a history of fragility fracture,
a Z-score below —3.0, a 10%/year bone loss, a very high GCs dosage
(e.g. prednisone >30 mg/day and a cumulative dose of >5 g in the
past year) or when the above-mentioned osteoporosis risk factors
are present. In adults older than 40 years the management
depends on whether or not an anti-osteoporotic treatment is
present. In patients never treated with anti-osteoporotic medica-
tions a GC-adjusted FRAX and a BMD testing should be obtained
every 1-3 years. Conversely, during an anti-osteoporotic treat-
ment, the ACR guidelines suggest a BMD testing every 2-3 years
in patients treated with very high GCs doses, or in those who
experienced a fragility fracture, or who are poorly adherent to
the therapy or with classic osteoporosis risk factors [61].

To date, different treatment indications for GIOP in GC-
treated patients have been given by the several guidelines
released in the recent years [61,67,68,69,70]. There is, however,
a general agreement on the necessity of preventive pharma-
cological therapy in all patients beginning or continuing long-
term (=3 months), high dose GCs (>7.5 mg of prednisone or
equivalent). Furthermore, it could be advisable, as suggested
by the ACR guidelines, to treat patients at high and moderate
fracture risk, taking in consideration the patient age.
Summarizing, in adults above 40 years of age the presence
of prior osteoporotic fracture and/or a BMD T-score < -2.5
and/or a 10-year GCs-adjusted FRAX risk of major osteoporotic
fracture >20% or of hip fracture >3% are the criteria for defin-
ing a high fracture risk, whereas GCs treated patients without
previous fracture and with a 10-year GCs-adjusted FRAX risk of
major osteoporotic fracture between 10% and 19% and/or of
hip fracture between 1% and 3% should be considered at
moderate risk of fragility fracture. In adults below 40 years of
age the presence of prior osteoporotic fracture defines a high
risk of fracture and the presence of BMD T-score < —3.0 or
rapid bone loss (=10% over 1 year) and continuing GCs treat-
ment at doses > 7.5 mg/day for =6 months define a moderate
risk of fracture [61].
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Overall, it should be considered that in the current litera-
ture a lack of clarity still exists especially regarding the thresh-
old for the cumulative dose to be considered in clinical
practice, due to the fact that the methods for the calculation
of the cumulative dose were not always comparable and the
possible use of additional sources of GCs (i.e. inhaled GCs) or
auto-medication cannot be ruled out in the individual patient.
However, it is also known that there is no minimal dose of GCs
protective of the risk of fracture [4] and, therefore, all subjects
treated with these drugs have to be carefully evaluated as far
as bone health is concerned, regardless the daily and/or
cumulative GCs dose.

As a general rule and in order to simplify the clinical approach,
there is a wide consensus on the fact that a preventive pharma-
cological intervention should be initiated in the following condi-
tions: 1) all patients older than 40 years of age beginning (within
3 months) or continuing long-term (=3 months), high dose GCs
(>7.5 mg of prednisone or equivalent), 2) in all patients with
fraqgility fracture history (including the morphometric vertebral
fractures); and 3) in all patients with a 10-year GCs-adjusted FRAX
risk of major osteoporotic fracture above 10% and/or of hip
fracture above 1%. However, regarding the latter point, it must
be noted that FRAX is not validated in GIOP. Importantly, the aim
in the management of GIOP patients is to reduce their ‘imminent’
fracture risk, which is not obtainable by using FRAX, that gives
a prediction over 10 years. Therefore, the absence of an increased
fracture risk based on FRAX in GIOP, does not represent, by itself,
a reason for excluding a bone active treatment. Finally, there are
insufficient data to obtain clear information about the role of
these predictive tools in children or adults below 40 years of age.

4.3. Endogenous glucocorticoid excess

If the available guidelines are partially conflicting for patients
with exogenous GCs excess, there are actually no clear indica-
tions for patients affected with endogenous hypercortisolism
[49,54]. Moreover, it is unknown if the guidelines for the
management of exogenous GIOP may be adopted to patients
with endogenous hypercortisolism. Firstly, comparing the GCs
doses with the different degrees of endogenous GCs secretion
is not practicable. Secondly, in exogenous GIOP, GCs are often
given for treating diseases that per se may affect bone quality.
Thirdly, no FRAX stratification method exists in patients with
endogenous hypercortisolism. Finally, in patients with endo-
genous GC excess, removing the cause of hypercortisolism
(e.g. a pituitary ACTH- producing adenoma, or a cortisol pro-
ducing adrenal adenoma or an ACTH-producing ectopic
tumor) leads to a recovery of BMD and to a normalization of
fracture risk [49,54].

The most relevant and available information for the man-
agement of endogenous GIOP due to CS is that the fracture
risk is highest before diagnosis and normalizes only after
2 years after cure [71]. This means that when the cure of CS
is delayed, generally because of diagnostic difficulties, the
bone health has to be taken into serious consideration, and,
on the other hand, that a bone active therapy should be
prolonged for at least 2 years since the normalization of
cortisol levels, particularly in patients at risk. On the basis of
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these considerations, in 2014 a group of experts agreed on
some general indications to be followed for management of
endogenous GIOP [72]. Similarly to what generally recom-
mended in exogenous GC excess, they propose a bone active
treatment for post-menopausal women or men with CS older
than 50 years meeting the following conditions: a) a GC-
adjusted 10-year risk for fractures (calculated by FRAX) higher
than 20%; b) age 70 years or above; c) a BMD T-score below
—1.5 SD; and d) presence of prevalent fragility fractures. These
advices are particularly indicated if the surgical treatment of
CS is not expected to be rapid or if it is not possible.
Premenopausal women or men below 50 years of age in the
absence of fractures and of the classical risk factors for fracture
could be treated with a conservative therapy with calcium and
vitamin D.

The management of GIOP is even more debated in patients
with SH, which is a condition of endogenous GCs excess with-
out the classical signs and symptoms of CS. In fact, no specific
guidelines nor experts consensus have been ever released
concerning the diagnosis of SH and the management of frac-
ture risk in patients with SH [48,54]. However, several data do
suggest that SH may be indeed associated with chronic com-
plications of GCs excess such as cardiovascular events, dia-
betes and fragility fractures [54]. Importantly, as in CS, even in
SH vertebral fractures may occur despite a normal or only
slightly reduced BMD [73]. Moreover, more recent data show
that, if left untreated, SH leads to an increased risk of vertebral
fracture, irrespective of BMD changes, while the SH cure dra-
matically reduces the fracture risk [74]. Thus, based on the
available information, we suggest that in patients with
a cortisol secreting adrenal adenoma performing a spine ima-
ging is advisable in the presence of a cortisol level above 2 pg/
dL after 1 mg overnight dexamethasone suppression test,
since this threshold has been associated with the best diag-
nostic accuracy in predicting the presence and incidence of
a vertebral fracture [75].

5. Treatment of glucocorticoid induced osteoporosis
5.1. Treatment of exogenous hypercortisolism

5.1.1. General measures

The primary indication in patients with GIOP is to reach and
maintain the lowest as possible dosage of GC, and for the short-
est period of time (e.g. considering the use of other antinflam-
matory or immunosuppressive agents, when possible).

Likewise in other forms of osteoporosis sufficient calcium
(1000-1200 mg/day, preferably from dietary sources) and vita-
min D (800 IU/day) intake should be recommended in patients
with GC excess. To date, a general consensus on the adequate
circulating 25-hydroxyvitamin D levels

does not exist, with some organizations suggesting the
20 ng/mL (50 nmol/l) level as the lower threshold of adequacy,
whereas other, like the Endocrine Society, recommending
a threshold level of 30 ng/mL (75 nmol/l) [76]. Indeed, the
adequate 25-hydroxyvitamin D levels are still a debated issue,
and even the season in which these levels are determined is of
importance. In fact, in the Northern Hemisphere, having 25-
hydroxyvitamin D levels at the lower limit of the normal range

may be considered acceptable at the end of the Winter season
but not at the end of the Summer season. Given the reported
negative effects of GCs excess on calcium homeostasis, such
as the reduced intestinal calcium absorption and the increased
renal calcium leak (which could be further enhanced in the
presence of inadequate vitamin D levels), in our opinion,
a cutoff of 30 ng/mL (75 nmol/l) should be probably preferred
in patients with GIOP [47,50,54]. Indeed, adequate calcium and
vitamin D intake may partially attenuate bone loss in GIOP but
are generally insufficient by themselves for most long-term GC
users to prevent fractures. Thus they should be often consid-
ered as an adjunct to bone antiresorptive or anabolic agents.

Additional recommendations should include smoking cessa-
tion, alcohol restriction (less than 3 units per day) and physical
exercise (tailored to the capabilities of each patient). The National
Osteoporosis Foundation and other agencies recommend
weight-bearing exercises for the prevention of osteoporosis
including high impact exercises (i.e. jumping, aerobics, running)
and lower impact exercises (walking and weight training). From
adolescence to adult age resistive exercise can increase bone
strength. In aged individuals, a varied exercise regimen that
includes a mix of high impact (in patients without vertebral
fractures) and weight-bearing training, and aerobic training,
may prevent senile bone loss, while walking and lower impact
activities (i.e. cycling, yoga, and swimming) have marginal effects
[77]. Importantly, in patients with vertebral fractures high impact
training and exercises such as flexion and rotation of the spine
are contraindicated, as they can lead to or worsen vertebral
fractures. In older individuals, balance training is an important
form of exercise to prevent falls. In this respect, an assessment of
sarcopenia and fall risk should be eventually recommended in
elderly individuals with GIOP, because of the risk of steroid-
induced myopathy.

5.1.2. Bisphosphonates (BPs)

Nitrogen containing bisphosphonates (N-BPs) actually repre-
sent the first line option for GIOP worldwide [78]. They inhibit
the farnesyl pyrophosphate synthase, which is an enzyme
involved in several intracellular pathways within the osteo-
clasts (Figure 2), thus leading to osteoclast apoptosis and
inhibition of bone resorption [79]. The inhibition of osteoblast
and osteocyte apoptosis may be an additional therapeutic
mechanisms of N-BPs [80].

Oral N-BPs such as alendronate (10 mg daily or 70 mg weekly)
and risedronate (35 mg weekly or 75 mg for 2 consecutive days
per month) are the most widely used agents for GIOP worldwide.
In clinical trials specifically designed for GIOP both these N-BPs
significantly increased BMD at the spine and hip with respect to
placebo [81,82,83,84,85,86,87]. Moreover, in a 1-year extension
analysis of a previously completed RCT in patients receiving at
least 7.5 mg prednisone or equivalent daily, alendronate treat-
ment was associated with a significant reduction in vertebral
fracture incidence as compared with placebo [82]. A similar result
on the prevention of vertebral fractures was observed with
risedronate, in a combined data analysis from 2 RCTs of patients
receiving moderate-to-high doses of GCs [86,87]. Interestingly, in
these studies, the efficacy of risedronate therapy did not change
across gender, nor in relation to the underlying disease and
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Figure 2. Major intracellular pathways involved in osteoclast function and effects of antiresorptive compounds on glucocorticoid induced osteoporosis.

Nitrogen-bisphosphonates selectively taken up and adsorbed to mineral surfaces in bone, where they are internalized by osteoclasts. Then, they inhibit key enzymes of the mevalonate/
cholesterol biosynthetic pathway and particularly farnesyl pyrophosphate synthase (FPP), preventing the biosynthesis of isoprenoid compounds that are required for the post-translational
prenylation of small GTP-binding proteins (such as rab, rho and rac), which are essential for intracellular signaling events within osteoclasts. The main pathway involved in osteoclast
formation and differentiation is represented by receptor activator of NK-B ligand (RANKL) and its receptor RANK. Upon binding to RANK, different intracellular pathways are activated
including the nuclear factor kappa-light-chain-enhancer of activated B cells (NFkB) which regulates osteoclast formation and activity. Denosumab, a monoclonal antibody against RANKL, is
available in the market to suppress osteoclast activity and prevent the occurrence of osteoporotic fractures.

Other possible targets, based on bone physiology, include cathepsin K (that promote the proteolytic degradation of the organic component of bone matrix) and the vacuolar ATPase (which affect
osteoclast acid production to dissolve the inorganic component of bone matrix); however current efforts to obtain effective and safe compounds against these targets have failed.

In the box are summarized the clinical effects of available antiresorptive agents in glucocorticoid induced osteoporosis. BMD: bone mineral density; i.v.: intravenous; s.c.: subcutaneous; n.a.: not
available

duration of corticosteroid therapy. While the above RCTs were More limited information is available concerning the use of
not powered enough to demonstrate a significant effect of oral  other N-BPs in GIOP. In 3 RCTs in different settings of patients
N-BPs on non-vertebral fractures, more recent observational taking GCs (including cardiac transplanted subjects taking
studies in larger cohorts suggested that either alendronate or 15 mg/day of prednisone equivalent) oral (150 mg/month)
risedronate may significantly reduce the risk of hip and non- and intravenous (2-3 mg every 3 months) ibandronate pre-
vertebral fractures in GIOP [13,88]. vented bone loss and vertebral fractures compared with
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placebo [89,90,91]. In the largest GIOP study conducted to
date, annual infusions of zoledronate produced a greater
BMD gain at the lumbar spine over risedronate at 1 year, but
without any significant difference in the prevention of frac-
tures [92]. However, given the short duration and the lack of
a BMD entry criterion (thus including patients with normal
BMD levels) fracture rate was particularly low in both treat-
ment arms.

In a 2016 Cochrane revision of 27 RCTs on GIOP, N-BPs
demonstrated vertebral fracture risk reductions that were similar
to those seen in postmenopausal osteoporosis (with an overall
number needed to treat for an additional beneficial outcome
equal to 31), while there was low-certainty evidence these drugs
may make little or no difference in preventing nonvertebral
fractures [91]. Cautious was also suggested in interpreting the
data concerning harm and tolerability of these drugs. Indeed, in
spite of the fact that N-BPs are generally well-tolerated, limited
information is available on the safety profile of these drugs in
GIOP, given the short duration of most RCTs and the relatively
small number of participants. As general opinion, it could be
expected that at least some of the side effects related to oral
N-BP treatment might be more prevalent in patients with GIOP
than in women with postmenopausal osteoporosis, due to either
the underlying disease for which GCs are prescribed or the
concomitant use of other medications. In addition, since GIOP
is generally characterized by a low bone turnover condition, the
risk of rare side effects of long term N-BP therapy, such as jaw
osteonecrosis or atypical femoral fractures, might be enhanced
[94]. As far as the latter, the overall absolute risk of atypical
femoral fractures in patients on N-BPs is low (3.2-50 cases per
100.000 person/years), but their long-term use may be asso-
ciated with higher risk (about 100 per 100.000 person/years) [95].

On the other side, indications for taking a drug holiday after
a long term N-BP exposure in GIOP are uncertain and not-
evidence based. Indeed, in adults aged =40 years who have
completed 5 years of oral bisphosphonate treatment and who
continue GCs treatment and are considered to be at moderate-to
-high risk of fracture, the ACR recommends to continue active
treatment (with an oral bisphosphonate beyond 5 years or
switch to IV bisphosphonate in case of concerns with regard to
adherence or absorption) or switch to a treatment with
another class of drugs. This is however, a conditional recommen-
dation mainly based on the general observations from patients
continuing N-BP treatment over a long term, while there are very
low-quality data specifically addressing the benefits and harms in
GC-treated patients [56]. Finally, caution should be also advised
in using these drugs in fertile women, since they can cross the
placenta. In conclusion, even though oral N-BPs still represent
the first choice in many GCs users, it is also conceivable starting
with intravenous zoledronate in those patients with severe
osteoporosis and high fracture risk, in light of its superiority as
compared to oral N-BPs, at least in terms of vertebral BMD gains
and treatment adherence.

5.1.3. Denosumab

Denosumab is a fully human monoclonal antibody against
RANKL (a master activator of osteoclast differentiation), with
a potent inhibitory antiresorptive effect on bone (Figure 2).
Following the positive indications from the large RCTs in

postmenopausal osteoporosis on both increasing BMD and
reducing the vertebral, hip and nonvertebral fracture risk
[96,97], a 24 months, double-blind, active-controlled RCT was
performed in 795 patients receiving GCs (=7.5 mg prednisone
daily, or equivalent) [98]. In this study, denosumab (given as
subcutaneous 60 mg dose every 6 months) led to greater
spinal BMD gains over risedronate, but without any difference
in fracture rates between the 2 treatment arms.

Overall, denosumab is generally well tolerated (with only
a slight increase in the risk of eczema and cellulites during the
first years of treatment described in RCTs in postmenopausal
women) but similarly to N-BPs, its long term use in postme-
nopausal osteoporosis has been associated with jaw osteone-
crosis and atypical femoral fractures. Moreover, concerns on
the rebound increase in both bone resorption and associated
risk of multiple vertebral fractures after treatment discontinua-
tion more recently arose, that theoretically could be particu-
larly relevant in GIOP since either higher vertebral fracture risk
or associated suppression of bone formation coexist.

Thus, as recommended also for other osteoporosis condi-
tions, when it is strictly necessary to discontinue denosumab,
a therapy with N-BPs should be considered in GIOP patients.

Very recently, a systematic review of three eligible studies
on subjects taking systemic GC therapy assigned to take
denosumab and a network metanalysis of RCTs of first-
and second-line drugs to prevent GCs-induced fractures sug-
gested that denosumab appears to be superior to N-BPs, at
least concerning its effects on lumbar spine and total hip BMD,
and thus has to be considered as a reasonable option for
treatment of GIOP [99,100]. Therefore, denosumab could be
used even as the first choice in patients with severe osteo-
porosis and high vertebral fracture risk.

5.1.4. Teriparatide and other bone anabolic agents
Approved drugs with an anabolic effect on bone include the
PTH/PTHrp analogues teriparatide, the recombinant peptide of
PTH consisting of 34 amino acid residues, abaloparatide, the
1-34 recombinant peptide of PTHrP and romosozumab, which
is a human monoclonal antibody against sclerostin (Figure 3).
Indeed, due to the prevalent role of defective bone formation in
GIOP, at least from a biological point of view, the prescription of
drugs targeting osteoblasts and exhibiting a bone anabolic
effect should be more appropriate, especially in those patients
exposed to long term, high dosages GCs. In fact, such com-
pounds may restore both bone quality and quantity to
a greater extent than it could be achievable with bone anti-
resorptive drugs [101]. However, while all these agents have
been tested and approved for the management of postmeno-
pausal osteoporosis, teriparatide is the only available osteoana-
bolic agent that has been tested in RCTs on GIOP.

In a first double-blind, RCT teriparatide (20 mcg/day sub-
cutaneously) was compared to alendronate (10 mg/day) in 428
women and men with GIOP under GCs treatment for at least
3 months (= 5 mg prednisone equivalent daily) [102]. After
18 months, lumbar spine and the total hip BMD increased
more in the teriparatide group than in the alendronate arm
(7.2% vs. 3.4%, and 3.8% vs. 2.4%, respectively) [103], with
a similar efficacy when subgroups of premenopausal and
postmenopausal women, and men were analyzed [103]. The
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Figure 3. Major intracellular pathways involved in osteoblast function and effects of bone anabolic compounds on glucocorticoid induced osteoporosis.

The main pathway involved in osteoblast formation and differentiation is represented by the Wnt/LRP5/B-cathenin signaling pathway. Wnt proteins bind to the LRP5-frizzled receptor
complex that promote the activation of Disheveled (Dsh), an intracellular protein which inhibits glycogen synthase kinase 3B (GSK) resulting in disassociation of the multiprotein
degradation complex composed by GSK, axin, and adenomatous polyposis coli (APC). In the absence of Wnt, this complex phosphorylates B-catenin, which is then degraded. In the
presence of Wnt, phosphorylation does not occur, -catenin accumulates, translocates to the cell nucleus and binds to transcription factors (mainly T-cell factor/lymphoid enhancer factor,
TCF/LEF) that activates the transcription of numerous target genes which are relevant for osteoblast differentiation and bone formation (e.g. Runx2 and Osterix). Extracellular inhibitors of
Whnt signaling include serum frizzled-related proteins (sFRP), sclerostin and Dickkopf-1 (DKK-1)

Romosozumab is a recently developed monoclonal antibody against sclerostin with a potent anabolic effect on the skeleton. Teriparatide (PTH 1-34) and abaloparatide (a synthetic 1-34
modified analogue of PTH-related peptide) are bone anabolic agents acting on a common receptor, PTHR1 and activating multiple signaling pathways. The most relevant is the receptor-
mediated activation of Gs protein alpha subunit (Gsa), leading to the consequent production of cAMP, the activation of phospholipase C (PLC) and, eventually, the activation of protein
kinase A (PKA). As shown in the box, teriparatide is the only bone anabolic agent with a demonstrated effect on glucocorticoid-induced osteoporosis. BMD: bone mineral density; s.c.:
subcutaneous; n.a.: not available.

superiority of teriparatide over alendronate in terms of BMD
gain was evident from the 6™ month of treatment. However,
the reported increases in BMD were globally lower in magni-
tude than described in previous RCTs for postmenopausal
osteoporosis [104], particularly in the high-dose GCs category
(= 15 mg/day prednisone equivalent) [105]. This could be

related to the opposing actions of GCs and PTH on osteoblasts
and osteocytes, as also suggested by experimental evidences
[106]. Moreover, although fragility fractures did not represent
the primary outcome, fewer new vertebral fractures occurred
in teriparatide than in alendronate arm (0.6% vs. 6.1%, respec-
tively), while non-vertebral fractures incidence did not
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significantly differ between the 2 drugs (5.6% vs. 3.7%, respec-
tively). The extended analysis at 36 months of the same RCT,
confirmed the greater BMD gains with teriparatide over alen-
dronate either at the lumbar spine or the total hip (11.0% vs
5.3%, and 5.2% vs 2.7%, respectively), together with a lower
incidence of vertebral fractures (1.7% vs 7.7% in teriparatide
and alendronate groups, respectively) [107]. No-significant dif-
ferences were observed between groups in subjects’ number
reporting one or more adverse events, neither in the incidence
of serious adverse events, nor in mortality. Of interest,
a parallel increase in TBS was also shown at both 18 and
36 months in teriparatide-treated patients but not in the
alendronate group, further supporting an higher efficacy of
this anabolic agent in improving bone quality in GIOP [66].

A comparison between teriparatide (20 mcg/day) and rise-
dronate (35 mg/weekly) has been more recently performed in
an open-label RCT involving 92 men who had received GC
therapy at an average dose of at least 5.0 mg/day of predni-
sone equivalent for at least 3 consecutive months [108].
Consistent with the results of the former RCT, after 18 months
of treatment, higher increases in either areal BMD or volu-
metric BMD (assessed by high resolution QCT, HR-QCT) were
reported for teriparatide group compared with risedronate.
Parameters of HR-QCT derived finite element analysis, as an
estimate of biomechanical vertebral strength, were signifi-
cantly improved at 18 months of treatment only in the ter-
iparatide group [109].

Based on the results of the above comparative RCTs and
following the indications from metanalytical studies on GIOP
[100], it is conceivable starting with teriparatide in some
patients with severe osteoporosis and high fracture risk, in
light of its superiority as compared to oral N-BPs either in
terms of vertebral BMD or vertebral fracture risk. The higher
cost than antiresorptive medications, the requirement of daily
subcutaneous administration and the restriction of 24 months
of treatment may however represent relevant limitations.
Moreover, teriparatide therapy should be followed by antire-
sorptive treatment to maintain and consolidate the gains in
BMD and to prevent fragility fractures.

5.1.5. Sex steroid hormones
Estrogen replacement alone (ERT) or in combination with
progestins (HRT), as well as selective estrogen receptor mod-
ulators (SERMS, compounds dissociating favorable estrogenic
effects on bone from unfavorable stimulatory effects on both
the breast and endometrium) are also approved for the pre-
vention and treatment of postmenopausal osteoporosis with
potential extra-skeletal benefits [110,111,112]. However, up to
date, a limited information is available concerning the use of
these compounds in the management of GIOP [113,114].
Moreover, according to the overall increased risk of throm-
boembolic events associated with different underlying disor-
ders requiring GC therapy (e.g. connective tissue diseases), the
use of ERT or SERMs has to be restricted to early-
postmenopausal women with GIOP and contraindications to
the other therapies.

Likewise, despite the moderate increases in BMD observed
in some clinical trials [115,116,117], the use of testosterone

should be only restricted in selected groups of patients with
gonadal insufficiency.

5.2. Treatment of endogenous hypercortisolism

In endogenous hypercortisolism the ideal drug should be
able to protect bone from GCs excess before the cause has
been removed and to help the recovery of bone remodeling
after resolution of the GCs excess. In CS patients alendronate
was effective in protecting BMD even though data on frac-
tures are lacking [118] and spontaneous recovery of bone
mass after surgery has been also described in some cases
[119]. This lack of knowledge is particularly relevant for the
management of endogenous hypercortisolism, since at var-
iance from exogenous GCs excess, the early and transient
phase of high bone turnover cannot generally be treated or
prevented, because the disease is generally diagnosed
months if not years after the onset of cortisol excess. Thus,
at the diagnosis of CS, bone turnover is generally depressed
with an important impairment in bone formation. In this
condition, a further suppression of bone turnover with the
use of N-BPs might not represent the optimal choice and
even increase the risk of rare undesired effects, as atypical
subtrochanteric fractures and osteonecrosis of the jaw [72].
Moreover, the continuation of N-BPs therapy after the recov-
ery from GCs excess, given their long-lasting antiresorptive
effects, may negatively influence the correction of bone turn-
over. On the basis of these considerations, in 2014 Scillitani
and coworkers, even if in the absence of ad hoc designed
studies, suggested that other antiresorptive drugs with less
prolonged bone retention, such as denosumab, could have
been more appropriate for a short-term treatment in CS
patients awaiting surgery [72]. However, given the recent
evidence of rebound vertebral fractures after denosumab
withdrawal, this proposal should be now re-considered.
Thus, based on the available data the indications for the
use of N-BPs or other antiresorptive compounds after recov-
ery from CS remain conflicting [72,117,118,119]. Indeed, since
the decrease in bone formation is the main pathophysiologi-
cal mechanism by which GCs excess affects bone, the use of
anabolic compounds, such as teriparatide, could be consid-
ered the best option to treat skeletal fragility. However data
on the effectiveness and safety of teriparatide in CS patients
are still scarce, and it should be considered that in CS
patients the underlying neoplasia might theoretically repre-
sent a contraindication for the use of this drug [120].

On the opposite, in patients affected by SH, the impairment
of bone formation is generally less evident than in CS patients,
and therefore an antiresorptive therapy is expected to work
better and to be safer in SH than in CS. In keeping with this
hypothesis, a small and short term study suggested that
weekly treatment with clodronate (a first generation BP with-
out a nitrogen group) may prevent bone loss and vertebral
fractures in women with SH [121]. In this regard, it must be
remarked that in SH, likewise in CS, the preferred cure remains
surgery, which has been also shown to reduce the risk of
fracture already in the first two years after the recovery from
GCs excess [74].



6. Conclusions

Even though GCs are a well-known cause of bone fragility and
are widely used worldwide, GIOP actually remains an under-
diagnosed and under-treated condition. Indeed, nowadays,
less than 10% of GCS treated adults (even those taking GCs
for more than 3 months) are subjected to a BMD testing. Even
more worrisome, in the best case scenario, a bone active drug
is prescribed to less than 22% of long-term GCs users, regard-
less of GCs therapy duration [11,12,13]. This figures are even
worse in men and in young individuals. Notably, in contrast
with postmenopausal osteoporosis, GIOP develops in a dose
and time dependent manner, and is characterized by a rapid
and transient increase in bone resorption followed by a long
lasting inhibition of bone formation, with a parallel impair-
ment of the osteocyte network. Such a scenario often leads to
a rapid increase in the risk of fractures even in the presence of
normal or slightly reduced BMD levels. Thus, based on the
recently released guidelines, an early assessment of fracture
risk and a subsequent treatment with bone active drugs is
recommended in most individuals who are going to receive
high dose oral or intravenous GCs for 3 months or more.

7. Expert opinion

To date, notwithstanding the reliability of the available guidelines,
there are still relevant unanswered questions and controversial
issues about the clinical management of GIOP [6,122]. Firstly, the
recommendation of evaluating bone health in GCs treated
patients within 6 months of beginning GCs treatment could
become controversial in view of the recent demonstration of an
increased fracture risk already within a month of starting GC
treatment [123]. Secondly, given that in GIOP trabecular bone at
spine is the most severely affected site, bone loss can be better
evidenced through a spinal BMD. Thus, in addition to the impos-
sibility to account for the dose and the duration of GCs treatment,
the use of FRAX in GIOP may be further complicated by the use of
femoral rather than spinal BMD, often leading to an underestima-
tion of fracture risk. Thirdly, since the prevalence of morphometric
asymptomatic vertebral fractures is increased in both exogenous
and endogenous GCs excess regardless of a BMD reduction [4,72],
images of the spine (e.g. a spinal x-ray or a DXA-based vertebral
fracture assessment) should be advised at least in high risk
patients. In fact, the finding of a morphometric vertebral fracture
in patients under GCs therapy should lead the clinician to pre-
scribe a bone active therapy, even in the presence of normal BMD.
Fourthly, the adequate management of fracture risk in children or
adults aged below 40 years is a still an unanswered question.
Finally, it must also be observed that the underlying disease for
which GCs therapy is given may independently contribute to bone
damage. Thus, besides the dosage and the duration of GC therapy,
the underlying disorder may influence the absolute risk of fracture
and the consequent decision on whether or not a bone active
drug is needed. Indeed, in disorders such as RA, polymialgia
rheumatica, systemic lupus erythematosus or COPD fracture risk
is often increased independently of GCs therapy and the recovery
of bone strength after GCs discontinuation is less rapid than in
other forms of GIOP [19-21,52].
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Notwithstanding all the above limitations there is actually
a general consensus on recommending the assessment of the
fracture risk (e.g. using BMD, FRAX and vertebral fracture
assessment) at least in all individuals, regardless of gender
and age, who are going to receive oral GCs for at least
3 months.

In the recent years our arsenal of approved therapeutic
options for the prevention and treatment of GIOP has remark-
ably increased. However, current knowledge about the ther-
apeutic management of GIOP is limited by the fact that the
efficacy of these drugs has been tested primarily on BMD
changes, with fracture reduction being not included among
the primary outcome in any of the clinical trials. Nowadays,
oral N-BPs remain the most cost-effective bone protecting
therapy in patients treated with GCs. However, we still do
not know exactly whether the more potent antiresorptives
(i.e. zoledronate and denosumab) or anabolic compounds
may potentially be of increased benefits in GIOP, in terms of
fracture prevention. Moreover, we also ignore if sequential
regimens could be a valuable option in those GIOP patients
treated over a long term and eventually with high cumulative
doses. The panorama is even more complicated by consider-
ing that we do not have clear information concerning the
long-term adverse events of the more potent antiresorptives,
which might be more frequent in GIOP than in primary osteo-
porosis due to the contributing negative effects of GCs on
bone turnover. Finally, data regarding the anabolic agents
efficacy in GIOP are restricted only to teriparatide. However,
it is likely that in the next future, new anabolic agents such as
romosozumab, might become a very interesting option for
GCs treated patients, due to its capacity of both inhibiting
bone resorption and increasing bone apposition.

In general, the duration of treatment should thus be decided
on individual basis. In our opinion, in the absence of additional
risk factors for atypical femoral fracture and/or jaw osteonecrosis,
either N-BPs or denosumab should be continued aver a long-
term, at least in patients treated with > 5 mg prednisone equiva-
lent and with high fracture risk. Importantly, every effort should
be made to maintain the GCs dose as low as possible. In patients
at high risk for osteonecrosis of the jaw and/or atypical femoral
fractures (e.g. due to ethnicity or the presence of predisposing
conditions), in particular if treated with <5 mg prednisone
equivalent and without high fracture risk, a drug holiday from
N-BPs could be considered. Of outmost importance, if denosu-
mab is withdrawn, a sequential therapy with N-BPs is mandatory.

As far as the endogenous hypercortisolism is concerned, it is of
utmost importance the notion that a fragility fracture could be the
presenting symptom of an otherwise asymptomatic cortisol
excess. Indeed, after the exclusion of the most frequent causes
of secondary osteoporosis, a condition of hypercortisolism could
be present in up to 17.6% of patients with osteoporosis and
fragility fracture [52]. Therefore, the screening for the presence of
an endogenous GCs excess is mandatory in patients with low BMD
Z-score (i.e. < —2.0), and/or excessively rapid BMD decrease and/or
inadequate response to bone active drugs, and/or fragility frac-
tures in spite of eugonadal status [124]. Finally, very recent data
show that the inter-individual variation in GCs secretion, periph-
eral activation (i.e. the activation of cortisone into cortisol by
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11Bhydroxysteroid-dehydrogenase shuttle) and sensitivity (i.e.
due to GCs receptor polymorphisms) may be relevant for bone
health, independently of GC treatment or dosage, and even in
patients without an overt hypercortisolism. Interestingly, a very
recent report suggests that in postmenopausal women the num-
ber of possible consequences of cortisol excess (among patients
with hypertension, diabetes, and fragility fractures) is strictly
dependent on GCs secretion, peripheral activation, and sensitivity
[125]. If these data were confirmed, drugs acting on GCs secretion
and/or peripheral activation could be particularly useful for curing
osteoporosis in patients with both GCs excess and high GCs
sensitivity [126,127].
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