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Glucocorticoids
and Musculoskeletal Health
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Introduction

Much has been learned since 1932 when Harvey
Cushing described the set of symptoms that
denoted hypersecretion of ACTH most often due
to a pituitary adenoma. A set of symptoms promi-
nently featured include truncal obesity, a rounded
face, increased fat around the neck, and periph-
eral muscle wasting, weakened bones, leading to
vertebral compression fractures, striac on the
abdomen and buttocks, hirsutism, fatigue, muscle
weakness, fatigue, fluid retention, hypertension,
and hyperglycemia [1]. The original publication
by Cushing [2], as it turns out, was the first
description of the effects of endogenous gluco-
corticoids on bone and muscle, a description that
became identified with the effects of exogenous
glucocorticoids, or steroid medication, for a vari-
ety of chronic inflammatory and neoplastic
diseases.

Over the past decades, glucocorticoids booked
its place as one of the most commonly prescribed
classes of drugs for several medical conditions
and in states of hypocortisolism [3]. Although the
adverse skeletal effects of glucocorticoids have
been recognized for decades, attention to this
side effect has gained increased attention because
of the widespread long-term clinical use of glu-
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cocorticoids in a variety of disorders including
autoimmune, pulmonary, and gastrointestinal
diseases, malignancies, and in patients receiving
organ transplants. The problem has become so
widely appreciated that guidelines for the preven-
tion and treatment for glucocorticoid-induced
osteoporosis (GIO) have been established in
many countries based upon recommendations by
expert scientific organizations [4].

The bone loss secondary to initiation of gluco-
corticoids is early and rapid, and the bone min-
eral loss correlates well with cumulative dose and
duration. Fracture risk is increased even with a
daily dose of prednisolone that is <5 mg/day [5].
Parenteral, oral, and even long-term inhaled glu-
cocorticoids are associated with a significant
bone loss. The rate of bone loss is noted to be
more than 10% in the first year of therapy and
thereafter tends to stabilize at 2-3% every year
[6]. It predominantly involves trabecular bone,
thus increasing the risk of vertebral fractures.
Later, cortical bone is also involved (e.g., femoral
neck) [7]. About 20% of those treated with gluco-
corticoids will have a fragility fracture within the
first year of treatment [8]. Postmenopausal
women and elderly men are at a higher risk for
developing glucocorticoid-induced bone loss and
fractures [9]. Similarly, the catabolic effects of
glucocorticoids on skeletal muscles have been
well known for many years. Administration of
high doses of glucocorticoids to animals causes
not only decreased muscle mass but also muscle
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dysfunction characterized by reduced force and
weakness [10].

Even though the negative effect of glucocorti-
coid therapy on both bone and muscle health has
been recognized and well documented, more than
half of those on treatment do not receive bone
mineral density (BMD) assessment or the recom-
mended preventative therapy for osteoporosis
[11]. A number of guidelines have already been
published highlighting the importance of
considering preventive measures for patients
receiving glucocorticoid treatment on a long-
term basis, or until the steroid therapy course is
stopped. This chapter will review the epidemiol-
ogy and pathophysiology of glucocorticoid-
induced osteoporosis. This will be followed by
discussing the effect of glucocorticoids on the
musculoskeletal health, namely bones and mus-
cles, clinical correlations of glucocorticoid-
induced  osteoporosis, risk stratification,
screening and assessment and glucocorticoid-
associated changes in bone mineral density and
bone architecture. The chapter will then discuss
the monitoring of BMD and fracture risk assess-
ment as well as management of the glucocorti-
coid-induced osteoporosis. The chapter will
conclude with an algorithm for assessment and
management of glucocorticoid-induced
0Steoporosis.

Epidemiology

Epidemiologic studies provide valuable informa-
tion about the use of glucocorticoids and its nega-
tive impact on musculoskeletal system. The
prevalence of use of oral glucocorticoids in the
community population ranges between 0.5% and
0.9%, rising to 2.7% in adults and older adults
aged >50 years [12—14]. The prevalence has been
reported to be similar in men and women. In the
Global Longitudinal Study of Osteoporosis in
Women (GLOW), conducted in 10 countries,
4.6% of 60,393 postmenopausal women were
receiving glucocorticoids at baseline visit [15,
16]. The most frequent indications for oral gluco-
corticoids are inflammatory rheumatic disorders
(rheumatoid arthritis, systemic lupus erythemato-

sus, polymyalgia rheumatica, and temporal arteri-

tis), lung disorders (asthma and chronic
obstructive  lung  diseases), and  organ
transplantation.

Of the multiple side effects that can occur with
glucocorticoid therapy, glucocorticoid-induced
osteoporosis (GIO) has been identified the most
prevalent form of bone affection. Examining the
prevalence of GIO revealed that at least 50% of
people receiving long-term glucocorticoid ther-
apy are estimated to develop osteoporosis [17].
Furthermore, osteoporotic fractures are one of
the most devastating glucocorticoid musculo-
skeletal complication, affecting 30-50% of
patients [18-21]. Furthermore, secondary causes
of osteoporosis, such as that induced by gluco-
corticoids, are particularly common in pre- or
perimenopausal women. In a clinical study of
pre- and postmenopausal women attending a spe-
cialty osteoporosis clinic (n = 384 patients), a
secondary cause for osteoporosis was established
in 8.6% of cases, and 21% of these were attrib-
uted to glucocorticoids, all of which were in pre-
menopausal women [22]. Khosla and colleagues
reported GIO in over 50% of patients aged
20—44 years with an established diagnosis of sec-
ondary osteoporosis [23].

In concordance, the risk of fractures is
increased by twofold in patients treated with glu-
cocorticoids, and the risk of vertebral fractures is
even higher. In a study comparing 244, 235 oral
glucocorticoids users and 244, 235 controls, the
risk of hip fracture is 1.6, and that of vertebral
fracture is 2.6; these numbers have been repro-
duced in many studies [24-26]. The global preva-
lence of fractures in patients receiving long-term
glucocorticoids has been reported to be 30-50%.
In 551 patients receiving long-term glucocorti-
coids, the prevalence of vertebral fractures was
37%, with 14% of patients having two or more
asymptomatic vertebral fractures; 48% of patients
aged >70 years and 30% of those aged <60 years
had at least one vertebral fracture [27]. The prev-
alence increases with age, a key point for preven-
tive strategies.

The highly cited study [8] from the United
Kingdom General Practice Research Database
demonstrated that a dose of about 5 mg of pred-
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nisone equivalent led to a measurable increase in
fracture risk after only 3 months of glucocorti-
coid treatment. More recently [28], a report sug-
gested that even 1 month of systemic
glucocorticoid therapy was associated with
increased fracture risk. If this is confirmed by
other studies, it strengthens the need for clini-
cians to consider fracture risk at the time of pre-
scribing prednisone and similar drugs. Indeed, it
has been shown that on the first day of predni-
sone therapy, bone formation markers will be
suppressed [29]. Even injections into joints can
affect bone turnover markers for 2 weeks or
more [30].

Pathophysiology

Mechanism of Action
of Glucocorticoids

Glucocorticoids are a class of corticosteroids,
which are a class of steroid hormones.
Glucocorticoids are corticosteroids that bind to
the cytosolic glucocorticoid receptor, which is
present in almost every vertebrate animal cell
[31]. The name “glucocorticoid” is a portman-
teau (glucose + cortex + steroid) and is com-
posed of its role in regulation of glucose
metabolism, synthesis in the adrenal cortex, and
its steroidal structure. A less common synonym
is glucocorticosteroid. Glucocorticoids are dis-
tinguished from mineralocorticoids and sex ste-
roids by their specific receptors, target cells, and
effects. In technical terms, ‘“corticosteroid”
refers to both glucocorticoids and mineralocorti-
coids (as both are mimics of hormones produced
by the adrenal cortex). Glucocorticoids are
chiefly produced in the zona fasciculata of the
adrenal cortex, whereas mineralocorticoids are
synthesized in the zona glomerulosa.
Glucocorticoids are part of the feedback mecha-
nism in the immune system, which reduces cer-
tain aspects of immune function, such as
inflammation. They are therefore used in medi-
cine to treat diseases caused by an overactive
immune system, such as allergies, asthma, auto-
immune diseases, and sepsis.

Upon activation of the glucocorticoid recep-
tor, the complex translocates to the nucleus,
where it binds glucocorticoid response elements
of an array of genes (Fig. 31.1). This in turn mod-
ulates transcription of target genes, resulting in
expression of enzymes crucial for normal cellular
functions such as gluconeogenesis and anti-
inflammation. As such, hydrocortisone is one of
the most important hormones in the human body.
Noncanonical pathways play less important
roles, but these nongenomic effects have also
been shown to contribute to various mechanisms
of downregulating inflammatory markers [32].

At physiologic concentrations, endogenous
glucocorticoids may have a role in promoting
osteogenesis [33], while excess glucocorticoids
increase osteoclastogenesis and suppress oste-
blastogenesis in cell culture, murine, and human
models [7, 34]. Local metabolism of glucocorti-
coids in bone cells is controlled by a pair of com-
plementary  enzymes, 11p-hydroxysteroid
dehydrogenase types 1 and 2 (118-HSDI1, 11B-
HSD2), which respectively activate or deactivate
glucocorticoid action by metabolizing the inter-
conversion of biologically active or inert forms
(Fig. 31.2) [35, 36]. Additional pathways of glu-
cocorticoid action are thought to be multiple,
including inducing proapoptotic molecules in
osteoblasts and osteocytes and through antago-
nizing the osteoblastogenic Wnt pathway [34, 37,
38]. There continues to be active work into
uncovering pathways of glucocorticoid mecha-
nism at the cellular level [39], including sugges-
tions of enhancing osteoblast activity through
heat shock protein 90 [40].

Glucocorticoid therapy affects all three bone
cell lines—osteoblasts, osteoclasts, and osteo-
cytes (Fig. 31.3). The predominant action is by
suppression of osteoblastic activity, resulting in
inhibition of bone formation. Direct effects of
glucocorticoids on bone formation are mediated
largely through upregulation of peroxisome
proliferator-activated receptor gamma receptor 2
(PPARY2) [41] and effects on the Wnt/p-catenin
signaling pathway [42, 43]. The former mecha-
nism favors the differentiation of pluripotent pre-
cursor cells to adipocytes in preference to
osteoblasts, resulting in decreased numbers of
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Fig.31.1 Molecular effects of glucocorticoids excess on
bones: GC’s effects occur by four mechanisms: the classic
genomic (the most important), which involves the cyto-
solic GC receptors (¢cGCR) and is divided into two pro-
cesses, transrepression, and transactivation; nongenomic
secondary, which is also initiated with ¢cGCR; nonge-
nomic executed by membrane receptors (mCGR); and
nonspecific nongenomic, resulting from interactions with
cell membranes (including the organelles). Glucocorticoids
enter cells and become activated by 11p-HSD1 or occa-

osteoblasts. On another front, the expression of
dickkopf-related protein and sclerostin and the
inhibitors of WNT signaling pathway are upregu-
lated. Increased expression of sclerostin, which
binds to the co-receptors for frizzled, Lrp4 and
Lrp5, results in inhibition of Wnt signaling path-
way leading to reduced differentiation of osteo-
blast precursors to mature osteoblasts and
increased osteoblast and osteocyte apoptosis. The
importance of sclerostin in mediating the effects
of glucocorticoids on bone formation is
emphasized by the demonstration, in mice with
sclerostin deficiency, that bone integrity is main-
tained in the presence of glucocorticoid excess
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sionally deactivated by 11p-HSD2. The activated gluco-
corticoids bind to a cytoplasmic protein complex
containing heat shock proteins and the glucocorticoids
receptor. Complexes with Hsp70 and Hsp40 render the
glucocorticoids receptor as a low-affinity receptor; how-
ever, complexes with Hsp90 give rise to a high ligand
affinity of the glucocorticoids receptor. Upon ligand bind-
ing, the chaperone FKBP51 is exchanged for FKBP52,
thereby allowing shuttling of the complex into the nucleus
and into contact with the chromatin

[44]. Furthermore, in a mouse model of
glucocorticoid-induced osteoporosis, treatment
with an antibody to sclerostin prevented the
reduction in bone mass and strength [45].

Role of Underlying Inflammation

In the general population, even mild elevations of
C-reactive protein within the normal range
increase nontraumatic fracture risk [46]. While
some studies revealed that variations within the
low levels of inflammatory markers and cyto-
kines predict bone loss, other studies reported
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Fig. 31.2 As glucocorticoids enter cells it become acti-
vated by 11p-HSD1, thus inactive forms of corticosteroids
(cortisone and prednisone) are converted into active forms
(cortisol and prednisolone). 11B-HSDI is also expressed
in osteoblasts, which increase with age, which in turn
favors the greater concentration of glucocorticoids in
these cells. Increased expression of 118-HSD1 enzyme is
considered a risk factor for GC-induced osteoporosis. In
its active form, the glucocorticoid binds with a receiver
(GRa or GRf), a member of the nuclear receptor super

that elevated inflammatory markers are prognos-
tic for fractures [47, 48].

Independently, it was reported that rheuma-
toid arthritis (RA) doubles the risk of hip and
vertebral fractures, regardless of the use of glu-
cocorticoids, and disease activity is consis-
tently associated with low BMD [49]. In a
prospective study of patients with early RA
conducted at a time when biotherapies were
not available, high bone loss was observed,
mainly in patients with persistent inflammation
during follow-up (supported by persistent high
CRP) [50]. In ankylosing spondylitis, an
inflammatory disease in which glucocorticoids
are not used, there is bone loss and an increased
risk of vertebral fractures, driven by inflamma-
tion [51, 52].

There is a strong biological rationale for these
clinical observations. Osteoclastogenesis is under
the control of RANK-ligand, which is produced

Mitochondrion

Centroson

Rough
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reticulum

family, and migrates from the cytoplasm to the nucleus,
where it can bind to glucocorticoid response elements
(GRESs), and to other transcription factors. The other side
of the HSD system equation is composed of
GC-inactivating enzyme and 11p-HSD2. The sensitivity
of different types of glucocorticoids to this enzyme varies,
and dexamethasone, by having a fluorine atom at the 9a
position of the B ring, with site of HSD2 blocked, is the
steroid which is most resistant to such inactivation, and
therefore is what causes osteoporosis the most

not only by osteocytes in normal bone remodel-
ing but also by lymphocytes and fibroblasts in
other situations, such as estrogen deficiency and
inflammation [53]. Osteoclastogenesis can be
enhanced by a number of cytokines, the main
pathway being driven by T-helper 17 cells sub-
population (i.e., interleukin IL-6 and IL-23) [54—
58]. Tumor necrosis factor a (TNF-ot) transgenic
mice are models of osteoporosis with dramatic
decrease in bone mass and deterioration of bone
microarchitecture. Moreover, an over expression
of sclerostin has been observed in these models,
with a consequence of inflammation-related
decrease in bone formation [59]. Finally, autoim-
munity has a role in bone remodeling, as antibod-
ies against citrullinated proteins (ACPAs) can
increase osteoclast numbers and activity through
citrullinated vimentin located at the surface of
precursors and cells (through a TNF-o local
effect) [60].
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All these clinical observations and biological
studies show that inflammation has a deleterious
effect on bone remodeling, inducing an increase
in resorption and a decrease in formation, before
any effect of glucocorticoids themselves.

Effect on the Bone
Direct Effect on the Bone

The predominant effect of glucocorticoids on
bone is the impairment in bone formation, with
an additional early but transient increase in bone
resorption. The initial increase in remodeling
rate is accompanied by reduced bone formation
at the level of the individual bone multicellular
unit (BMU), and this combination of increased
bone turnover and a negative remodeling bal-
ance results in rapid bone loss [61-65].
Subsequently, the decrease in bone formation,
both at tissue and BMU levels, predominates
leading to a low turnover state. The evidence
that this is a direct effect, independent of the
inflammation effect, comes from studies con-
ducted in healthy volunteers where prednisone
5 mg daily is enough to rapidly and significantly
decrease serum PINP and osteocalcin, which
are specific markers of bone formation; the
changes are reversed after discontinuation of the
prednisone [66].

Glucocorticoids also have direct effects on
bone resorption, increasing the production of
macrophage colony stimulating factor (M-CSF)
and RANKL and decreasing production of
osteoprotegerin (OPG) by osteoblastic cells and
osteocytes, resulting in an increase both in the
number and activity of osteoclasts [67, 68]. As a
consequence, a prolonged lifespan of osteo-
clasts is observed (contrasting with the decrease
in the lifespan of osteoblasts). This effect dimin-
ishes with time, possibly as a result of the reduc-
tion in number of osteoblasts and osteocytes.
Therefore, it can be said that much of the
glucocorticoid-related bone loss is caused by
the reduced bone formation, which persists
throughout  glucocorticoid  administration.
Finally, there is some evidence from animal

models that glucocorticoids affect osteocyte
morphology and mineralization [69].

Indirect Effects on Bone

Other mechanism that may contribute to
glucocorticoid-induced bone loss is that occur
through indirect effects on bone. The first mecha-
nism is that attributed to the effects of glucocorti-
coids on calcium metabolism. Glucocorticoids
cause decrease of gastrointestinal absorption of
calcium and induction of renal calcium loss. A
secondary hyperparathyroidism state has been
suggested as a determinant of bone effects.
However, there is no evidence for elevated endog-
enous levels of parathyroid hormone in these
patients, and histological features are not those
related to an increased parathyroid hormone
secretion [70]. Glucocorticoids also reduce pro-
duction of sex steroid hormones inducing a state
of hypogonadism. In addition, the bone loss has
been linked to reduced physical activity and
reduced production of growth hormone, insulin-
like growth factor 1 (IGF1), and IGF1-binding
protein (IGF-BP) [71]. Furthermore, as men-
tioned earlier, the underlying diseases for which
glucocorticoid therapy is administered are often
associated with increased inflammation, which
contributes to bone loss through increased pro-
duction of pro-inflammatory, pro-resorptive cyto-
kines. = While  glucocorticoids  suppress
inflammation and hence should mitigate the
adverse effects of inflammation, disease relapse
despite therapy is associated with episodes of
increased bone resorption.

Effect on the Muscles

The clinical side effects of steroid medications on
bone and muscle have been the subject of numer-
ous reviews and textbook descriptions.
Glucocorticoids are known to regulate protein
metabolism in skeletal muscle, producing a cata-
bolic effect, which is opposite to that of insulin.
In many catabolic diseases, such as sepsis, star-
vation, and cancer cachexia, endogenous gluco-
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corticoids are elevated contributing to the loss of
muscle mass and function.

Similar to bone, skeletal muscle homeostasis
is disrupted by glucocorticoids. Glucocorticoids
not only decrease muscle anabolism by inhibiting
amino acid transport into muscle [72] but also
increase muscle catabolism by altering three
major pathways: the myostatin signaling pathway,
the IGF-1-PI3K-Akt pathway, and the NF-xB
pathway [73]. The result is a shift in net skeletal
muscle protein balance toward proteolysis. There
is also evidence that glucocorticoids inhibit mus-
cle regeneration by interfering with myogenic
differentiation [74] and/or immune responses
that detect injury and trigger repair [73].
Furthermore, Schakman et al. demonstrated that
glucocorticoids, but not IGF-I or TNF-o—NF-xB,
play a key role in inducing proteolysis in acute
inflammatory states via the autophagy and the
ubiquitin—proteasome pathways [75]. Patients at
risk include elderly patients, those with poor
nutritional intake and those not participating in
exercise that could counterbalance the negative
metabolic effects of glucocorticoids [76].

In addition, glucocorticoids are associated
with glucocorticoid-induced myopathy and criti-
cal illness myopathy (CIM). Glucocorticoid-
induced myopathy is typically associated with
the use of glucocorticoids in high doses, and, in
particular, fluorinated glucocorticoid prepara-
tions. Patients develop insidious pain-free proxi-
mal muscle weakness that primarily affects the
lower extremities several weeks or years into glu-
cocorticoid therapy. Throughout its course, serum
muscle enzyme levels generally remain in the
normal range or mildly elevated [15, 77]. On his-
topathology, glucocorticoid-induced myopathy is
characterized by preferential loss and atrophy of
type I muscle fibers [78]. Muscle weakness usu-
ally begins to ameliorate within 3—4 weeks after
glucocorticoid cessation but may last for up to
6 weeks.

On the other hand, critical illness myopathy
(CIM) has been linked to treatment with high
doses of glucocorticoids and neuromuscular
blocking agents. Other risk factors such as renal
failure, hyperglycemia, and increased severity of
the underlying disease are also important [79]. It

has been estimated that at least a third of the
intensive care unit patients treated for status asth-
maticus develop critical illness myopathy (CIM)
[80]. Patients typically present with acute-onset,
diffuse, flaccid muscle weakness that generally
affects all limb muscles, neck flexors, and often
the diaphragm and facial muscles [79]. Serum
creatinine kinase levels generally increase 10- to
100-fold higher than normal, peaking at day 3—4
and normalizing after 10 days [81]. The diagno-
sis is made on the basis of distinctive electro-
physiological activity and muscle/nerve biopsies
analyses. Electrodiagnostic testing reveals low
amplitude, short duration and polyphasic motor
unit potentials, low amplitude compound action
potentials, and fibrillation and sharp wave poten-
tials [82]. On histopathology, critical illness
myopathy (CIM) is characterized by varying
degrees of muscle fiber necrosis and regenera-
tion, no lymphocytic inflammation, preferential
atrophy of type II fibers, and loss of thick myosin
filaments [83].

Clinical Correlations
of Glucocorticoid-Induced
Osteoporosis

Owing to a much lower mechanical bone strength
than would appear to be the case from observing
BMD and a significant increase in fracture risk
associated with the use of glucocorticoids,
patients taking steroids should be assessed with
care, and consideration should be given to several
factors that make glucocorticoid-induced osteo-
porosis (GIO) a unique form of bone loss
(Fig. 31.4). These factors can be summarized as
follows:

GIO vs postmenopausal osteoporosis: The
primary difference between GIO and postmeno-
pausal osteoporosis is the suppression of osteo-
blastic activity, leading to decreased bone
formation. In GIO, following an early phase con-
sists of rapid loss of bone mineral density due
mostly to excessive bone resorption and impaired
bone formation usually manifests and is more
progressive with long-term therapy. Trabecular
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Fig. 31.3 Pathophysiology of glucocorticoid-induced
osteoporosis: Excessive amounts of systemic glucocorti-
coids lead to clinically significant adverse effects on the
musculoskeletal system by inducing a state of inappropri-
ate bone remodeling through direct and indirect mecha-
nisms and muscle atrophy that contributes to osteoporosis

High daily dose of glucocorticoid (e.g., >7.5 mg of prednisone/day)
Cumulative dose of glucocorticoid >5 g/year
Current or recent (>3 months) use of glucocorticoid,

Glucocorticoid-associated myopathy that increases the risk of falls,
Glucocorticoid-induced hypogonadism

Previous Fracture, fall risk;
Age >55 yr; white race; female sex; menopause;

smoking; excess alcohol use (>2 units per day);

bone mineral density / T score below —1.5; increased
endocrine disorders: hypogonadism, hyperparathyroidism, or
hypoparathyroidism; malabsorption; BMI <18.5

Rheumatoid arthritis, ankylosing
spondylitis, inflammatory bowel

disease, biliary cirrhosis

Fig. 31.4 Risk Factors for fractures in patients receiving
glucocorticoids: Patients taking steroids should be
assessed with care, and consideration should be given to

and fractures. Early bone loss is driven by changes in hor-
mone levels mainly estrogen and parathyroid hormone
which stimulate receptor activator of nuclear factor-xB
ligand (RANKL)-induced osteoclastogenesis. Osteocyte
and osteoblast apoptosis prevents effective mechanosens-
ing and new bone formation

several factors that make glucocorticoid-induced osteopo-
rosis (GIO) a unique form of bone loss
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bone loss predominates, with most marked
changes not only in the lumbar spine but also in
the femoral neck and other sites. The effect on
bone is dose dependent, with relative risk signifi-
cantly increased at daily doses higher than 2.5 mg
prednisolone equivalent [25]. It is also dependent
on duration, with fracture risk returning to base-
line months after cessation of therapy. However,
changes to bone can occur sooner than many
physicians realize. One study found that a 40 mg
or higher prednisone equivalent a day can result
in substantial BMD loss at the lumbar spine in
just 2 months [84]. Meta-analyses indicate that
exposure to steroid use is associated with a rela-
tive risk of fracture of about 1.6—1.98 and is inde-
pendent of gender [26, 85].

Fractures most often occur at sites enriched
with trabecular (cancellous) bone, such as the
lumbar spine and femoral neck. Vertebral frac-
tures may be asymptomatic and detected only by
radiographic imaging. While much of the knowl-
edge of GIO is extrapolated from experience with
postmenopausal osteoporosis, it is important to
note that fractures tend to occur at higher bone
mineral density in glucocorticoid-induced osteo-
porosis [86].

Phases of bone loss associated with glucocorti-
coids: GC-induced bone loss has a rapid with,
as mentioned earlier, early phase of excessive
bone resorption and, a slower, later phase marked
by inadequate bone formation [42, 87, 88].Within
the first few days of treatment, glucocorticoids
transiently increase osteoclast numbers due to an
antiapoptotic effect on mature osteoclasts, which
probably results in early loss of bone [87]. Bone
resorption may also be stimulated by higher
doses of glucocorticoids [89]. In the second
phase, chronic glucocorticoids excess suppresses
remodeling by downregulating osteoblastogene-
sis and osteoclastogenesis and is characterized by
depressed bone formation and turnover [88].
Studies have demonstrated that bone resorption
decreases after 4 weeks of prednisolone adminis-
tration to normal or below normal levels [90].
The decrease in bone formation and turnover in
GIO is in contrast to the increase in bone resorp-

tion, and turnover that characterizes osteoporosis
caused by a loss of sex steroids (i.e., in post-
menopausal women).

The risk of fracture rapidly decreases when
glucocorticoids are discontinued. A prospective
study showed clinically significant improvement
in bone mineral density at the lumbar spine
within 6 months after discontinuation of gluco-
corticoids [91]. A large retrospective study
showed an increased risk of a major osteoporotic
fracture among patients with recent prolonged
glucocorticoid use but not among those with
intermittent or past use of these agents [92].

Differential  sensitivity to  glucocorti-
coid: There is great variability of glucocorti-
coid linked side effects among individuals,
including bone loss, for largely unknown rea-
sons. Attention has been paid to the 11
B-hydroxysteroid dehydrogenase (11pB-HSD)
system, which is a pre-receptor modulator of
glucocorticoid action. This system catalyzes the
interconversion of active/inactive cortisone, and
the 118-HSD enzyme amplifies glucocorticoid
signaling in osteoblasts. Interestingly, 11p-
HSD, widely expressed in glucocorticoid target
tissues including bone, can be modulated and
amplified by pro-inflammatory cytokines [93,
94], age, and glucocorticoid administration
itself, suggesting that the mechanism could be a
key regulator of the effects of glucocorticoids
on bone. Individual glucocorticoid sensitivity
can also be regulated by polymorphisms in the
glucocorticoid receptor gene [95].

Time effect: The increase in GIO and its conse-
quent fracture risk is immediate, as early as 3
months after the initiation of therapy and reverses
sharply after discontinuation of glucocorticoids.
This cannot be explained by BMD changes, but
can be related to the added effects of glucocorti-
coids on bone remodeling previously uncoupled
by the inflammation itself, and the dramatic
effect on bone strength through induced apopto-
sis of osteocytes. Data also suggest a rapid
increase in rate of falls after start of oral gluco-
corticoids [25]. Thus, primary prevention, after
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careful assessment of the fracture risk, is recom-
mended in high-risk patients.

Dose effect: In epidemiological studies, the
increased risk of fractures is observed even at low
doses of prednisone, that is, 2.5-5 mg per day.
The appropriate care of patients receiving such
low doses has been advised in recent guidelines,
which will be discussed later in this chapter.
There is a dose-dependent increase in fracture
incidence. Interestingly, the fracture risk is
related to the current daily dose, more than to the
cumulative dose [96]; this may be attributed to
the difficulty of an accurate calculation of this
cumulative dose.

Prior versus current glucocorticoids use: Ever
use of glucocorticoids is associated with an
increased risk of hip fracture, and this justifies
the assessment of osteoporosis and fracture risk
in all patients. However, the risk is mainly associ-
ated with recent and prolonged glucocorticoid
use, more than to remote or short courses [97].

Role of underlying disease: Persistent inflam-
mation is associated with bone loss as shown in
longitudinal studies in patients with active RA or
ankylosing spondylitis (SpA). In contrast, pro-
spective open studies show that complete control
of inflammation (in parallel with clinical
improvement and thus increased mobility) is
accompanied by the absence of bone loss [98].
This is not only expected in spondyloarthritis in
the absence of glucocorticoids but is also
observed in RA of the hand, spine, and hip and in
patients receiving low doses of glucocorticoids
[98—100]. In the BeSt study, conducted in patients
with recent-onset active RA, bone loss was lim-
ited in all treated groups, including in the group
initially treated with high-dose prednisone [101].
Thus, the concept that a high level of inflamma-
tion is more deleterious for bone than a low dose
of glucocorticoids, controlling this inflammation
is relevant as far as surrogate markers (BMD,
biological parameters) are concerned. However,
there is no evidence for a reduction in fracture
risk with such a strategy [102], and further epide-
miological studies are important in this aspect.

Role of patient characteristics: Age, female
gender, low BMI, history of falls and previous
fractures, duration of menopause, and smoking
are associated with fracture risk in patients with
glucocorticoids, similarly to how they are in pri-
mary osteoporosis. It has been reported that the
prevalence of non-vertebral fractures is a strong
determinant of the risk of having vertebral frac-
tures in patients with RA [103], implying that
the individual’s skeleton is already of inade-
quate strength to withstand the trauma of daily
living. Beyond glucocorticoids use, these risk
factors must be assessed in all patients, and all
causes of secondary osteoporosis are added risk
factors of fractures in patients on glucocorti-
coids therapy [104].

Glucocorticoids Pharmacologic
Preparation

Most common forms of administered glucocorti-
coids are oral preparations. Intravenous, inhaled,
injected, and transdermal preparations are also
frequently encountered. However, side effects,
including to bone, are not limited to oral or intra-
venous administrations. Injected glucocorticoids,
particularly when repeated, and topical therapy
may both lead to systemic effects.

Systemic (Tablets/Injections): Glucocorticoids
are transported in the bloodstream bound to
corticosteroid-binding globulin and albumin, in
equilibrium with the biologically active free form
that binds to the glucocorticoid receptor.
Individual sensitivity to glucocorticoid signaling
is also affected by genetic variability of the glu-
cocorticoid receptor, with alternative splicing and
polymorphisms identified [105, 106].
Furthermore, pharmaceutical preparations have
differences in absorption, transport, and target
affinity, and thus a varied range of potencies and
duration of effects. Glucocorticoid potency
ranges from lower potency such as with cortisone
and prednisone, to higher potency, such as with
dexamethasone and betamethasone. In general,
when oral cortisol (hydrocortisone) is used as a
baseline, prednisone and prednisolone have about
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four times the potency, while methylprednisolone
and triamcinolone are about five times the
potency, and dexamethasone and betamethasone
are about 25 times the potency.

Inhaled glucocorticoids: For almost two
decades, inhaled glucocorticoids have been used
widely in the management of chronic lung dis-
ease, mainly asthma [107]. However, the effect of
inhaled glucocorticoids on bone and whether
their use leads to GIO is somewhat controversial.
In a meta-analysis by Richy and colleagues,
inhaled glucocorticoids were associated with a
1.2-1.8-times increased risk of vertebral fracture
and a 1.6-times increased risk of hip fracture
[108]. This meta-analysis also demonstrated that
inhaled glucocorticoids were associated with
lower bone density at the spine and hip and lower
levels of bone formation markers (osteocalcin
and procollagen type 1 C-terminal propeptide).
Vestergaard and colleagues found an increased
risk of any fracture (adjusted for comorbid dis-
eases, but not respiratory severity) associated
with inhaled glucocorticoids only for daily dos-
ages above 7.5 mg of prednisolone equivalents
(equivalent to 1875 pg of budesonide/day) [109].

Fujita and colleagues examined lumbar BMD
(and biochemical markers) in inhaled glucocorti-
coids users with no oral glucocorticoids for at
least 1 year and found significant lower BMD
and serum osteocalcin among the inhaled gluco-
corticoids users versus controls in the postmeno-
pausal group only [110]. Wong and colleagues
found a negative relationship between total
cumulative dose of inhaled glucocorticoids and
BMD in asthma patients [111].

Risk Stratification, Screening,
and Assessment

Management of patients who start/remain on glu-
cocorticoids is based on risk assessment and pre-
vention of osteoporosis. The rate of screening for
bone disease traditionally varies according to the
medical specialty of the provider prescribing the
chronic glucocorticoid therapy [112], though it

Table 31.1 Risk factors for glucocorticoid-induced
osteoporosis

Clinical risk factors for glucocorticoid-induced
0Steoporosis

High fracture risk (FRAX score)

Imminent fracture risk (fracture in the last 2 years)
Previous vertebral fracture or low trauma appendicular
fracture

Postmenopausal woman

Premature menopause at <45 year or male
hypogonadism

Age >65 year

Planned or current glucocroticoids use of >6 months
Low BMI: <20kg/m?

Family history of hip fracture

Other systemic risk factors of osteoporosis, e.g.,
alcohol excess, RA, hyperparathyroidism, and
thyrotoxicosis

can be said that awareness has increased in recent
years [113]. There are several recommendations
for identifying high risk of fracture in patients on
glucocorticoids (Table 31.1). Screening for frac-
ture risk should be performed soon after the ini-
tiation of glucocorticoid treatment. Currently,
tools to estimate the risk of fracture among
patients who are younger than 40 years of age are
lacking. The risk of fracture increases, and the
time to fracture decreases considerably with
increasing age among patients who receive glu-
cocorticoids [114]. The risk of fracture among
patients of ages >40 can be estimated with the
use of bone mineral density (BMD) testing and
the fracture risk assessment tool (FRAX).
Table 31.1 summarizes the main clinical risk fac-
tors for glucocorticoid-induced osteoporosis
(GIO).

The 2017 ACR guidelines [115] allow clini-
cians to evaluate fracture risk in adult glucocorti-
coid users of all ages. Under these guidelines,
adults <40 years of age are classified as low risk
unless they have prevalent fragility fracture, or
are high-dose steroid users with extremely low
BMD or rapid BMD loss. This risk stratification
algorithm flags high-risk young adults for more
aggressive care, while exempting most young
people from monitoring and treatment of little
benefit to them. However, it does not account for
clinical GIO risk factors such as malnutrition,
low body weight, thyroid and parathyroid dis-
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ease, family history of hip fracture, and alcohol
and tobacco use. These are common comorbidi-
ties among young patients with inflammatory
conditions like inflammatory bowel disease and
rheumatoid arthritis, and substantially impact
individual fracture risk. Adults >40 years of age
are risk stratified using FRAX scores, an estab-
lished method that incorporates clinical GIO risk
factors. However, this method has specific limita-
tions when applied to glucocorticoid users.
FRAX equations do not adequately adjust for
high-dose or prolonged glucocorticoid exposure,
cannot assess the BMD-independent effects of
glucocorticoids on bone [26], and rely on hip
BMD when glucocorticoids cause disproportion-
ate loss of trabecular BMD, best measured at the
spine.

The guideline authors address these issues by
recommending annual fracture risk assessment
for all patients that evaluates glucocorticoid dose,
duration, and exposure pattern, screens for fall
risk, frailty, and the clinical risk factors as
described and assesses body mass index, muscle
strength, and signs of occult fracture. The authors
recommend that patients with concerning find-
ings on this assessment undergo serial BMD test-
ing regardless of their original fracture risk
classification. The guidelines also endorse the
Fracture Risk Calculator, an alternative to FRAX
that incorporates spine BMD, for patients with
discordant hip and spine BMD measurements
(available at: https://riskcalculator.fore.org/).

Glucocorticoid-Induced Changes
in BMD and Bone Microarchitecture

In postmenopausal osteoporosis, the risk of
osteoporotic fractures has been shown to be dou-
bled for each standard deviation decrease in
BMD [116], but this may underestimate the frac-
ture risk for patients treated with glucocorticoids.
In glucocorticoid-treated asthmatic patients with
vertebral fractures, Luengo et al. [117] found that
BMD was higher compared with a group with
postmenopausal osteoporosis and fractures.
Similarly, Peel et al. [118] found that steroid-
treated patients with RA had a 6.2-fold increased

risk of vertebral fractures with only a0.8-1.5S.D.
decrease in lumbar spine BMD. Therefore, in
addition to BMD, the decision to start treatment
may also depend on assessment of clinical risk
factors.

Increased rates of bone loss in the hip, spine,
and radius are well documented in individuals
treated with glucocorticoids. Earlier studies
revealed that the BMD loss is an immediate con-
sequence of the introduction of glucocorticoids
therapy and affects the trabecular bone (i.e.,
spine) more than it does the cortical bone (i.e.,
femur). According to a meta-analysis of 56 cross-
sectional studies and 10 longitudinal studies,
bone loss assessed by dual-energy X-ray absorp-
tiometry can be 5-15% during the first year of
treatment [24]. The main determinant of BMD at
any time is the cumulative dose. The increased
rate of bone loss persists in chronic glucocorti-
coids users, but at slower rate.

Data obtained from assessment of bone micro-
architecture using high-resolution peripheral
computed tomography (HRpQCT) are sparse. In
a cross-sectional study of 30 postmenopausal
women who had received oral glucocorticoids for
longer than 3 months, despite similar areal BMD
values to 60 control subjects, significantly lower
total, cortical, and trabecular volumetric BMD,
thinner cortices, increased trabecular separation,
and reduced trabecular number were reported in
the radius and tibia; whole bone stiffness,
assessed using finite element analysis, was also
significantly reduced in comparison with the con-
trols [119]. Although the patients and controls
were generally well matched, however, bisphos-
phonate use was significantly more common in
the former (100% vs. 8.6%), so definite attribu-
tion of the observed differences to glucocorticoid
therapy cannot be made.

Trabecular bone score (TBS) provides an
indirect index of trabecular bone architecture
that can be obtained from DXA images of the
lumbar spine and has predictive value for frac-
ture independent of BMD [120]. In 64 post-
menopausal women who had taken prednisolone
in a dose of >5 mg daily for >3 months, TBS
was significantly lower than in a group of non-
glucocorticoid-treated controls, although lumbar
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spine BMD T-scores were not significantly dif-
ferent [121]. Similar findings have been reported
in 416 individuals on long-term glucocorticoids
(=5 mg daily for 3 months), the decrease in TBS
being most marked in men and in individuals
with fracture [122]. These findings indicate that
glucocorticoids have adverse effects on spine
bone microarchitecture that are independent of
BMD and which may contribute to increased
fracture risk.

Monitoring BMD Changes/
Response to Therapy

It is recommended for all adults >40 years of age,
and for adults <40 years of age with prevalent
osteoporotic fracture or other osteoporosis risk
factors, to arrange for BMD testing at the start of
glucocorticoid treatment. For adults >40 years of
age, serial BMD monitoring is recommended
every 1-3 years for those not on anti-osteoporotic
treatment, and every 2-3 years during treatment
for those taking “very high dose glucocorticoids”
(>30 mg/day prednisone equivalent with >5 g
annual cumulative exposure), poor medication
response, adherence or absorption, or other risk
factors for bone loss. BMD assessment should be
carried out every 2-3 years after completing
treatment. For adults <40 years of age, BMD
monitoring every 2-3 years regardless of treat-
ment is recommended for those with a moderate
to high fracture risk, very high dose glucocorti-
coid exposure, or other risk factors [123].

Fracture Risk Assessment
in Individuals Treated with Steroids

The WHO fracture risk assessment tool (FRAX)
(http://www.shef.ac.uk/FRAX) algorithm has
been developed to estimate the 10-year risk of
hip and other major fractures (clinical spine,
humerus, or wrist fracture) based on clinical
risk factors, with or without BMD. The risk fac-
tors included in FRAX are: age, sex, body mass
index (BMI), personal history of fracture, paren-
tal history of hip fracture, current smoking,

alcohol intake, glucocorticoid use, rheumatoid
arthritis, and other causes of secondary osteopo-
rosis and femoral neck (not spine) BMD. These
clinical risk factors are largely independent of
BMD and can thus improve the fracture risk
assessment. FRAX cannot be used in premeno-
pausal women, men aged <40 years and in sub-
jects previously treated with anti-osteoporotic
drugs.

One of the limitations of FRAX is that use of
oral GCs is recorded as a dichotomous risk factor
and does not take into account the dose of gluco-
corticoid and the duration of use. Moreover,
FRAX does not take into account the difference
in risk between prior and current use [97]. FRAX
assumes an average dose of prednisolone (2.5—
7.5 mg/day or its equivalent) and may underesti-
mate fracture risk in patients taking higher doses
and may overestimate risk in those taking lower
doses. Moreover, the predictive value of FRAX
has been mainly validated for non-vertebral frac-
tures although the principal risk in glucocorti-
coids users is for vertebral fractures. Adjustment
of FRAX has been proposed for postmenopausal
women and men aged >50 years with lower or
higher doses than 2.5-7.5 mg/day: a factor of 0.8
for low-dose exposure and 1.15 for high-dose
exposure for major osteoporotic fractures and
0.65 and 1.20 for hip fracture probability [124].
For very high doses of glucocorticoids, greater
upward adjustment of fracture probability may
be required. Moderate risk was defined as a
10-yearr major osteoporosis fracture risk of
10-19% and a hip fracture risk of 1.1-2.9%, with
both doses adjusted. Pharmacologic therapy was
suggested for these two groups. Low-risk patients
were defined to have a major osteoporosis frac-
ture risk of <10% and a hip fracture risk of <1%
in 10 years. These patients can be treated conser-
vatively with adequate dietary calcium and vita-
min D, with supplements of the latter if
necessary.

Using data from the UK General Research
Practice Database, Kanis et al. [125] have pro-
vided adjustments that can be incorporated into
the FRAX calculations to adjust for different
doses of glucocorticoids (Table 31.2). For daily
doses of over 7.5 mg daily of prednisolone or


http://www.shef.ac.uk/FRAX

840

Y. El Miedany

Table 31.2 Adjustment of FRAX-derived 10-year prob-
ability of osteoporosis fracture according to dose of glu-
cocorticoids. Data from reference [128]

Average adjustment Average

for 10-year adjustment for
Daily dose of  probability of major 10-year
prednisolone  osteoporotic Probability of
(mg) fracture hip fracture
<25 —20% —35%
2.5-7.5 No change No change
>7.5° +15% +20%

aGreater upward adjustment of fracture risk, may be
appropriate, for high doses of prednisolone

equivalent, greater upward adjustment of fracture
probability may be required. It should be noted
that the duration of glucocorticoid therapy and
cumulative dose are not accommodated within
the FRAX algorithm. In addition, the use of total
hip BMD in FRAX may result in underestimation
of fracture risk in patients with differentially low
spine BMD, although a correction for this discor-
dance has been proposed [40, 41, 126, 127]. A
final caveat is that the response to treatment in
glucocorticoid-treated individuals selected on the
basis of FRAX-derived fracture probability has
not been documented.

FRAX assessment has already been included
in some guidelines at different steps of the
treatment decision. The American College of
Rheumatology (ACR) has created guidelines
addressing management of GIO, last updated
in 2017 [115]. Adult patients are risk stratified
by age and their fracture risk as well as the ste-
roid therapy dose. In concordance, the
International Osteoporosis Foundation (IOF)-
European Calcified Tissue Society [129] rec-
ommendations advised that a treatment
decision for postmenopausal women and for
men aged >50 years exposed to oral glucocor-
ticoids for >3 months should be based on frac-
ture risk assessment with FRAX adjusted for
glucocorticoid use (with or without BMD test-
ing). Treatment can be considered directly
(without FRAX assessment) if patients are at
high risk defined by one of the following crite-
ria: prevalent fracture, age >70 years, and
exposure to a glucocorticoid dose >7.5 mg per
day or low BMD (T < -2.5).

Glucocorticoid-Induced
Osteoporosis in Children
and Adolescents

Children represent a different approach as bone
development is still critical. In children, weight
gain, growth retardation, and Cushingoid features
are the most frequent adverse reaction to chronic
oral glucocorticoid use, but a recent meta-analysis
that included a total of 6817 children noted a 21%
incidence of decreased bone mineral density
[130]. Growth retardation, whether directly or
through suppression of the hypothalamic—pitu-
itary axis or of sex steroid hormone production,
puts children at considerable risk of osteoporosis
in adulthood, as peak bone mass is achieved in
late adolescence and early adulthood. While there
are few prospective randomized controlled trials,
there is general consensus for ensuring adequate
calcium and vitamin D intake and for avoidance
of further pharmacologic means such as bisphos-
phonates. Bisphosphonate use should only be
considered, very carefully, for children who have
an osteoporotic fracture who are still continuing
long-term glucocorticoid use.

For inhaled steroid use in children, commonly
prescribed for asthma, most studies have not
reported significant effects of inhaled steroid on
bone markers [131-133], although a few have
identified decreased BMD with high dose inhaled
corticosteroids [134]. On the other hand, a point
of argument has been raised, as better control of
asthma leads to greater physical activity, which is
beneficial to bone development. It is now well-
accepted that no bone-specific monitoring or
pharmacologic treatment is needed in intermit-
tent or routine inhaled corticosteroid use for
asthma, though “periodic” evaluations of bone
density may be advised in long-term, high-dose
therapies [135].

Management of Glucocorticoid-
Induced Osteoporosis

In a study of a large managed care population in
the United States, Saag and colleagues [136]
found low rates of preventative interventions in
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individuals on long-term glucocorticoid therapy.
Postmenopausal women were the most likely to
receive recommended interventions, yet only
approximately 50% were treated with anti-
osteoporotic medication. In total, 19% of post-
menopausal women underwent bone mass
measurements. This number dropped to <6% in
women under 50 years of age as well as in men.
The study also found that rheumatologists were
three to four times more likely to initiate the
above interventions than internists or family
practitioners. Interventions carried out aiming at
improving physician management of GIO have
largely been unsuccessful. When physicians were
randomized to receive a web-based GIO inter-
vention (including a personalized performance-
audit and feedback) versus control intervention,
there was no significant increase in BMD testing
(19% versus 21%) or prescription of antiosteopo-
rotic medications (32% versus 29%) in the year
following the intervention [137].

There is a mismatch between BMD data and
fracture data in patients receiving glucocorticoids
because of the disparity related to the alteration
of bone quality. At similar levels of BMD, post-
menopausal women taking glucocorticoids have
considerably higher risk of fracture than controls
not using glucocorticoids [96]. There is a debate
on the appropriate T-score threshold to be consid-
ered a risk and as an indication for treatment in
patients with glucocorticoids: the same diagnos-
tic criterion as in postmenopausal women has
been suggested (T < —2.5), but a higher threshold
(i.e., T < —1.5) has been proposed for interven-
tion, because bone loss can be 10% or more in
some individuals over the first year of glucocorti-
coids use [138].

There is no means to provide an evidence-
based threshold for treatment decisions. A practi-
cal approach is to recommend a BMD
measurement in glucocorticoids users (optimally
at the initiation of treatment) and to consider that
patients with T < —2.5 as those who should
receive the highest priority for treatment [139].
However, beyond the BMD, a more comprehen-
sive approach of the risk and clinical judgment is
recommended. This will be discussed in further
details later in this chapter.

Management of steroid-induced osteoporosis
can be stratified into general measures and phar-
macological measures.

General Measures

At the initiation of glucocorticoid treatment, clin-
ical assessment should be carried out to assess
for: measurement of the patient’s height, as
height loss in the follow-up could be related to
asymptomatic vertebral fractures. Biological
tests are performed to screen for other causes of
bone diseases. There is no indication for assess-
ment of biochemical markers of bone remodeling
either at baseline or during follow-up, as bone
turnover is not reliable for interpretation on indi-
vidual basis among and is consistently low in
glucocorticoid users [104].

A number of life-style measures may mitigate
the harmful skeletal effects of glucocorticoids,
although the evidence base for this approach is
weak and requires extrapolation from studies in
non-glucocorticoid-treated individuals. The risk
of falling should be assessed in particular in
elderly patients, patients with painful joints of the
lower limbs, and patients with massive doses of
glucocorticoids. Fall risk should be assessed at
baseline and preventive measures instituted
wherever appropriate. Exercise, tailored to the
individual patient, and good nutrition with ade-
quate dietary calcium intake should be advocated
with avoidance of smoking and alcohol abuse.
Maintenance of an adequate vitamin D status
should also be advised.

As the daily dose of glucocorticoids is a deter-
minant of fracture risk, attention should be paid
to keep the dose of glucocorticoids to a mini-
mum. This must be constantly reviewed by con-
sidering both the reduction of the dose to the
minimally active, considering alternative admin-
istration such as intra-articular injections., or the
use of steroid-sparing drugs such as methotrexate
or azathioprine or alternative routes of adminis-
tration (e.g., inhaled or topical) where appropri-
ate. Topical therapy (such as inhaled
glucocorticoids or glucocorticoid enemas for
asthma or bowel disease, respectively) is pre-
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ferred over enteral or parenteral glucocorticoids
whenever possible. Nonsteroidal therapies should
be used when possible to maintain remission,
once achieved. However, it is also important to
maintain suppression of the underlying disease,
since this will prevent the adverse skeletal effects
of inflammation and other effects of increased
disease activity.

Nutrition/Calcium and Vitamin D
Supplementation

Attention to nutrition must be paid to prevent
protein and calcium intake deficiencies. Calcium
and vitamin D have been used for decades in
GIO, although there are controversies about their
effect on BMD. In 66 patients with RA receiving
prednisone, 1000 mg/day of calcium carbonate
and 500 IU/day of vitamin D3 induced a positive
change of 0.63% per year at the lumbar spine,
versus a decrease of 1.31% per year in the pla-
cebo group; there was no effect at the femoral
neck [140]. No benefit was observed in another
study with a 3-year follow-up [141].

Decrease sex
steroids
leading to

Decreased
calcium absorption
& resorption
Increased
parathyroid
hormone

Fig. 31.5 Management of glucocorticoid-induced osteo-
porosis: counteracting the negative impact of glucocorti-
coids on the bone: Mechanism of action of the
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However, it is reasonable to consider that any
deficiency in calcium and vitamin D could be
deleterious in patients beginning or receiving
glucocorticoids. For calcium, the recommenda-
tion is to have an intake of 1000-1500 mg/day,
and supplementation should be prescribed only
to patients whose dietary intake does not provide
this adequate quantity. Glucocorticoid-treated
patients may seldom be outdoors and thus
exposed more than the general population to vita-
min D deficiency. Vitamin D Supplementation is
considered adequate in the range of 800-2000 IU
per day. There is no evidence of an advantage
using calcitriol or alfacalcidol, as there is a large
variability of outcomes with these vitamin D
metabolites over plain vitamin D [104].

Pharmacologic

Anti-resorptives and teriparatide have been
assessed in prevention and treatment of GIO
(Fig. 31.5). There are a number of issues regard-
ing their efficacy. In contrast to BMD, which was
considered as the main end point, fracture inci-

Osteocytes

antiresorptive (bisphosphonates and denosumab) or ana-
bolic agents (teriparatide, abaloparatide, and romoso-
zumab) on bone
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dence has not been a primary end point of any
study. Furthermore, the duration of the studies
tends to be short (I year on average), and the
number of men and premenopausal women in
these studies is low. Thus, the efficacy on
fracture(s) prevention in patients treated with
glucocorticoids is mainly based on bridging data
between the short-term change in BMD, and the
long-term change in BMD and reduction of frac-
ture risk in postmenopausal patients diagnosed
with osteoporosis.

In addition, there is inevitable heterogeneity
in glucocorticoid-treated trial populations, with
respect to age, underlying disease, comorbidities
and co-medications, dose and duration of gluco-
corticoid therapy, and the timing of bone protec-
tive therapy. Furthermore, the duration of most
treatment studies has been relatively short and
this, combined with smaller trial populations,
reduces the strength of the safety database [142].

Antiresorptive Agents
Bisphosphonates

Bisphosphonates are the most popular anti-
osteoporotic medication. Alendronate (oral 5 or
10 mg once daily, or 70 mg once weekly), rise-
dronate (oral 5 mg daily or 35 mg one weekly),
and zoledronate (intravenous infusion 5 mg once
yearly) are all approved for this indication. All
have been shown to have beneficial effects on
lumbar spine and hip BMD in people treated with
glucocorticoids [143-150], and for alendronate
and risedronate, there is also evidence from post
hoc analyses for a reduction in the rate of verte-
bral fractures [148, 149].

Alendronate was assessed in a placebo-
controlled study in 477 men and women over
48 weeks. There was a 2.1% and 2.9% increase at
the lumbar spine in the 5 and 10 mg alendronate
groups, respectively, and a 0.4% decrease in the
placebo group. At the femoral neck the changes
were +1, +1.2, and —1.2%, respectively.
Interestingly the decrease of BMD in the placebo
group (receiving calcium and vitamin D) was
driven by the duration of glucocorticoids: —2.9,

—1.4, +0.8 in patients receiving GCs for less than
4 months, 4—12 months, and more than 12 months,
respectively [151]. In a follow-up study in a sec-
ond year, performed in 208 out of the 477
patients, there were fewer patients with new ver-
tebral fractures in the treated group (0.7%) than
in the placebo group (6.8%) [152].

Two 1-year studies were performed with rise-
dronate, one for prevention in patients beginning
glucocorticoids and one for treatment of GIO in
patients chronically treated with glucocorticoids.
Data from pooling these two studies suggest a
reduction of fractures in the first year of therapy:
16% of placebo patients and 5% of those on rise-
dronate 5 mg/day [153—155].

In a comparative double blind randomized
study, zoledronic acid (1 injection) induced a
higher BMD increase than risedronate (daily) in
treatment (+4.06 vs +2.71%) and prevention
(+2.6 vs 0.6%) subgroups over 1 year at the lum-
bar spine [156].

The number of non-vertebral and hip fractures
has been insufficient in individual trials to assess
an impact of bisphosphonates. However, data
from cohort studies provide some evidence for
efficacy at these sites. In an observational cohort
study of women aged >65 years taking alendro-
nate or risedronate, Thomas et al. [157] studied
the baseline incidence of clinical fractures in the
first 3 months after starting glucocorticoid ther-
apy and the fracture incidence in the following
12 months. Compared with the baseline inci-
dence, both clinical vertebral and non-vertebral
fracture incidence were significantly lower.
Treatment within the first 90 days of glucocorti-
coid use was associated with a significant reduc-
tion in clinical fractures (including vertebral) of
48% at 1 year and 32% at 3 years when compared
with nonuse. Finally, in three matched cohorts
derived from healthcare administrative data from
Ontario, Canada, Amiche et al. [158] reported
that in individuals initiating long-term glucocor-
ticoids, therapy within the first 6 months with
alendronate or risedronate was associated with a
decrease in incident hip fracture (alendronate
0.49 (0.34-0.69), risedronate 0.58 (0.36-0.90).
The results confirmed a reduction in vertebral
fracture risk with etidronate, alendronate, and
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risedronate, but no decrease in risk of forearm or
humerus fractures for any bisphosphonate. The
analysis was limited to oral bisphosphonates, and
zoledronic acid was not considered. Overall,
therefore, these studies would be consistent with
a beneficial effect of bisphosphonates both on
vertebral and non-vertebral fracture, including
hip fracture.

The safety profile of bisphosphonates in
glucocorticoid-induced osteoporosis has been
less well studied than in postmenopausal osteo-
porosis because of the small number of partici-
pants included and shorter duration of the trials.
Attention has been paid recently to osteonecrosis
of the jaw and atypical femoral fractures such as
side effect of long-term administration of antire-
sorptive drugs in osteoporosis; these events are
very rare [159, 160] but glucocorticoids use is
one of the identified risk factors. Buccal hygiene
procedures should be implemented to prevent
any local increased risk of infection. Whether
these rare events can change the duration of anti-
resorptive treatments in long-term glucocorti-
coids users; this requires further studies. Because
of comorbidities and co-medications, people tak-
ing glucocorticoids may be more susceptible to
side effects [161, 162].

Bisphosphonates should be used cautiously in
premenopausal women, as they cross the pla-
centa; appropriate contraception must be used if
necessary and preference given to a short bone
half-life bisphosphonate [142].

Denosumab

Denosumab inhibits bone resorption by binding
to RANKL and interfering with the development
of osteoclasts. A non-inferiority trial comparing
denosumab with risedronate in patients who were
beginning to receive glucocorticoids and in those
who had received these agents long-term showed
superiority of denosumab with respect to
increases in bone mineral density at the spine at
12 months and non-inferiority with respect to
rates of fracture [163].

A systematic review and meta-analysis of four
randomized-controlled trials evaluating the effi-

cacy and safety of denosumab for the prevention
and/or treatment of GIO [164] revealed that treat-
ment with denosumab provided significantly
greater increments in lumbar spine and total hip
BMD, compared with bisphosphonate therapy or
placebo. There was no difference in fracture inci-
dence; however, the total number of reported
fractures across trials was low, and the studies
were not powered to detect fracture differences
between treatment groups. In a previously pub-
lished meta-analysis excluding GIO studies
[165], denosumab likewise increased spine and
hip BMD greater than that observed with bisphos-
phonate therapy. Fracture wise, denosumab was
associated with significantly fewer fractures at
24 months, when compared with alendronate
(risk ratio 0.51, 95% CI1 0.27-0.97).

A third previously published meta-analysis of
11 studies using denosumab to treat postmeno-
pausal women with osteoporosis indicated an
increased risk of serious adverse events related to
infections [166]. However, the meta-analysis car-
ried out by Yanbeiy and Hansen [164] did not
detect a difference in the frequency of infections
between denosumab and control groups. Rates of
adverse events and serious adverse events were
also similar between denosumab and control
groups. In summary, denosumab represents a rea-
sonable therapeutic choice for patients with GIO.

Anabolic in the Management
of Glucocorticoid-Induced
Osteoporosis

The predominant role of reduced bone formation
in glucocorticoid-induced osteoporosis provides a
rationale for the use of anabolic agents in its treat-
ment. In an active comparator controlled, ran-
domized, double blind study the effects of
18-month treatment with subcutaneous teripara-
tide, 20 pg/day, or oral alendronate 10 mg/day,
were compared in 428 men and women with
glucocorticoid-induced  osteoporosis  [167].
Teriparatide therapy resulted in significantly
greater increases in spine and hip BMD, and this
was seen in both premenopausal and postmeno-
pausal women and in men [167]. In another mul-
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ticenter, randomized, double-blind study of
teriparatide 20 microg/day versus alendronate
10 mg/day in patients with GIO (277 postmeno-
pausal women, 67 premenopausal women, 83
men) [168], at 18 months, mean percent increases
from baseline in lumbar spine BMD were signifi-
cantly greater in the teriparatide versus alendro-
nate group in postmenopausal women (7.8%
versus 3.7%, p < 0.001), premenopausal women
(7.0% versus 0.7%, p < 0.001), and men (7.3%
versus 3.7%, p = 0.03). Radiographic vertebral
fractures occurred in one teriparatide (one post-
menopausal) and ten alendronate patients (six
postmenopausal, four men), and nonvertebral
fractures occurred in 12 teriparatide (nine post-
menopausal, two premenopausal, one man) and
eight alendronate patients (six postmenopausal,
two men). The proportion of patients reporting
adverse events in teriparatide versus alendronate
groups was consistent across subgroups. The
magnitude of increase in BMD was somewhat
less than that seen in nonglucocorticoid-treated
postmenopausal women in another study [169],
possibly as a result of the opposing actions of
intermittent PTH and glucocorticoids on osteo-
blastogenesis, and osteoblast and osteocyte apop-
tosis [170-172]. Although fracture was not a
primary end-point of the study, in concordance
with the results of the study carried out by
Langdahl et al. [168], there were significantly
fewer new vertebral fractures occurred in the
patients treated with teriparatide when compared
with those treated with alendronate (0.6% vs.
6.1%; p = 0.004). The incidence of non-vertebral
fractures was similar in the two treatment groups.
In a study carried out by Saag and colleagues
[173], results after 36 months of treatment dem-
onstrated a continued increase in spine and hip
BMD in the teriparatide-treated group, with supe-
riority over alendronate at the 24- and 36-month
time points. A lower incidence of new vertebral
fractures was also seen in the teriparatide group at
36 months (1.7% vs 7.7%, p = 0.007), with a simi-
lar incidence of non-vertebral fractures in the two
groups. Interestingly, measurements of TBS in a
subpopulation of this study demonstrated a sig-
nificant increase after 36 months in teriparatide-
treated patients, but no significant change in those

treated with alendronate [122]. While the long
duration of this study is unique among treatment
trials for glucocorticoid-induced osteoporosis, it
should be noted that the participant discontinua-
tion rate at 36 months was 44%.

However, bone loss and fractures occur rap-
idly after teriparatide is discontinued; therefore,
after discontinuation, an antiresorptive agent
such as bisphosphonate or denosumab should be
initiated. Initial treatment with an anabolic agent
such as teriparatide or abaloparatide, followed by
an antiresorptive agent, may be considered for
treatment of severe osteoporosis (bone mineral
density T score below —2.5 in patients with a his-
tory of fracture). With regard to safety, increased
pre-dose serum calcium levels were significantly
more common in the teriparatide than
alendronate-treated group (21% vs. 7%), but no
other concerns were identified [174].

Romosozumab

Romosozumab is a monoclonal antibody against
sclerostin, a protein secreted by osteocytes that
inhibits bone formation through regulation of
osteoblasts. Through its mechanism of action
through which it blocks the repressive effect of
sclerostin on the Wnts pathway, romosozumab
acts as a potent bone forming stimulator.
Furthermore, since sclerostin promote the forma-
tion of osteoclasts through a RANKL-dependent
mechanism, the inhibitory effect of romoso-
zumab on bone resorption gives romosozumab
the dual function effect on bone, i.e., stimulate
bone formation and inhibit bone resorption,
which gives promising positive implications for
the management of GIO. Earlier studies on
glucocorticoid-treated  rats  revealed  that
sclerostin-antibody treatment resulted in marked
improvements in bone mass across the rats’ skel-
eton and in osteocyte viability, resulting in
decreased bone fragility [175]. However, like
abaloparatide, sclerostin antibodies have not
been studied in patients on chronic steroids; how-
ever, they have shown benefit when administered
subcutaneously in postmenopausal women and
men. In postmenopausal women specifically,
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romosozumab increased BMD when compared
with placebo and teriparatide and decreased the
incidence of fractures when compared with pla-
cebo and alendronate [176—180]. There is cur-
rently an ongoing study to assess the efficacy of
romosozumab versus denosumab for osteoporo-
sis in long-term glucocorticoid users in an open
randomized parallel group-controlled trial
(https://www.smartpatients.com/trials/
NCTO04091243#locations).

Third-Line Agents

Treatment either with raloxifene (a selective
estrogen-receptor modulator) in postmenopausal
women should be reserved for patients in whom
other treatments are contraindicated or in whom
such treatments have failed. Raloxifene is
approved by the Food and Drug Administration
for the prevention and treatment of glucocorticoid-
induced osteoporosis in postmenopausal women.
One trial showed that in postmenopausal women
who received glucocorticoids, raloxifene signifi-
cantly increased absolute bone mineral density
(measured in grams per square centimeter) at the
lumbar spine by 1.3% from the baseline measure,
as compared with calcium and vitamin D supple-
mentation, which decreased the absolute bone
mineral density [181].

However, there was no difference in bone
mineral density at the femoral neck between the
treatment groups, and trials assessing rates of
fracture among patients who have received both
glucocorticoids and raloxifene are lacking.
Although raloxifene has been shown to reduce
the risk of estrogen receptor-positive breast can-
cer [182], potential adverse effects include hot
flashes, leg cramps, venous thromboembolism,
and fatal stroke [183].

Follow-Up

In cases of a fracture occurring >18 months after
initiation of oral bisphosphonate therapy or sig-
nificant bone loss (>10%/y) after 12-months of
therapy, it is recommended to treat with oral

bisphosphonate. Alternatively, an intravenous
bisphosphonate can be considered, if absorption
or adherence problems are suspected. Another
class of osteoporosis medication (teriparatide and
denosumab) can be prescribed in case of intoler-
ability or lack of efficacy to first line of manage-
ment [115].

For patients who have completed 5 years of
oral bisphosphonate therapy and are expected to
continue glucocorticoid treatment, further treat-
ment for osteoporosis is recommended and may
include continuing oral bisphosphonate for
7-10 years or switching to a different class of
osteoporosis medication. When glucocorticoid
therapy is discontinued, fracture risk should be
reassessed. If the fracture risk is deemed to be
low, it is recommenced to withhold osteoporosis
therapy. Otherwise, treatment should be contin-
ued [104, 115].

Algorithm for Assessment
and Management of GIO

Undertreatment of glucocorticoid-induced osteo-
porosis has been widely recognized [21, 184]. Ina
population-based study of adults age >20 years,
rates of BMD testing and prescription of bone pro-
tective medication between 1998 and 2008 were
studied in individuals prescribed systemic gluco-
corticoids for 90 days or longer [185]. Overall, in
the first 6 months after initiation of glucocorticoid
therapy, only 6% had BMD testing, 22% received
therapy, and 25% had both interventions.
Undertreatment was greatest in younger peo-
ple and men, and primary care physicians had
lower prescription rates than rheumatologists.
Similar results have been reported using informa-
tion from a national public health-insurance data-
base in France, with only 8% undergoing BMD
testing and prescriptions of calcium *vitamin D
alone or together with bisphosphonates were
issued in 18% and 12% respectively [186]. In a
large cohort from Canada of men and women
aged 66 years or over who were initiating long-
term glucocorticoid therapy, Amiche et al.
reported that only 13% were prescribed bone
protective therapy [158]. The problem of under-
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treatment is compounded by poor persistence
with bisphosphonate therapy, particularly in
younger people, those with comorbidities, and
those in whom BMD measurements have not
been made [187].

According to the 2017 guidelines by the
American College of Rheumatology [115],
glucocorticoid-treated patients can be classified
into the following fracture risk categories:

High Fracture Risk

* All adults with prior osteoporotic fracture.

e Men aged >50 years and postmenopausal
women with hip or spine bone mineral density
T-score < —2.5.

e Adults aged >40 years with a glucocorticoid-
adjusted Fracture Risk Assessment Tool
(FRAX) 10-year risk for major osteoporotic
fracture or hip fracture of >20% or >3%,
respectively.

Moderate Fracture Risk

* Adults aged >40 years with a glucocorticoid-
adjusted FRAX 10-year risk for major osteo-
porotic fracture of 10%—19% or risk for hip
fracture of >1%—<3%.

e Adults aged <40 years with a hip or spine
bone mineral density Z-score of <—3 or rapid
bone loss of >10% at the hip or spine over
1 year and glucocorticoid treatment at
>7.5 mg/d for >6 months.

Low Fracture Risk

e Adults aged >40 years with a glucocorticoid-
adjusted FRAX 10-year risk for major
osteoporotic fracture of <10% and risk for hip
fracture of <1%.

e Adults aged <40 years with none of the above
risk factors other than glucocorticoid
treatment.

Figure 31.6 shows an algorithm to for assess-
ment and management of GIO. Stages of assess-
ment and management can be split into three
sections:

Initial fracture risk assessment: A clinical
fracture risk assessment includes obtaining a his-
tory with full details of glucocorticoid use (dose,
duration, and pattern of use), an evaluation for
falls, fractures, frailty, and other osteoporosis risk
factors (malnutrition, significant weight loss or
low body weight, hypogonadism, secondary
hyperparathyroidism, thyroid disease, family his-
tory of hip fracture, and history of alcohol use [at
>3 units/day] or smoking) and other clinical
comorbidities, in addition to a physical examina-
tion including measurement of weight and height
(without shoes), testing of muscle strength, and
assessment for other clinical findings of undiag-
nosed fracture (i.e., spinal tenderness, deformity,
and reduced space between lower ribs and upper
pelvis) as appropriate given the patient’s age. The
risk of major osteoporotic fracture calculated
with the FRAX tool (https://www.shef.ac.uk/
FRAX/tool.jsp) should be increased by 1.15 and
the risk of hip fracture by 1.2, if the prednisone
dose is >7.5 mg/day (e.g., if the calculated hip
fracture risk is 2.0%, increase to 2.4%). It is rec-
ognized that in some cases, bone mineral density
(BMD) testing may not be available.

Reassessment of fracture risk: A clinical frac-
ture risk reassessment carried out as above. Very
high dose of glucocorticoids treatment was
defined as treatment

with prednisone >30 mg/day and a cumulative
dose of >5 gm in the past year. Reliability of
FRAX (https://www.shef.ac.uk/FRAX/tool.jsp)
after osteoporosis treatment is debated, but
FRAX calculation can be repeated in adults age
>40 years who have not received treatment.

Pharmacologic  treatment for  adults:
Recommended doses of calcium and vitamin D
are 1000-1200 mg/day and 600-800 IU/day
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| Children and Adults on Glucocorticoid Therapy |

I

Adults <40-years old

1 l

1

Adults >40-years old

FRAX assessment — Steroid

No additional Prior Osteoporotic Fracture

reassessment

Assess for Osteoporosis risk factors

Adjusted & BMD within 6 months
of starting steroid therapy

other than clinical
fracture risk

4/\

T~

Low Fracture Risk

Moderate fracture risk

reassessment Yes Prior osteoporotic
None 2
every 12-months No BMD testing BMD testing within 6-months of ) z:':‘:t:(i(; fracture(s)
the starting glucocorticoids therapy FBAX (GC- d
adjusted”) 10- 1_0|'(y1ear 1M?F Hip or spine BMD T-score -
/\ year risk of risk 10-19% 2.5 in men/ postmenopausal
MOF <10%
Hip or spine BMD Z score ° FRAX (GC- women age >50 years
<-3, or . "
rapid bone loss (210% at Prior FRAX (GC- j‘g{“z‘:’ ) FRAX (GC-adjusted®) 10-year
the hip or spine over 1-yr; osteoporotic adjust‘ei )f1:‘ riskyof ip MOF risk >20%
.. N ! year risk of hip
& Continuing steroid fracture(s) fracture 1% fracture >1% " .
treatment at >7.5 mg/day : nd <3% FRAX (GC-adjusted") 10-year
for >6 months and <3% risk of hip fracture >3%

High Fracture Risk

Women of childbearing potential | Women not of childbearing potential & Men |
No Treatment (not planning pregnancy during period of OP treatment) 'y
Monitor with yearly clinical . -
Treat with | bisphohonate thi
FRAX and BMD testing every l reat with an oral bisphohonate therapy

Other suggested therapies: IV bisohonohontes,

1-3 years depending on risk
factors + calcium/ vitamin D
and lifestyle changes

Treatment: oral bisphosphonate therapy
Second line: Teriparatide

+ Calcium/ Vitamin D &lifestyle changes
BMD testing every 2-3 years

teriparatide, denosumab, rlaxifen for PMP
women if no other therapy available.

+ Calcium/ Vitamin D &lifestyle changes
BMD testing every 2-3 years

Fig.31.6

(serum level >20 ng/ml), respectively. Lifestyle
modifications include a balanced diet, maintain-
ing weight in the recommended range, smoking
cessation, regular weight-bearing and resistance
training exercise, and limiting alcohol intake to
1-2 alcoholic beverages/day. Very high-dose glu-
cocorticoid treatment was defined as treatment
with prednisone >30 mg/day and a cumulative
dose of >5 gm in the past year. The risk of major
osteoporotic fracture calculated with the FRAX
tool (https://www.shef.ac.uk/FRAX/tool.jsp)
should be increased by 1.15 and the risk of hip
fracture by 1.2, if the prednisone dose is >7.5 mg/
day.

Table 31.3 shows a comparison of the main
guidelines published regarding the treatment
indications for glucocorticoid-induced
0Steoporosis.

An algorithm for assessment and management of glucocorticoid-induced osteoporosis

In conclusion, there have been significant
advances in our understanding of the mecha-
nisms by which glucocorticoids affect bone and
increase fracture risk. Yet, the clinical manage-
ment of glucocorticoid-induced osteoporosis
remains suboptimal. Use of glucocorticoid for a
duration of over 3 months leads to decreased
bone mineral density, primarily through osteo-
blast suppression, as well as through increasing
osteoclast life span. Awareness of osteoporosis
risk mandates the stratification of patients into
low, moderate, and high risk categories. Fracture
risk should be assessed in all patients at the initia-
tion of prolonged glucocorticoids therapy. All
patients should maintain adequate intake of cal-
cium and vitamin D, while those in moderate and
high risk categories should initiate bisphospho-
nate therapy, or if bisphosphonates are contrain-
dicated, use of alternative agents such as
teriparatide or denosumab.
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Table 31.3 A comparison of the four main guidelines published regarding the treatment of glucorticoid-induced

osteoporosis

Previous fracture

DXA score/ Bone

IOF-ECTS (2012)

[188, 189]

Recommend to treat

Treat is BMD <70% of

JSBMR (2014) [190]
Recommend to treat

Treat at T-score

NOGG (2017)
[191]
Recommend to
treat

DXA scan not
indicated

Treat if above the
age-dependent
threshold®

Treat if >7.5
prednisone or
equivalent

ACR (2017) [115]
Recommend to treat

>40-years old: treat if
T-score < —2.5
<40-years old: Treat if
Z-score < —3.0
>40-years: treat if
FRAX (GC-adjusted?)
10-year MOF risk >20%
FRAX (GC-adjusted?)
10-year risk of hip
fracture >3%

<40-years: treat if rapid
bone loss (>10% at the hip
or spine over 1-yr
<40-years: consider
treatment if treatment at
>7.5 mg/day for

mineral density the Young Adult Mean < -1.5
(age 20-44 years)
FRAX Not indicated Treat if above the
(glucocorticoid individual country
adjusted) specific thresholds
Glucocorticoid Treat if >7.5 Treat if >7.5
dose prednisone or prednisone or
equivalent equivalent
Older adults Treat if >65 years Treat if >70 years

>6 months

>40-years: adjust FRAX
score if steroid dose above
>7.5

Treat as >40-years (no
specific consideration for
age)

Treat if >70 years

IOF/ECTS International Osteoporosis Foundation/European Calcified Tissue Society,, JSBMR Japanese Society for
Bone and Mineral Research, NOGG National Osteoporosis Guideline Group (UK), ACR American College of
Rheumatology, FRAX fracture risk assessment tool, MOF major osteoporotic fracture

*Example: >20% Major osteoporosis fracture if age >65 years, or >15% major osteoporosis fracture if age >60 years
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