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SYNOPSIS
Glucocorticoid administration is the most common cause of secondary osteoporosis and the
leading cause of nontraumatic osteonecrosis. In patients receiving long-term therapy,
glucocorticoids induce fractures in 30 to 50% and osteonecrosis in 9 to 40%. This article reviews
glucocorticoid-induced osteoporosis and osteonecrosis addressing the risk factors, pathogenesis,
evaluation, treatment, and uncertainties in the clinical management of these disorders.
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INTRODUCTION
“A marked osteoporosis of the skeleton was found, it being easily possible to cut the
vertebral bodies with a knife, the spongy part of the bone having largely disappeared.” (1).
Cushing described these adverse effects of long-term endogenous hypercortisolism on bone
in his 1932 presentation to the Johns Hopkins Medical Society. Eighteen years later, only
one year after the introduction of cortisone for the treatment of rheumatoid arthritis,
clinicians became aware of the rapidly injurious skeletal effects of glucocorticoid
administration (2,3). At first, it was uncertain whether the hip fractures that had occurred
were the result of falls due to steroid myopathy or merely coincidental with cortisone
therapy because vertebral fractures and radiographic osteoporosis had not yet been observed.
However, within just a few more years, osteoporosis and fractures were clearly recognized
as skeletal complications of treatment with cortisone, prednisolone, and prednisone (4).
Collapse of the femoral and humeral heads after high-dose therapy was described shortly
thereafter (5,6). Today, we know that glucocorticoid administration is the most common
cause of secondary osteoporosis and the leading cause of nontraumatic osteonecrosis. In
patients receiving long-term therapy, glucocorticoids induce fractures in 30 to 50% and
osteonecrosis in 9 to 40% (7,8). Sadly, patients are seldom warned about these side effects
and as a result, adverse skeletal events are the most common glucocorticoid-related
complications associated with successful litigation (9).
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GLUCOCORTICOID-INDUCED OSTEOPOROSIS (GIO)
RISK FACTORS

Bone loss in GIO is biphasic, with a relatively rapid reduction in bone mineral density
(BMD) of 6–12% within the first year, followed by a slower annual loss of about 3% for as
long as the glucocorticoids are administered (10). However, the relative risk of fracture
escalates by as much as 75% within the first 3 months after initiation of glucocorticoid
therapy and this often occurs before a significant decline in BMD (11). There is also a
remarkable decrease in the risk of fractures within the first 3 months after the
glucocorticoids are discontinued, well before any improvement in BMD. The rapid onset
and offset of the fracture risk suggest a qualitative defect in bone material properties not
captured by bone densitometry (11). Furthermore, more than one third of postmenopausal
women receiving long-term glucocorticoid therapy may have one or more asymptomatic
vertebral fractures without abnormal results on calcaneal ultrasound or lumbar and hip BMD
determinations (12). Thus, the disparity between bone quantity and quality in
glucocorticoid-induced osteoporosis makes ultrasound or BMD measurements inadequate
for identifying who is at risk of fractures (13).

Several large case-controlled studies show clear and strong associations between
glucocorticoid exposure and fracture (11,14). An increase in vertebral and hip fractures
occurs with as little as 2.5 to 7.5 mg/day of prednisolone (equivalent to 3.1 to 9.3 mg of
prednisone). In a cohort study of patients aged 18 to 64 years receiving glucocorticoids for a
variety of disorders, the combination of higher dose, longer duration and continuous use had
the greatest effect on the incidence of fractures (14). Continuous treatment with 10 mg/day
of prednisone for more than 90 days was associated with a 7-fold increase in hip fractures
and a 17-fold increase in vertebral fractures (14). At present, evidence suggests that the risk
of fracture is small and intervention is not required with single dose-pack prescriptions,
intermittent oral therapy with a cumulative exposure of less than 1 gram per year, or
replacement therapy for patients with hypopituitarism, adrenal insufficiency, or congenital
adrenal hyperplasia, provided that the replacement doses are not excessive and the
recommendations for increased dosage during periods of stress are not supraphysiologic or
inappropriate (e.g. as with mental stress as opposed to febrile or gastrointestinal illnesses)
(7,15).

The risk of glucocorticoid-induced osteoporosis is probably the same in men and women of
all ethnicities (20). Risk factors include advancing age, prolonged duration of treatment,
increased daily dosage and cumulative dose (multiple courses of high-dose oral or
intravenous therapy on a baseline of relatively low doses also increase risk), low body mass
index, prevalent fractures, frequent falls, underlying disease (especially organ transplant
recipients, inflammatory bowel disease and the accompanying malabsorption, rheumatoid
arthritis, polymyalgia rheumatica, and chronic pulmonary disease), and polymorphisms in
the glucocorticoid receptor (Table 1) (7,16–19). Another factor is the activity of the 11β-
hydroxysteroid dehydrogenase (11β-HSD) system, a pre-receptor modulator of
corticosteroid action (21). Two isoenzymes, 11β-HSD1 and 11β-HSD2, catalyze the
interconversion of hormonally active glucocorticoids (such as cortisol or prednisolone) and
inactive glucocorticoids (such as cortisone or prednisone). The 11β-HSD1 enzyme is an
activator and the 11β-HSD2 enzyme is an inactivator. Increased fractures due to
glucocorticoid administration in the elderly may be attributed to the increase in 11β-HSD1
that occurs with aging (21).

Natural and synthetic glucocorticoids differ in their vulnerability to 11β-HSD2, the
inactivation enzyme. In dexamethasone, the 11-hydroxyl is already present as it is in
prednisolone, but the fluorine atom at the 9α position of the B ring both extends the potency
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and occludes the 11β location. Dexamethasone causes more osteoporosis and osteonecrosis
than prednisone possibly because it is resistant to inactivation by 11β-HSD2 (8).

PATHOGENESIS
Histomorphometric studies in patients with GIO consistently show reduced numbers of
osteoblasts on cancellous bone and diminished wall width, a measure of the work performed
by these cells (7,22,23) (Fig. 1 and List 1). The decreased osteoblasts are due to the direct
effects of glucocorticoids to decrease the production of new osteoblast precursors and cause
premature apoptosis of the mature, matrix-secreting osteoblasts. Inadequate numbers of
osteoblasts and incomplete erosion cavity repair during bone remodeling are the main cause
of the reduction in cancellous bone area, wall width, trabecular width and bone formation
rate typically found in GIO (22). Increased osteocyte apoptosis also occurs and is associated
with decreases in vascular endothelial growth factor (VEGF), skeletal angiogenesis, bone
interstitial fluid, and bone strength (24). Bone water represents at least 20-25% of the wet
weight of bone and confers to bone much of its unique strength and resilience by reducing
stress during dynamic loading. Tensile and compressive strength, modulus of elasticity, and
hardness increase with decreasing bone water content but deformation and toughness, the
energy absorbed before failure (i.e., fracture), are greater for wet bone as compared to dry
bone. Both aging and glucocorticoid excess cause a reduction in bone blood flow and the
volume of water present in the skeleton (24).

Osteocytes and the lacunar-canalicular network are the strain sensing system of bone and
signal the need for remodeling to accommodate prevailing loads or repair damage.
Transmission of fluid shear stresses to the lacunar-canalicular network is critical for the
mechano-sensing function of the osteocytes and the mechanical adaptation of bone to
mechanical forces. Thus, glucocorticoid-induced osteocyte apoptosis could account for the
loss of bone strength that occurs before loss of BMD (25) and the resultant mismatch
between bone quantity and quality in patients with GIO (7,12,13,24).

Glucocorticoid excess also directly reduces osteoclast production but, in contrast to the
increase in osteoblast apoptosis, the lifespan of osteoclasts is prolonged. Therefore, with
longterm therapy, osteoclast numbers are usually maintained in the normal range, while
osteoblasts and bone formation plummet (22,26). These histological features are quite
distinct from those found in other forms of osteoporosis. Loss of gonadal function and
secondary hyperparathyroidism are characterized by increased osteoclasts, osteoblasts, and
bone formation rate. These different histological features and the evidence that the skeletal
effects of glucocorticoid excess override those caused by sex steroid deficiency, fractures
are similarly prevalent in amenorrheic and eumenorrheic women with Cushing’s syndrome,
and parathyroid hormone levels are not increased by exogenous glucocorticoids indicates
that hypogonadism and secondary hyperparathyroidism are not part of the pathogenesis of
GIO (27–30).

The primary adverse effects of glucocorticoid excess on the skeleton are directly on the bone
cells as is evident from experiments in transgenic mice overexpressing 11β-HSD2, the
enzyme that inactivates glucocorticoids in a pre-receptor fashion (23–26). Mice harbouring
the transgene in osteoblast and osteocytes are protected from prednisolone-induced
apoptosis and decreased osteoblast number, osteoid production, and bone formation, but lost
bone since the osteoclasts were still exposed to the prednisolone. However, bone strength
was preserved in the transgenic animals in spite of the loss of bone, suggesting that
osteocyte viability independently contributes to bone strength (23). Using the same
approach, overexpression of 11β-HSD2 in osteoclasts preserved bone, but did not prevent
the prednisolone-induced decrease in osteoblast number, osteoid production, and bone
formation (26).
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Glucocorticoids reduce osteoblast differentiation by attenuating Akt (protein kinase B)
phosphorylation and increasing activation of the redox-sensitive forkhead box subgroup O
transcription factor family (FoxOs), which in turn inhibit wingless (Wnt)/β-catenin signaling
- a critical pathway for the generation of osteoblasts (31). Glucocorticoids also enhance the
expression of Dickkopf-1, an antagonist of the Wnt pathway and suppress bone
morphogenetic proteins, factors required to induce osteoblast differentiation (32). In
addition, glucocorticoids increase production of peroxisome proliferator-activated receptor
γ, a transcription factor that induces terminal adipocyte differentiation while suppressing
osteoblast differentiation, potentially contributing to increased marrow fat and reduced
osteoblasts (33).

In osteoblastic linage cells, glucocorticoids stimulate production of the receptor activator of
NF-κB ligand (RANKL), which is essential for the generation and survival of osteoclasts,
and reduce osteoblastic expression of osteoprotegerin (OPG), a decoy receptor for RANKL
(34). However, exogenous glucocorticoids may not alter RANKL or OPG mRNA levels in
vivo (26). Moreover, recent work indicates that RANKL produced by osteoblasts or their
progenitors does not contribute to bone remodelling in mature animals and that osteocytes
are the major RANKL producing cells that control osteoclast formation (35).

PATIENT EVALUATION
Physicians who prescribe glucocorticoids should educate their patients about side effects and
complications including osteoporosis and osteonecrosis, cataract and glaucoma,
hypokalemia, hyperglycemia, hypertension, hyperlipidemia, weight gain, fluid retention,
easy bruisability, susceptibility to infection, impaired healing, myopathy, adrenal
insufficiency and the steroid withdrawal syndrome. Patients receiving long-term
glucocorticoid therapy should carry a steroid therapy card or wear medication identification
jewelry. A document signed by the patient acknowledging disclosure of the possible side
effects should be placed in the patient’s chart (7,36) (Lists 2 and 3). Malpractice suits
precipitated by failure to document disclosure of the skeletal complications to patients are
not rare (7,37). In a review of the WESTLAW database from 1996 to 2008, avascular
necrosis was reported as a complication of glucocorticoid therapy in 39% and osteoporosis
and fractures in 12% of the litigation that went to court (8). In spite of this, the bone
complications are ignored by the majority of specialists who prescribe glucocorticoids,
possibly because of the physicians’ greater concern for other coexisting disorders, their
unfamiliarity with metabolic disorders of the skeleton, or lack of appreciation of the rapidity
of the substantial increase in risk of fracture (20).

Laboratory testing should include measurement of serum 25-hydroxyvitamin D (25OHD),
creatinine, and calcium (in addition to glucose, potassium, and lipids). It is particularly
important to check the 25OHD level before the administration of anti-resorptive agents to
avoid drug-induced hypocalcemia, especially as glucocorticoid use is independently
associated with low serum 25OHD and the chances of severe vitamin D deficiency with
levels less than 10 ng/mL in GIO are doubled (35). The association of glucocorticoid use
and vitamin D deficiency may be due to glucocorticoid-induced enhancement of 24-
hydroxylase transcription and increased inactivation of 25OHD or simply be a result of the
underlying disease, nutritional status, and limited solar exposure of the patients (38).
Adequate calcium and vitamin D supplementation should be recommended (7).

Bone turnover after long-term glucocorticoid therapy is low, so biochemical markers of
bone metabolism are not usually helpful. However, if biomarkers have been already
obtained and are elevated, another problem besides GIO may be present. Prevalent fractures,
vertebral morphological assessment from digital images obtained by X-ray absortiometry,
spinal radiographs, or loss of height may help identify patients at risk of additional fractures.
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BMD measurements are inadequate for identifying which patients are particularly at risk,
but BMD is useful in follow up after intervention as the values should not decrease if the
intervention was effective. The World Health Organization fracture prevention algorithm
(FRAX) underestimates the risk of glucocorticoid-induced fractures as the current dose,
cumulative dose, and duration of therapy are not entered into the calculation, the algorithm
uses femoral neck density values but vertebral fractures are more common than hip fractures
with glucocorticoid excess, and inclusion of the common risk factors for postmenopausal
osteoporosis in the algorithm may not be applicable to GIO (7).

TREATMENT
Bisphosphonates are considered first-line options for GIO due at least in part to the long
experience with these drugs in postmenopausal osteoporosis, their ease of use, and relatively
lower cost (Table 2) (7). Randomized, placebo-controlled trials have shown that
alendronate, risedronate, and zoledronic acid are effective for this indication and reduce the
risk of vertebral but not hip fractures (39–41). Nitrogen-containing bisphosphonates induce
apoptosis of osteoclasts and inhibit bone resorption (42), but glucocorticoids antagonize this
effect (43) and this may account for the limited ability of these antiresorptive agents to
protect BMD in GIO as compared to other forms of osteoporosis (38,44,45). In addition,
alendronate decreases glucocorticoid-induced osteocyte apoptosis (46), which may play a
role in the preservation of bone strength (25). The evidence for bisphosphonate treatment in
GIO is not as strong as that for postmenopausal osteoporosis because the primary end point
in the glucocorticoid treatment trials was BMD rather than fracture and glucocorticoids
induce a susceptibility to fracture independent of BMD. In addition, most studies were only
12 to 18 months in duration and insufficient numbers of patients were recruited to study hip
fractures. Side effects and disadvantages of bisphosphonate therapy are given in Table 2.

An advantage of oral bisphosphonates is that they can be stopped if glucocorticoids are
discontinued but compliance with oral therapy is poor. Yearly infusions of zoledronic acid
resolve this problem and provide rapid skeletal protection. If a patient presents for fracture
protection and glucocorticoid administration has already been continuous with more than 10
mg/day of prednisone for longer than 90 days, there may not be time to wait for the delayed
protective effects of oral bisphosphonates because of their average oral absorption of 0.7%,
weekly or monthly administration, and lower molar potency as compared with intravenous
zoledronic acid (47). For example, 63 mg of alendronate will be absorbed after 90 days of
treatment with 70 mg/wk as compared to 5 mg of zoledronic acid in 15 minutes but the
potency of alendronate is about 10-fold less than zoledronic acid. About 12-15% of patients
with GIO who are receiving their first infusion of zoledronic acid experience an acute phase
reaction within two to three days and lasting less than 3 days (41). The mild pyrexia,
musculoskeletal pains, and flu-like symptoms are effectively managed with acetaminophen
or ibuprofen and seldom occur with subsequent infusions. Substantial BMD loss occurs in
patients who discontinue bisphosphonates while receiving glucocorticoids, so the
recommended duration of therapy is typically at least as long as the steroids are prescribed
(48). However, studies to determine the optimal duration of anti-fracture intervention have
not been done. All the drugs used for the treatment of GIO require caution if the patient has
childbearing potential.

Bisphosphonates are associated with osteonecrosis of the jaw, a disorder characterized by
exposed maxillofacial bone for at least 8 weeks, typically diagnosed after a dental extraction
or other invasive procedure, and associated with poor dental hygiene and infection with
Actinomyces (49). The disorder occurs mainly in patients with osteolytic breast cancer or
multiple myeloma who receive frequent high-dose intravenous bisphosphonates in addition
to chemotherapy. In patients with osteoporosis treated with bisphosphonates, the risk of
osteonecrosis of the jaw is between 1 in 10,000 to 100,000 patient-years (49). Before
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prescribing bisphosphonates, the clinician should perform an oral examination and
encourage patients to be seen by a dentist. Bisphosphonates may also be associated with
atypical subtrochanteric or diaphyseal femoral fractures, but if so, the risk is about 2 per
10,000 patient years (50). Glucocorticoid use has been reported in bisphosphonate-treated
patients with osteonecrosis of the jaw and atypical femoral fractures but evidence for a
causal effect of the steroids is absent.

An alternative treatment for GIO is teriparatide, recombinant human parathyroid hormone
[1–34]. In an 18-month randomized, double-blind, controlled, head-to-head trial, teriparatide
increased spinal BMD faster and to a greater extent than alendronate and also reduced
vertebral fractures (0.6% vs. 6.1%, P=0.004) (51). Teriparatide represents a particularly
rational approach to GIO by counteracting several fundamental aspects of its
pathophysiology. The expected glucocorticoid-induced increase in osteoblast and osteocyte
apoptosis and decrease in osteoblast number, bone formation, and bone strength are
prevented by teriparatide. Decreased osteoblast apoptosis leads to an increase in bone
formation and decreased osteocyte apoptosis is associated with preservation of bone strength
(52). Furthermore, teriparatide abrogates the negative impact of glucocorticoids on Akt
activation and Wnt signaling. However, the anabolic effect of teriparatide is somewhat
compromised by high-dose glucocorticoid therapy (53). Dose and duration of glucocorticoid
treatment as well as host factors such as severity of the underlying illness, weight loss,
concurrent medications, renal function, and low insulin-like growth factor I levels may
contribute to the diminished efficacy of teriparatide in GIO compared with other forms of
osteoporosis (52). Disadvantages of teriparatide include the need for daily subcutaneous
injections, refrigeration, cost, side effects (headache, nausea, dizziness, leg cramps),
occasional mild hypercalcemia, and caution required in patients with nephrolithiasis or
elevated baseline levels of parathyroid hormone (Table 2) (54).

Another potential treatment option is denosumab, a humanized monoclonal antibody to
RANKL approved for the prevention of vertebral, nonvertebral, and hip fractures in women
with postmenopausal osteoporosis, but not as yet for GIO (55). In a randomized, double-
blind, placebo-controlled trial of denosumab in 61 patients with rheumatoid arthritis
receiving less than 15 mg/day of prednisone and methotrexate, BMD of the spine and hip
increased with denosumab to the same extent as in 88 patients receiving methotrexate and
denosumab alone (56). Furthermore, there was no difference in adverse effects as compared
with placebo and methotrexate. Denosumab may be considered for glucocorticoid-treated
patients with renal insufficiency and stable serum calcium levels who are not candidates for
bisphosphonates or teriparatide (Table 2). The ease of administration as a subcutaneous
injection every 6 months may increase compliance. In a murine model of glucocorticoid-
induced bone disease treated with osteoprotegerin, a decoy receptor for RANKL
representing a similar strategy in GIO as treatment with denosumab, bone strength and
osteocyte viability were protected and associated with preservation of the osteocyte-lacunar-
canalicular network (57).

In patients with GIO, incapacitating adjacent vertebral fractures have been reported days
after kyphoplasty, suggesting that great caution should be exercised before recommending
the procedure in these patients (58).

GLUCOCORTICOID-INDUCED OSTEONECROSIS
Aseptic, avascular or ischemic necrosis, and bone infarctions are other terms for
osteonecrosis. The most common joint involved is the hip and the most common cause of
the disorder is trauma. Glucocorticoids are the second most common cause (8). There are
many other etiologies in adults including alcohol, sickle cell disease, ionizing radiation,
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Gaucher’s disease, Caisson disease or decompression sickness, and idiopathic. However,
before concluding that any case of osteonecrosis is idiopathic, a thorough history for pain
shots is essential. A pain shot is a general term for a glucocorticoid, narcotic, non-steroidal
anti-inflammatory drug, or local anesthetic injection. If it was intra-articular or epidural,
glucocorticoid and/or local anesthetic injections were likely. The patient may have received
many of these injections but still deny the use of corticosteroids, cortisone, cortisol or
hydrocortisone (Cortef), prednisone (Deltasone), prednisolone, methyl prednisolone
(Medrol), or dexamethasone (Decadron or Dexasone).

RISK FACTORS
The incidence of glucocorticoid-induced osteonecrosis increases with higher doses and
prolonged treatment, although it may occur with short-term exposure to high doses, by
intraarticular injection, and without osteoporosis (List 4). In the WESTLAW database, oral
doses as low as 290 mg of prednisone and courses that lasted as short as 6 days were held
responsible for osteonecrosis (9). Many of these trials could have been avoided if informed
consent had been documented.

Intra-articular glucocorticoids may be particularly dangerous because the injection may
accelerate joint damage by alleviating pain, thus increasing weight bearing – a kind of
Charcot’s arthropathy, in addition to the direct adverse effects of the steroids on bone.
Osteonecrosis has been noted in just weeks to months after intra-articular injection of
cumulative doses of 80 to 160 mg of methylprednisolone (8).

PATHOGENESIS
Osteonecrosis has been postulated to be due to fat embolism, vascular thrombosis, and
fatigue fractures but recent attention is focused on the role of osteocyte apoptosis (7,8).
Abundant apoptotic osteocytes and lining cells are found juxtaposed to the subchondral
fracture crescent in femoral heads removed at surgery for glucocorticoid-induced
osteonecrosis (Fig. 2) (59). Glucocorticoid-induced osteocyte apoptosis, a cumulative and
irreparable defect, disrupts the mechanosensory function of the osteocyte-lacunar-
canalicular system and thus starts the inexorable sequence of events leading to collapse of
the joint.

EVALUATION
Persistent hip or shoulder pain, especially with joint movement, tenderness or reduced range
of motion, warrants magnetic resonance imaging because of the association of
glucocorticoid therapy with osteonecrosis (8). The pathognomonic, subchondral crescent
sign seen on radiographic examination may not be present in the early stages of
osteonecrosis and MRI can reveal extensive osteonecrosis before any change in the shape of
the femoral head or appearance of a fracture crescent on x-rays.

TREATMENT
For advanced disease with obliteration of the acetabular articular space and osteophyte
formation, total hip replacement is usually required. Osteonecrosis is the most common
cause of total hip replacement in young adults; but problems with infection, osteolysis,
dislocation and revisions are worse with hip replacement for glucocorticoid-induced
osteonecrosis than for osteoarthritis (8,37). Since these replacements have about a 10-year
lifespan, any delay in the need for surgery would be welcome. For these reasons, recent
evidence of the utility of bisphosphonates in the treatment of osteonecrosis is quite
promising.
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In a randomized, controlled, open-label trial, adults with osteonecrosis treated with
alendronate had significant retardation of femoral head collapse and reduced need for total
hip replacement compared to the control group over 24 months (60). Importantly, sustained
improvement in pain and ambulation was reported within months. In another study, a ten-
year follow-up of patients with early to moderately advanced osteonecrosis treated with
alendronate for only the first 3 years showed decreased use of analgesics, increased ability to
function as desired, and improvement in standing and ambulation time within months that
lasted up to ten years (61).

A recent report assessed the efficacy of treatment of very early stage osteonecrosis of the
femoral head with core decompression and autologous implantation of bone marrow-derived
and culture-expanded mesenchymal stem cells (62). Five years after the procedure, 4% of
the hips assigned to autologous implantation had deteriorated as compared to 23% of the
hips that received core decompression alone. However, this procedure is both complicated
and operatordependent and may not be widely reproducible. Furthermore, even without
surgical treatment, as many as 40% of small, medially located, early osteonecrotic lesions
may not progress (8).

AREAS OF UNCERTAINTY
Precise prediction of the risk of fracture is currently not possible in GIO and efforts to alert
physicians prescribing glucocorticoids to their responsibilities to prevent bone complications
have met with limited success. More data are needed to establish precise clinical thresholds
for intervention and develop strategies to convey this information to physicians and patients.
In addition, more research is required to ascertain the optimal duration of protective therapy,
best treatment of premenopausal women, and efficacy of long-term use of teriparatide (63).

KEY POINTS

• Glucocorticoids are the most common cause of secondary osteoporosis and
nontraumatic osteonecrosis.

• Adverse skeletal events are the most common glucocorticoid-related
complications associated with successful litigation.

• Disparity between bone quantity and quality in GIO makes ultrasound or BMD
measurements inadequate for identifying patients at risk of fracture.

• Continuous treatment with 10 mg/day of prednisone for more than 90 days has a
7-fold increase in hip fractures and a 17-fold increase in vertebral fractures.

• The adverse effects of glucocorticoids on the skeleton are due to direct actions
on bone cells.

• Laboratory testing should include measurement of serum 25-hydroxyvitamin D,
creatinine, and calcium (in addition to glucose, potassium, and lipids).

• The FRAX calculation underestimates fracture risk in GIO.

• Bisphosphonates are first-line options for GIO and may also be useful in
glucocorticoid-induced osteonecrosis.

• Teriparatide counteracts several fundamental aspects of the pathophysiology of
GIO.

• Denosumab is useful in patients with renal insufficiency and stable serum
calcium who are not candidates for bisphosphonates or teriparatide.
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• Do not wait. Start antifracture treatment at the onset of a course of
glucocorticoid therapy of more than 10 mg/day of prednisone expected to last
more than 90 days.

SUMMARY

• Glucocorticoid administration is the most common cause of secondary
osteoporosis and the leading cause of nontraumatic osteonecrosis.

• Patients are seldom warned about these side effects and as a result, adverse
skeletal events are the most common glucocorticoid-related complications
associated with successful litigation.

• Disparity between bone quantity and quality in GIO makes ultrasound or BMD
measurements inadequate for identifying patients at risk of glucocorticoid-
induced fractures.

• Continuous treatment with 10 mg/day of prednisone for more than 90 days is
associated with a 7-fold increase in hip fractures and a 17-fold increase in
vertebral fractures.

• The adverse effects of glucocorticoids on the skeleton are primarily due to direct
actions on osteoblasts and osteoclasts, decreasing the production of both
osteoblasts and osteoclasts and increasing the apoptosis of osteoblasts while
prolonging the lifespan of osteoclasts. Increased osteocyte apoptosis also occurs
and is associated with decreases in VEGF, skeletal angiogenesis, bone
interstitial fluid, and bone strength.

• Laboratory testing should include measurement of serum 25OHD, creatinine,
and calcium (in addition to glucose, potassium, and lipids).

• The World Health Organization fracture prevention algorithm (FRAX)
underestimates the risk of glucocorticoid-induced fractures.

• Bisphosphonates are considered first-line options for GIO and may also
decrease pain, delay lesion expansion, and reduce the need for surgery in
glucocorticoid-induced osteonecrosis.

• Teriparatide represents a particularly rational approach to GIO by counteracting
several fundamental aspects of its pathophysiology.

• Denosumab may be considered for glucocorticoid-treated patients with renal
insufficiency and stable serum calcium levels who are not candidates for
bisphosphonates or teriparatide.

• Do not wait. Start antifracture treatment at the onset of a course of
glucocorticoid therapy utilizing more than 10 mg/day of prednisone and
expected to last more than 90 days.
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Figure 1.
Glucocorticoid Excess Causes Osteoporosis and Osteonecrosis by Direct Effects on Bone
Cells.
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Figure 2.
Osteocyte Apoptosis in Glucocorticoid-Induced Osteonecrosis of the Hip. Femoral head
specimen taken from a patient with glucocorticoid-induced osteonecrosis during hip
replacement. Apoptotic osteocytes (arrows) and lining cells (arrowheads) are stained brown
by in situ end labeling (x200).
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Table 1

Risk Factors for Glucocorticoid-Induced Osteoporosis.

Risk Factor Explanation

Advancing age Elderly patients receiving glucocorticoid therapy have a 26-
   fold higher risk of vertebral fractures than younger
   patients and a shorter interval between initiation of
   treatment and the occurrence of fracture (14)

Low body mass index Significant risk factor for GIO and probably fractures as well
   (13).

Underlying disease Rheumatoid arthritis, polymyalgia rheumatica, inflammatory
   bowel disease, chronic pulmonary disease, and
    transplantation are independent risk factors (7)

Family history of hip fracture,
prevalent fractures, smoking,
excessive alcohol consumption,
frequent falls.

All are independent risk factors for osteoporosis but have not
   been well studied in patients receiving glucocorticoids.

Glucocorticoid receptor genotype Individual glucocorticoid sensitivity may be regulated by
   polymorphisms in the glucocorticoid receptor gene (16).

11β-HSD isoenzymes 11β-HSD1 expression increases with aging and
   glucocorticoid administration and thereby enhances
   glucocorticoid activation (17)

Glucocorticoid dose (peak,
current, or cumulative, duration
of therapy, interval)

There may be no safe dose, although this is somewhat
   controversial. However, the risk of fracture unarguably
   escalates with increased doses and duration of therapy.
   Alternate day or inhalation therapy does not spare the
   skeleton (7,15).

LowBMD Glucocorticoid-induced fractures occur independently of a
   decline in bone mass but patients with very low bone
   density may be at higher risk (7,13).

11β-HSD, 11β-hydroxysteroid dehydrogenase; BMD, bone mineral density.
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Table 2

Treatment of Glucocorticoid-Induced Osteoporosis.

Intervention Advantages Disadvantages

Alendronate (oral;
10 mg/d or 70
mg/wk), risedronate
(5 mg/d or 35
mg/wk)

Osteoclast inhibition reduces
   bone loss. Alendronate also
   prevents glucocorticoid-
   induced osteocyte apoptosis.
   If glucocorticoids are
   discontinued, these drugs can
   be stopped.

Antiresorptive agents do not directly
   address the decreased bone
   formation characteristic of
   glucocorticoid-induced bone
   disease. Additional problems
   include gastrointestinal side
   effects, rare uveitis, poor
   compliance with oral therapy, and
   the time required to obtain skeletal
   protection. Avoid in patients with
   a creatinine clearance less than 30
   mL/min.

Zoledronic acid (5
mg IV/yr)

Osteoclast inhibition reduces
   bone loss. Increased
   compliance compared with
   oral treatment and rapid onset
   of skeletal effects.
   Gastrointestinal side effects
   are unlikely.

Does not address the reduced bone
   formation caused by glucocorticoid
   excess. Avoid in patients with a
   creatinine clearance less than 30
   mL/min.

Teriparatide (20 µg
subcut/d)

Directly addresses the
   pathogenesis of GIO.
   Reduces vertebral fractures.

Cost, daily injections are required,
   reduced response with high dose
   glucocorticoids. Not studied in
   patients with elevated parathyroid
   hormone levels. Adverse effects:
   mild hypercalcemia, headache,
   nausea, leg cramps, dizziness.
   Caution with pre-existing
   nephrolithiasis. Check serum
   calcium at least once ≥16 hours
   after injection and adjust oral
   calcium intake as needed (54).

Denosumab (60 mg
subcut every 6 mo)

Potent inhibitor of osteoclasts
   with ease of administration.
   Can be stopped if
   glucocorticoids are
   discontinued. Useful in renal
   insufficiency.

Does not address the reduced bone
   formation caused by glucocorticoid
   excess. Not yet approved for GIO.

Vertebroplasty,
kyphoplasty

Commonly used to treat recent
   painful vertebral fractures.

Beneficial effects similar to sham
   procedures. Dangers of cement
   leakage. Increased incidence of
   additional fractures in patients
   receiving glucocorticoids (58).
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List 1

Fundamental Histological Features of Glucocorticoid-Induced Osteoporosis

Cancellous Bone

Marked reduction in bone area with decreased trabecular width

Diminished wall width

Decreased osteoid area

Decreased numbers of osteoblasts

Increased prevalence of osteoblast and osteocyte apoptosis

Normal or slightly increased numbers of osteoclasts

Prolongation of the reversal phase

Decreased rate of bone formation

Decreased bone blood supply and interstitial fluid

Cortical Bone

Increased cortical porosity

Increased prevalence of osteocyte apoptosis

Decreased rate of bone formation
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List 2

Evaluation of the Patient About to Receive Glucocorticoids

Explain the rationale behind the use of glucocorticoids, expected benefits, and alternatives

Use the lowest possible dose and shortest possible course of treatment

Inform patient of the side effects of glucocorticoid therapy

Document informed consent of the patient

Recommend a steroid identification card and medication identification jewelry

Measure:

25-hydroxyvitamin D

Creatinine

Calcium

Glucose, potassium, and lipids

Obtain baseline height, vertebral morphological assessment, and bone mineral density
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List 3

Information for Patients About to Receive Glucocorticoids

Under certain circumstances, serious medical problems must be treated with potent medications
that are intended to improve the patient’s condition but have the potential for severe side effects.
Your doctor has decided that the risk of allowing your present illness to progress without
glucocorticoid treatment outweighs the risk of the possible side effects. There are several similar
glucocorticoid medications produced by different manufactures under many different names.
The most common names are corticosteroids, cortisone, cortisol or hydrocortisone (Cortef),
prednisone (Deltasone), prednisolone, methyl prednisolone (Medrol), and dexamethasone
(Decadron or Dexasone). While receiving glucocorticoids, medication identification jewelry and
carrying a card listing all your medications is recommended.

The following side effects are quite common and are seen in most individuals who receive these
drugs for more than a few days:

1 Fluid retention and weight gain

2 Increased appetite

3 Fullness of the face

4 Easy bruisability

Other less common side effects may occur after longer periods of drug administration:

1 Osteoporosis and fractures

2 Collapse of large joints such as the hip, shoulder, knee or ankle

3 Loss of potassium

4 Increased blood glucose or loss of control of diabetes

5 Increased cholesterol and triglycerides

6 Glaucoma and cataracts

7 Delicate skin with impaired wound healing, stretch marks, discoloration, and acne

8 Increased susceptibility to infection, especially fungal infections

9 Fluid retention and congestive heart failure

10 Increased blood pressure

11 Muscle weakness

12 Indigestion and heartburn, abdominal pain, bloody or tarry stools

13 Insomnia

14 Increased sweating

15 Headache or dizziness

16 Memory problems, difficulty concentrating, depression, mood swings

17 Adrenal insufficiency and glucocorticoid withdrawal symptoms

This list is not all-inclusive. Patients receiving glucocorticoids should never adjust or stop the
medication without consulting a physician. Your physician will discuss these side effects with
you. By signing this document, I acknowledge that I have been informed of the reason for the
use of glucocorticoid medication, the alternative treatments, if any, as well as the potential
benefits and risks that are involved. I have read the above statements and have been able to ask
questions and express concerns, which have been satisfactorily responded to by my physician. I
have been given a copy of this consent form.

Patient’s signature_____________________ Witness___________________________

Physician’s signature___________________ Date_____________________________
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List 4

Risk Factors for Glucocorticoid-Induced Osteonecrosis

Risk Factors

Dose and duration of therapy

Intra-articular administration

Polymorphisms in VEGF, GR, 11β-HSD2, COL2A1, PAI1, P-glycoprotein

Underlying disorders: renal insufficiency, transplantation, graft vs. host disease,
   inflammatory bowel disease, HIV, acute lymphoblastic leukemia

Dexamethasone causes greater skeletal complications than prednisone

VEGF, vascular endothelial growth factor; GR, glucocorticoid receptor; 11β-HSD2, 11β-hydroxysteroid dehydrogenase type2; COL2A1, collagen
type II; PA1, plasminogen activator inhibitor 1; and HIV, human immunodeficiency virus.
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