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A 55-year-old woman with severe, persistent asthma requiring glucocorticoid thera-
py for the past 3 months presents for care. Her medications include albuterol, inhaled 
fluticasone with salmeterol, montelukast, and prednisone (at a dose of 10 mg per 
day). In the past, she received several intermittent courses of prednisone at a dose of 
15 mg or more per day. Her weight is 45.5 kg (100 lb), and her height 157.5 cm (62 in.); 
the body-mass index (the weight in kilograms divided by the square of the height in 
meters) is 18. Scattered wheezing is heard during expiration. Findings on vertebral 
percussion and rib-cage compression are unremarkable. How should her case be 
evaluated and managed to minimize the risk of fractures?

The Clinic a l Problem

Glucocorticoid therapy is the most common cause of secondary osteoporosis and the 
leading iatrogenic cause of the disease.1-3 Often, the presenting manifestation is 
fracture, which occurs in 30 to 50% of patients receiving long-term glucocorticoid 
therapy.4 Glucocorticoid-induced osteoporosis predominantly affects regions of the 
skeleton that have abundant cancellous bone, such as the lumbar spine and proximal 
femur. In patients with glucocorticoid-induced osteoporosis, the loss of bone min-
eral density is biphasic; it occurs rapidly (6 to 12% loss) within the first year and 
more slowly (approximately 3% loss yearly) thereafter.5 However, the risk of fracture 
escalates by as much as 75% within the first 3 months after the initiation of therapy, 
typically before there is a substantial decline in bone mineral density, suggesting 
that there are adverse effects of glucocorticoids on bone that are not captured by 
bone densitometry.6 Several large case–control studies have shown strong associa-
tions between exposure to glucocorticoids and the risk of fractures.4,6,7 An increase 
in the risk of vertebral and hip fractures occurs rapidly after the start of treatment 
and has been reported to occur with doses as small as 2.5 to 7.5 mg of prednisolone 
per day (equivalent to 3.1 to 9.3 mg of prednisone per day). In a cohort study involv-
ing patients 18 to 64 years of age, continuous treatment with 10 mg of prednisone 
per day for more than 90 days, for a variety of indications, as compared with no ex-
posure to glucocorticoids, was associated with an increase in hip fractures by a fac-
tor of 7 and an increase in vertebral fractures by a factor of 17.7 Furthermore, an 
increase in the risk of fractures has been reported with the use of inhaled glucocor-
ticoids, as well as with alternate-day and intermittent oral regimens.3

Risk Factors

Risk factors associated with glucocorticoid-induced osteoporosis are listed in Table 1. 
One factor whose importance has been recognized in the past decade is the activity 
of the 11β-hydroxysteroid dehydrogenase (11β-HSD) system, a prereceptor modula-
tor of glucocorticoid action.11 Two isoenzymes, 11β-HSD1 and 11β-HSD2, catalyze 
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conversion between hormonally active glucocorti-
coids (e.g., cortisol or prednisolone) and inactive 
glucocorticoids (e.g., cortisone or prednisone). 
The 11β-HSD1 enzyme is an activator, and the 
11β-HSD2 enzyme is an inactivator. The increased 
risk of fracture with glucocorticoid administra-
tion in the elderly may be explained in part by the 
increase in 11β-HSD1 that occurs with aging. The 
risk of glucocorticoid-induced osteoporosis appears 
to be similar in men and women and among var-
ious ethnic groups.13

Pathogenesis

Histomorphometric studies in patients with gluco-
corticoid-induced osteoporosis consistently show 
fewer osteoblasts and an increased prevalence of 
osteocyte apoptosis, as compared with normal con-
trols1,3,4,14,15 (Fig. 1). The increased osteocyte apop-
tosis is associated with decreases in vascular en-
dothelial growth factor, skeletal angiogenesis, bone 
interstitial fluid, and bone strength.16 Thus, glu-
cocorticoid-induced apoptosis of osteocytes could 
account for the loss of bone strength that occurs 
before the loss of bone mineral density17 and the 
observed mismatch between bone mineral density 

and the risk of fracture in patients with glucocor-
ticoid-induced osteoporosis.3,4 Gluco corticoid ex-
cess also directly reduces osteoclast production, 
but the lifespan of osteoclasts is prolonged, in 
contrast to the decrease in the lifespan of osteo-
blasts. Therefore, with long-term therapy, the num-
ber of osteoclasts is usually maintained in the 
normal range, whereas the number of osteoblasts 
plummets and bone formation is substantially re-
duced.14,18 These histologic features contrast with 
the increased bone formation and resorption that 
are typical of postmenopausal osteoporosis or in-
creased parathyroid hormone secretion and indi-
cate that, contrary to previous assumptions, hypo-
gonadism and secondary hyperparathyroidism are 
not central to the pathogenesis of glucocorticoid-
induced osteoporosis.19-22

S tr ategies a nd E v idence

Evaluation

Physicians who prescribe glucocorticoids should 
educate their patients about side effects and com-
plications, including not only osteoporosis and 
osteonecrosis but also cataracts and glaucoma, 

Table 1. Risk Factors for Glucocorticoid-Induced Osteoporosis.*

Risk Factor Evidence of a Contribution

Advanced age Patients 60 to 80 years of age receiving glucocorticoid therapy, as compared 
with patients 18 to 31 years of age, had a relative risk of vertebral fracture 
of 26 and a shorter interval between initiation of treatment and the occur-
rence of fracture8

Low body-mass index (<24)† Low body-mass index is a risk factor for glucocorticoid-induced osteoporosis 
and probably fractures as well9

Underlying disease Rheumatoid arthritis, polymyalgia rheumatica, inflammatory bowel disease, 
chronic pulmonary disease, and transplantation are independent risk factors4

Prevalent fractures, smoking, excessive 
alcohol consumption, frequent 
falls, family history of hip fracture

All are independent risk factors for osteoporosis but have not been exten-
sively studied in patients receiving glucocorticoids

Glucocorticoid receptor genotype Individual glucocorticoid sensitivity may be regulated by polymorphisms in 
the glucocorticoid receptor gene10

Increased 11β-HSD1 expression 11β-HSD1 expression increases with the age of the patient and with gluco-
corticoid administration11

High glucocorticoid dose (high current 
or cumulative dose; long duration 
of therapy)

Risk of fracture escalates with increased doses and duration of therapy; 
 alternate-day or inhaled therapies also confer risks of glucocorticoid- 
induced osteoporosis4,12

Low bone mineral density Glucocorticoid-induced fractures occur independently of a decline in bone mass, 
but patients with very low bone mineral density may be at higher risk4,8

* 11β-HSD1 denotes 11β-hydroxysteroid dehydrogenase 1.
† The body-mass index is the weight in kilograms divided by the square of the height in meters.
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hypokalemia, hyperglycemia, hypertension, hyper-
lipidemia, weight gain, fluid retention, suscepti-
bility to bruising, decreased resistance to infection, 
impaired healing, myopathy, adrenal insufficiency, 
and the glucocorticoid withdrawal syndrome.3 Pa-
tients receiving long-term glucocorticoid therapy 
should wear medication identification jewelry. 
Malpractice suits precipitated by a failure of phy-
sicians to document disclosure of the skeletal 
complications to patients are not rare,23 yet these 
complications are often ignored in clinicians’ 
discussions with patients about the use of gluco-
corticoids.13

Measurement of the patient’s height is impor-
tant, since loss of height suggests the possibility 
of prevalent vertebral fractures, with an associated 

increase in the risk of future fractures. Laboratory 
testing that should be performed before treatment 
is prescribed includes measurements of serum 
25-hydroxyvitamin D, creatinine, and calcium lev-
els (in addition to glucose, potassium, and lipid 
levels). Since bone turnover after long-term gluco-
corticoid therapy is low, tests of biochemical 
markers of bone metabolism are usually not help-
ful.4,24-27 Measurement of bone mineral density 
and vertebral morphologic assessment or plain 
films are often recommended to assess the patient 
for vertebral fractures, but the disparity between 
bone quantity and bone quality in glucocorticoid-
induced osteoporosis makes measurements of bone 
mineral density insensitive for identifying patients 
at risk.2 However, measurements of bone mineral 
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Figure 1. Direct Effects of Glucocorticoids on Bone Cells.

Shown are the adverse skeletal changes that result from an excess of glucocorticoids and lead to osteoporosis and 
osteonecrosis. The brown, condensed cells are apoptotic osteoblasts and osteocytes. Apoptotic osteocytes disrupt 
the osteocyte–lacunar–canalicular network.
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density may be useful for follow-up assessments 
after an intervention. The use of the World Health 
Organization fracture prevention algorithm (FRAX) 
is not recommended in the case of patients with 
glucocorticoid-induced osteoporosis, since it does 
not take into account the current and cumula-
tive dose of glucocorticoids and the duration of 
therapy and underestimates the risk of gluco-
corticoid-induced fractures. Furthermore, bone 
mineral density at the femoral neck is used in the 
algorithm, but vertebral fractures are more com-
mon than hip fractures in patients with gluco-
corticoid-induced osteoporosis, and the inclusion 
of the common risk factors for postmenopausal 
osteoporosis in the algorithm may not be applica-
ble to patients with glucocorticoid-induced osteo-
porosis.24

In patients treated with glucocorticoids who 
report persistent hip, knee, or shoulder pain, 
especially pain that occurs with joint movement 
or that is associated with tenderness or reduced 
range of motion, magnetic resonance imaging 
should be performed to rule out osteonecrosis.23

The incidence of osteonecrosis among patients 
who take glucocorticoids has been estimated to 
be between 5 and 40%; higher doses of glucocor-
ticoids and prolonged treatment are associated 
with greater risk, although osteonecrosis may also 
occur with short-term exposure to high doses, 
including those administered intraarticularly (typ-
ically 40 to 80 mg of methylprednisolone) and in 
the absence of osteoporosis. The mechanisms that 
have been postulated for the development of osteo-
necrosis include fat embolism, vascular thrombo-
sis, and osteocyte apoptosis.28,29

Treatment

All patients should receive adequate calcium sup-
plementation (1200 mg per day in divided doses) 
and adequate vitamin D supplementation (800 to 
2000 U per day), but these precautions alone are 
not sufficient to prevent fractures.4,24-27 Bisphos-
phonates are considered to be the first-line op-
tions for the treatment of glucocorticoid-induced 
osteoporosis (Table 2)4; alendronate, risedronate, 
and zoledronic acid are approved by the Food and 
Drug Administration (FDA) for this indication, al-
though there is controversy regarding the doses 
and duration of glucocorticoid treatment that ne-
cessitate intervention to reduce the risk of frac-
tures. In randomized, double-blind, placebo-con-
trolled trials, including patients with a variety of 
underlying diseases and irrespective of bone min-

eral density, alendronate and risedronate increased 
bone mineral density at the lumbar spine and 
femoral neck and reduced the relative risk of glu-
cocorticoid-induced vertebral fractures by about 
40%4,27,32,33; patients in these trials typically had 
been taking 10 to 20 mg of prednisone daily or the 
equivalent for at least 1 year before enrollment, 
although the dose range and the duration of treat-
ment varied widely. In another randomized trial 
involving patients treated with glucocorticoids, 
zoledronic acid was noninferior to risedronate in 
increasing bone mineral density at the lumbar 
spine.30

Alendronate decreases glucocorticoid-induced 
apoptosis of osteocytes,34 which may play a role 
in the preservation of bone strength.17 However, 
glucocorticoids antagonize the effects of nitrogen-
containing bisphosphonates in inducing apoptosis 
of osteoclasts and inhibiting bone resorption.35,36

Perhaps as a consequence, bisphosphonates ap-
pear to be less effective in the protection of bone 
mineral density in patients with glucocorticoid-
induced osteoporosis than they are in patients 
with other forms of osteoporosis. The average 
percentage increase in bone mineral density at 
the lumbar spine and femoral neck in patients 
with glucocorticoid-induced osteoporosis after 
treatment with alendronate at a dose of 10 mg per 
day for 2 years was 3.9% and 0.6%, respectively 
— considerably less than that reported in women 
with postmenopausal osteoporosis (about 7% and 
3.6%, respectively) or in men with osteoporosis 
(7% and 2.5%, respectively), even though the latter 
two groups were, on average, 10 years older than 
the patients with glucocorticoid-induced osteo-
porosis.32,37,38 Moreover, the evidence to support 
the use of bisphosphonates in the treatment of 
patients with glucocorticoid-induced osteoporosis 
is not as strong as the evidence for their use in the 
treatment of patients with postmenopausal osteo-
porosis; the primary end point in the trials of 
glucocorticoid treatment was bone mineral den-
sity rather than the occurrence of fractures, and 
most trials were only 12 to 24 months in duration 
and were not powered to study hip fractures.

A limitation of oral bisphosphonate therapy is 
poor adherence to treatment — a well-recognized 
problem even in the case of agents that are ad-
ministered weekly or monthly. Administration of 
zoledronic acid as a once-yearly infusion avoids 
this problem and provides rapid skeletal protec-
tion. For protection from fractures in patients 
who have received prolonged glucocorticoid ther-
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apy (e.g., 10 mg per day or more of prednisone 
for longer than 90 days), intravenous bisphospho-
nate therapy may be preferable to oral therapy. On 
the basis of estimates that the maximal absorp-
tion of alendronate when it is taken orally on an 
empty stomach is about 0.7% and that the molar 
potency of alendronate is lower than that of intra-
venous zoledronic acid by a factor of 10, it is esti-
mated that a patient would need 90 days of treat-
ment with alendronate at a dose of 70 mg per 
week to receive a dose equivalent to 5 mg of zole-
dronic acid delivered in 15 minutes,39 although 
these regimens have not been compared with 
respect to rates of fracture in patients with gluco-
corticoid-induced osteoporosis. Since substantial 
loss of bone mineral density has been observed in 
patients who discontinue bisphosphonate therapy 
while continuing to take glucocorticoids, it is usu-
ally recommended that bisphosphonate therapy be 

continued for at least as long as the glucocorti-
coids are prescribed3,4,27,40; drug holidays are not 
considered to be appropriate for patients who are 
being treated with glucocorticoids.

In a 2-year, randomized, controlled, open-label 
trial involving patients with osteonecrosis of the 
femoral head, patients who received alendronate 
therapy, as compared with those who received no 
treatment, had decreased pain and delayed expan-
sion of lesions and were less likely to need sur-
gery.41 A prospective, observational study showed 
that patients with osteonecrosis had a sustained 
reduction in pain and improvement in ambulation 
within months after the initiation of alendronate 
therapy.42 In both studies, the most common cause 
of osteonecrosis was the use of glucocorticoids.

Although bisphosphonates are useful in treat-
ing osteonecrosis of the hip, these drugs are 
associated with the development of osteonecro-

Table 2. Treatment of Glucocorticoid-Induced Osteoporosis.*

Intervention Advantages Disadvantages

Bisphosphonates

Alendronate, 10 mg/
day or 70 mg/wk, 
taken orally 

Osteoclast inhibition reduces bone loss and re-
duces vertebral fractures in patients with glu-
cocorticoid-induced osteoporosis; alendro-
nate also prevents glucocorticoid-induced 
osteocyte apoptosis; if glucocorticoid therapy 
is discontinued, these drugs can be stopped

Antiresorptive agents do not directly address the de-
creased bone formation that is characteristic of gluco-
corticoid-induced bone disease and have not been 
shown to reduce hip fractures; gastrointestinal side 
 effects may occur; musculoskeletal discomfort, osteo-
necrosis of the jaw, uveitis, and atypical femoral frac-
tures have occurred in rare cases; bisphosphonates 
should be avoided in patients with creatinine clear-
ance of ≤30 ml/min; patients have poor adherence to 
oral therapy; as compared with intravenous therapy, a 
longer time is required to obtain skeletal protection

Risedronate, 5 mg/day 
or 35 mg/wk, taken 
orally

Zoledronic acid, 5 mg/yr, 
given intravenously

Osteoclast inhibition reduces bone loss; as 
compared with oral treatment, there is in-
creased adherence to intravenous treatment 
and more rapid onset of skeletal effects; 
gastrointestinal side effects are unlikely

Acute-phase reaction (influenza-like syndrome) may occur 
within 2 to 3 days and last 3 days or less, particularly 
after first dose,30 but can be effectively managed with 
acetaminophen or ibuprofen

Teriparatide, 20 µg/day, 
given subcutaneously, 
for 2 years, followed by 
bisphosphonate treat-
ment for as long as 
 glucocorticoids are 
 required

Teriparatide directly addresses the increase in 
osteoblast and osteocyte apoptosis and the 
decrease in osteoblast number, bone for-
mation, and bone strength that are charac-
teristic of glucocorticoid-induced osteo-
porosis and reduces vertebral fractures

Costs are greater than with oral or intravenous bisphos-
phonates; daily injections are required; response is re-
duced when teriparatide is given with high-dose gluco-
corticoids; it has not been studied in patients with ele-
vated parathyroid hormone levels; adverse effects in-
clude mild hypercalcemia, headache, nausea, leg 
cramps, and dizziness; caution must be taken in pa-
tients with preexisting nephrolithiasis; serum calcium 
should be checked at least once 16 hours or more after 
injection and oral calcium intake adjusted as needed31

Denosumab, 60 mg every 
6 mo, subcutaneously

Denosumab is a potent inhibitor of osteo-
clasts, with ease of administration; it can 
be stopped if glucocorticoids are discon-
tinued; it can be used in patients with cre-
atinine clearance of ≤30 ml/min

Denosumab does not address the reduced bone forma-
tion caused by glucocorticoid excess; hypocalcemia 
and vitamin D deficiency must be treated before the 
use of denosumab

* Alendronate, risedronate, zoledronic acid, and teriparatide have been approved by the Food and Drug Administration for the treatment of gluco-
corticoid-induced osteoporosis. In Europe, only once-daily oral bisphosphonate regimens, zoledronic acid, and teriparatide are approved for the 
treatment of glucocorticoid-induced osteoporosis.
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sis of the jaw.43 Osteonecrosis of the jaw is char-
acterized by exposed maxillofacial bone for at 
least 8 weeks and typically occurs after a dental 
extraction or other invasive procedure.43 Most re-
ported cases of osteonecrosis of the jaw have oc-
curred in patients with osteolytic breast cancer 
or multiple myeloma who have received frequent, 
high doses of intravenous bisphosphonates. In pa-
tients with osteoporosis treated with bisphospho-
nates, the estimated risk of osteonecrosis of the 
jaw is 1 case per 10,000 to 100,000 patient-years.43 
Before prescribing bisphosphonates, the clinician 
should perform an oral examination and encourage 
the patient to be examined by a dentist. Concur-
rent use of bisphosphonates and glucocorticoids 
may slightly increase the risk of osteonecrosis of 
the jaw. Bisphosphonates may also be associated 
with atypical subtrochanteric femoral fractures, 
but if there is an association, the risk is low (about 
2 cases per 10,000 patient-years).44

An alternative to bisphosphonates is teripara-
tide, recombinant human parathyroid hormone 
1-34, which is approved by the FDA for the treat-
ment of glucocorticoid-induced osteoporosis. In 
an 18-month, randomized, double-blind trial com-
paring teriparatide with alendronate in patients 
with glucocorticoid-induced osteoporosis, teripar-
atide increased spinal bone mineral density over 
a shorter period and to a greater extent than did 
alendronate and also reduced vertebral fractures 
by 90%.45 Daily subcutaneous administration of 
parathyroid hormone prevents the expected gluco-
corticoid-induced increase in osteoblast and osteo-
cyte apoptosis and decrease in osteoblast number, 
bone formation, and bone strength.46 However, the 
effect of teriparatide is somewhat compromised 
by high-dose glucocorticoid therapy47; a lesser in-
crease in bone mineral density at the lumbar spine 
has been noted in patients taking more than 15 mg 
of prednisone per day, as compared with those tak-
ing less than 5 mg per day. In addition, host factors 
(e.g., the underlying illness and associated weight 
loss, medications, reduced renal function, and low 
levels of insulin-like growth factor I) may con-
tribute to the diminished efficacy of teriparatide 
in patients with glucocorticoid-induced osteopo-
rosis, as compared with patients who have other 
forms of osteoporosis.46 Disadvantages of teri par-
atide include the cost and the risk of mild hyper-
calcemia (Table 2).31

Another potential treatment option is denos-
umab, a humanized monoclonal antibody to the 
receptor activator of nuclear factor-κB ligand 

(RANKL), which is approved by the FDA for the 
prevention of vertebral, nonvertebral, and hip frac-
tures in women with postmenopausal osteopo-
rosis but is not currently approved for the treat-
ment of glucocorticoid-induced osteoporosis.48 
Administered as a subcutaneous injection every 
6 months, denosumab rapidly decreases bone re-
sorption. In a subgroup analysis of a 12-month, 
randomized, placebo-controlled trial of denosu-
mab in patients receiving methotrexate treatment 
for rheumatoid arthritis, patients receiving denos-
umab, prednisone (≤15 mg per day), and metho-
trexate had increases in bone mineral density at 
the lumbar spine and total hip that were similar 
to those in patients receiving methotrexate and 
denosumab alone, and the rate of side effects 
was similar in these groups.49 Denosumab may 
have a role in treating patients taking glucocor-
ticoids who have stable serum calcium levels and 
who are not candidates for bisphosphonate or 
teriparatide therapy because of side effects or a 
history of renal insufficiency, although, as with 
other agents, more data are needed regarding 
the effect of denosumab on the risk of fracture.

Vertebroplasty and kyphoplasty are sometimes 
performed to treat painful vertebral fractures, but 
in controlled trials, these procedures have not been 
found to be superior to sham procedures, and the 
risks include leakage of the cement and an increase 
in the risk of additional fractures in patients re-
ceiving glucocorticoids.50

A r e a s of Uncerta in t y

More data are needed to predict the risk of frac-
tures among patients taking glucocorticoids and 
to establish clinical thresholds for intervention.2 
Effective strategies are required to educate physi-
cians about the importance of counseling pa-
tients who are receiving long-term glucocorticoid 
therapy regarding the risk of fractures. Additional 
studies are needed to determine the minimum dose 
of glucocorticoids and duration of therapy that 
warrant interventions to prevent fractures and to 
better understand the ways in which other risk fac-
tors for bone loss should guide decisions regard-
ing therapy. Some clinicians prescribe drugs for 
the prevention of fractures for virtually every pa-
tient who requires glucocorticoid therapy and dis-
continue these drugs only when the glucocorti-
coids are discontinued, but the benefits, risks, and 
cost-effectiveness of this strategy, as compared 
with a more selective approach to the initiation of 
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pharmacotherapy, have not been assessed. There 
is no evidence that medication to prevent fractures 
is needed with occasional dose-pack prescriptions, 
annual short-term (e.g., 7 to 10 days) high-dose 
intravenous or oral therapy (<1 g of cumulative 
exposure), or replacement therapy for patients with 
hypopituitarism, adrenal insufficiency, or congen-
ital adrenal hyperplasia, provided that the replace-
ment doses are not excessive.

Guidelines

Guidelines from the American College of Rheuma-
tology, the National Osteoporosis Foundation, the 
Royal College of Physicians, and the Belgium Bone 
Club vary somewhat in their recommendations 
(Table 3).24-27 The well-recognized early increase 
in the risk of fracture associated with the use of 
glucocorticoids, the lack of certainty with respect 
to a known minimum dose and duration of gluco-
corticoid therapy that does not increase the risk 
of fracture, and available trials showing increased 
bone density (and in some cases reductions in 

the rate of vertebral fracture) with antiresorptive 
therapy in patients taking prolonged courses of 
glucocorticoids (mostly at doses greater than 10 
to 20 mg of prednisone per day) serve as the ba-
sis of the recommendations. However, high-qual-
ity data are lacking to determine the precise risk 
of fractures associated with doses of prednisone 
that are less than 5 to 7.5 mg daily or with inter-
mittent regimens of glucocorticoids, as well as 
the appropriate care of patients who are taking 
these regimens.

Conclusions a nd 
R ecommendations

The woman described in the vignette, who is 
slender, has been taking prednisone at a dose of 
10 mg daily for 3 months, and previously re-
ceived higher doses of glucocorticoids, is at con-
siderable risk for glucocorticoid-induced osteo-
porosis. Other asthma therapies should be used 
as efficiently as possible in an effort to taper the 
prednisone. The assessment should include a mea-

Table 3. Guidelines for Management of Glucocorticoid-Induced Osteoporosis.*

Variable
American College of 

 Rheumatology24
National Osteoporosis 

Foundation25
Royal College of 

 Physicians of London26 Belgian Bone Club27

Dose and duration of 
glucocorticoid 
treatment warrant-
ing pharmacologic 
intervention†

≥7.5 mg/day for at least 
3 months, but patients 
at increased risk require 
treatment with any dose 
or duration

≥5 mg/day for at least 
3 months

Any oral dose for at least 
3 months in patients 
≥65 years of age and 
those with a prior fra-
gility fracture

≥9.3 mg/day for at least 
3 months

BMD threshold for 
treatment if dose 
and duration  
qualify

Threshold to be based on 
the FRAX algorithm in 
addition to “higher daily 
and cumulative dose, 
 intravenous usage, and 
declining BMD”

T score, −2.5, unless 
patient is at high 
risk on the basis of 
a modified FRAX 
model

T score, −1.5 T score, −1.0 to −1.5

Yearly BMD testing 
recommended Yes Yes Yes Yes

Prevalent vertebral 
fractures as justifi-
cation for pharma-
cologic interven-
tion

Yes Yes Yes Yes

Calcium and vitamin D 
supplementation

1200–1500 mg of calcium 
per day and 800–1000 
units of vitamin D per 
day for all patients‡

1200 mg of calcium per 
day and 2000 units 
of vitamin D per 
day for all patients‡

Only for patients with low 
calcium intake (<1 g/
day) or vitamin D defi-
ciency (not defined)‡

For all patients

Pharmacologic inter-
vention

Bisphosphonates; teripara-
tide reserved for patients 
at highest risk

Bisphosphonates; 
teriparatide only for 
patients at high risk

Bisphosphonates as first-
line options, followed 
by teriparatide

Bisphosphonates

* BMD denotes bone mineral density, and FRAX fracture prevention algorithm.
† Glucocorticoid doses are given in prednisone equivalents.
‡ The recommended calcium intake refers to the total daily intake (diet and supplements).
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surement of bone mineral density, and I would also 
recommend a vertebral morphologic assessment 
or plain films to look for vertebral fractures. Ad-
equate intake of calcium and vitamin D should be 
encouraged. Because of her long-term use of gluco-
corticoids, her age, and the low body-mass index, 
if prednisone cannot be discontinued (or if she has 
low bone mineral density or vertebral fractures), 
she should be advised about therapies to reduce 
her risk of fracture; bisphosphonates (alendronate, 
risedronate, and zoledronic acid) and teriparatide 
are approved by the FDA for these indications and 
should be continued for as long as the patient re-
quires prednisone. In the absence of data from 
trials directly comparing the risk of fracture as-
sociated with the various therapies, the choice of 
medication should take into account the cost, the 

convenience of administration, and the side effects. 
The more rapid onset of action with zoledronic acid 
or teriparatide, as compared with oral bisphospho-
nates, is a potential advantage of these medica-
tions, but that advantage must be weighed against 
the greater costs of those drugs and, in the case 
of teriparatide, the need for daily injections.

Dr. Weinstein reports holding a patent for in vitro and in vivo 
models for screening compounds to prevent glucocorticoid-induced 
bone destruction. No other potential conflict of interest relevant to 
this article was reported.

Disclosure forms provided by the author are available with the 
full text of this article at NEJM.org.
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son (Department of Pulmonary and Critical Care Medicine, Uni-
versity of Arkansas for Medical Sciences) for help with the case 
vignette; and Drs. Paul D. Miller, Nelson B. Watts, Robert A. 
Adler, and Henry G. Bone for reviewing an earlier version of the 
manuscript.
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