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Objective. To develop recommendations for prevention and treatment of glucocorticoid-induced osteoporosis (GIOP).
Methods. We conducted a systematic review to synthesize the evidence for the benefits and harms of GIOP prevention
and treatment options. The Grading of Recommendations Assessment, Development and Evaluation methodology was
used to rate the quality of evidence. We used a group consensus process to determine the final recommendations and
grade their strength. The guideline addresses initial assessment and reassessment in patients beginning or continuing
long-term (‡3 months) glucocorticoid (GC) treatment, as well as the relative benefits and harms of lifestyle modifica-
tion and of calcium, vitamin D, bisphosphonate, raloxifene, teriparatide, and denosumab treatment in the general
adult population receiving long-term GC treatment, as well as in special populations of long-term GC users.
Results. Because of limited evidence regarding the benefits and harms of interventions in GC users, most recommen-
dations in this guideline are conditional (uncertain balance between benefits and harms). Recommendations include
treating only with calcium and vitamin D in adults at low fracture risk, treating with calcium and vitamin D plus an
additional osteoporosis medication (oral bisphosphonate preferred) in adults at moderate-to-high fracture risk, con-
tinuing calcium plus vitamin D but switching from an oral bisphosphonate to another antifracture medication in
adults in whom oral bisphosphonate treatment is not appropriate, and continuing oral bisphosphonate treatment or
switching to another antifracture medication in adults who complete a planned oral bisphosphonate regimen but con-
tinue to receive GC treatment. Recommendations for special populations, including children, people with organ trans-
plants, women of childbearing potential, and people receiving very high-dose GC treatment, are also made.
Conclusion. This guideline provides direction for clinicians and patients making treatment decisions. Clinicians and
patients should use a shared decision-making process that accounts for patients’ values, preferences, and comorbidi-
ties. These recommendations should not be used to limit or deny access to therapies.

INTRODUCTION

Glucocorticoids (GCs) play an important role in the treat-

ment of many inflammatory conditions. It is estimated that

1% of the US population is treated long-term with GCs (1).

However, GC use causes significant toxicity, including bone

loss and fractures (2,3). More than 10% of patients who

receive long-term GC treatment are diagnosed with a clinical

fracture, and 30–40% have radiographic evidence of verte-

bral fractures (4,5). The highest rate of bone loss occurs

within the first 3–6 months of GC treatment, and a slower

decline continues with persistent use (6). Both high daily

and high cumulative GC doses increase risk of fracture, par-

ticularly vertebral fracture, due to the greater effects of GCs

on trabecular bone than on cortical bone. Risk factors for

GC-induced fracture include low bone strength at the begin-

ning of GC treatment and the rate of decline in bone mass

during treatment, which is largely determined by the dose

and duration of GC use. In children, GC treatment also

affects bone strength, growth, and total adult skeletal mass,

with a similar profile of risk factors (7–10).
However, GC treatment is a potentially reversible risk

factor for glucocorticoid-induced osteoporosis (GIOP); if

GC treatment is terminated, bone mineral density (BMD)

increases and fracture risk declines (6,11,12). In addition,

the absolute risk of future fracture in an individual is sub-

stantially influenced by demographic and other character-

istics (age, race, sex, and concomitant OP risk factors). For

these reasons, it is important to identify those patients tak-

ing GCs for whom the benefits of preventive therapy suffi-

ciently outweigh potential harms.
Numerous risk calculators can be applied in clinical

practice to provide estimates of risk of major OP fracture

and hip fracture clinically diagnosed, with adjustment for

GC dose in some but not all calculators (13–15). Most strat-

ify GC use into 2 categories: low (prednisone #7.5 mg/day)

or high (.7.5 mg/day), based on data from clinical trials

and epidemiologic studies (15,16) demonstrating increasing

fracture risk with higher daily doses. However, these cal-

culators may underestimate the fracture risk in patients

with prolonged treatment with very high doses of GCs for
conditions such as giant cell arteritis, vasculitis, lupus, and

dermatomyositis (16,17). Van Staa et al reported a marked

increase in relative risk of vertebral and hip fractures in

patients who had received treatment with prednisolone

$30 mg/day with a cumulative dose of .5 gm (15).
There are insufficient data to develop individual predic-

tion tools for children and for adults ,40 years of age.
Nevertheless, observational data indicate a substantial

risk of clinically diagnosed vertebral fracture among pre-

menopausal women $30 years of age receiving very high

doses of GCs (10-year risk 5–20%) (18–25).
Despite increasing information about risk factors for frac-

ture in GC users and the availability of effective therapies

to prevent fracture, many long-term GC users never receive
therapy to prevent bone loss or are treated only after a frac-

ture has occurred (26,27). The American College of Rheu-

matology (ACR) identified GIOP as an important public

health issue and first published recommendations for its

prevention and treatment in 1996 (28). The ACR updated
these guidelines in 2001 and 2010, as new techniques for

assessing fracture risk and new information about risk

factors and therapies became available (28–30). The present

ACR guideline outlines the treatment recommendations for

GIOP. The guideline was developed using the Grading of

Recommendations Assessment, Development and Evalua-
tion (GRADE) approach (see below) and included therapies

for the treatment of OP approved by the US Food and Drug

Administration before 2015. No other therapies have been

approved as of the time of publication of these guidelines.

METHODS

Methodology overview. We developed this guideline

according to the ACR guideline development process
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(http://www.rheumatology.org/Practice-Quality/Clinical-

Support/Clinical-Practice-Guidelines). This process

includes the GRADE methodology (www.gradeworking

group.org) (31–33). Conflicts of interest and disclosures

were determined and managed according to ACR policy

(https://www.rheumatology.org/Portals/0/Files/GIOP-

Guidelines-Disclosure-Summary.pdf). The full methods

are described in detail in Supplementary Appendix 1

(available on the Arthritis Care & Research web site at http://

onlinelibrary.wiley.com/doi/10.1002/acr.23279/abstract). This

work involved 4 teams: 1) a Core Leadership Team >(4

members), which supervised and coordinated the project

and drafted the clinical questions and manuscript; 2) a

Literature Review Team, which completed the literature

search and abstraction; 3) an Expert Panel, which developed

the clinical questions (PICO [population/intervention/

comparator/outcomes] questions) and the scope of the

guideline project; and 4) a Voting Panel, which included

adult and pediatric rheumatologists, internists, a ne-

phrologist, a pulmonologist, a gastroenterologist, medical

specialists with clinical expertise in treating GIOP, and a

patient who provided input from the patient perspective

and voted on the recommendations. Rosters of the team and

Panel members are shown in Supplementary Appendix 2

(http://onlinelibrary.wiley.com/doi/10.1002/acr.23279/

abstract).

Framework for the GIOP guideline development. The

Panel ranked fracture (hip, vertebral, nonvertebral) as the

critically important outcome measure for treatment evalu-

ation. Important outcome measures included adverse

effects of treatments, in particular the incidence of serious

and total adverse events (see Supplementary Appendix 3

[http://onlinelibrary.wiley.com/doi/10.1002/acr.23279/

abstract] for a list of adverse events).
At the initial meeting, the Voting Panel and Expert

Panel agreed that the scope of the project should be the

assessment, prevention, and treatment of OP and fractures

in children and adults taking glucocorticoids (prednisone

at .2.5 mg/day for $3 months), including patients with

organ transplants, women of childbearing potential, and

people receiving very high-dose GCs. Treatment of people

using inhaled GCs and those with a glomerular filtration

rate of ,30 ml/minute were not addressed in these

guidelines.
Adult men and women were divided into 2 groups

based on age ($40 years or ,40 years). After population

risk groups were defined, interventions and comparators

for each clinical scenario were specified using a PICO

question (see list of PICO questions in Supplementary

Appendix 3). PICO questions included assessment and

reassessment of fracture risks, treatment comparisons, and

questions about duration and reassessment of treatment.

When it was necessary to use BMD to support a recom-

mendation (which was the case in only 4 PICO questions,

all addressing pediatric patients with GIOP), the Voting

Panel downgraded the quality of evidence for indirect-

ness, since BMD provides only indirect evidence of the

impact on fracture.

Systematic synthesis of the literature. We performed

systematic searches of the published English-language lit-

erature including OVID Medline, PubMed, Embase, and

the Cochrane Library (including Cochrane Database of

Systematic Reviews, Database of Abstracts of Reviews of

Effects, Cochrane Central Register of Controlled Trials,

and Health Technology Assessments) from the beginning

of each database through October 6, 2015 (Supplementary

Appendix 4, on the Arthritis Care & Research web site

at http://onlinelibrary.wiley.com/doi/10.1002/acr.23279/

abstract), and update searches were conducted on April

23, 2016. We performed duplicate screening of literature

search results using DistillerSR software (https://distillercer.

com/products/distillersr-systematic-review-software/) (Sup-

plementary Appendix 5, http://onlinelibrary.wiley.com/

doi/10.1002/acr.23279/abstract). Data were extracted into

RevMan software (http://tech.cochrane.org/revman), and

the quality of each study was evaluated using the

Cochrane risk of bias tool (http://handbook.cochrane.org/).

We exported RevMan files into GRADEpro software to for-

mulate a GRADE summary of findings table (Supplemen-

tary Appendix 3) for each PICO question (34). The overall

quality of evidence was evaluated using GRADE quality

assessment criteria (31).
In clinical scenarios not addressed by data from ran-

domized clinical trials, data from observational cohort

studies were used to estimate relative effects. In situations

in which the question had not been tested in a sample of

patients taking GCs but had been tested in a non-GIOP

population, we applied the relative risk values from that

study, making the assumption that the effect was general-

izable, but we downgraded the quality of evidence for

indirectness.
We projected absolute risk reduction within each risk

stratum according to hypothetical baseline fracture risk

ranging from 1% to 20%. The following cut points were

used to stratify levels of risk: ,5% incidence of vertebral

fractures over 5 years, between 5% and ,10%, and $10%.

The Voting Panel then made recommendations based on

absolute fracture reduction with treatment in each of these

strata. We focused on vertebral fracture rates because this

outcome was more consistently reported in the literature

and because of the greater effects of GCs on trabecular

bone.

Moving from evidence to recommendations. GRADE

methodology specifies that Panels make recommendations

based on the balance of relative benefits and harms of the

treatment options under consideration, the quality of the

evidence (i.e., confidence in the effect estimates), and

patients’ values and preferences. Key to the recommenda-

tion is the tradeoff between desirable and undesirable out-

comes and cost; recommendations require estimating the

relative value patients place on the outcomes. We are

unaware of published literature exploring patient values

and preferences regarding these issues. Our judgments

were based on the experience of the Panel members

(which included a patient) in shared decision-making

with their patients. Below we outline the Voting Panel’s
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assessment of these tradeoffs that informed the final

recommendations.

Consensus building. The Voting Panel voted on the
direction and strength of the recommendation related to
each PICO question. An 80% level of agreement was used

as the threshold for a recommendation; if 80% agreement
was not achieved during an initial vote, the Panel
members held additional discussions before re-voting.

Consistent with GRADE guidance, in some instances the
Voting Panel chose to provide a strong recommendation
despite a low quality rating of evidence (33). In such

cases, a written explanation is provided, describing the
reasons for this decision.

Moving from recommendations to practice. When
applying these risk-stratified recommendations in clinical

settings, adults $40 years of age receiving long-term GCs
should be designated as being at moderate-to-high risk or
low risk of fracture (Table 1) based on BMD, history of

fracture, and 10-year risk of major OP fracture and hip
fracture calculated using a tool that combines risk factors
with GC dose. Although many tools that incorporate GC
use are available, the Voting Panel suggested using FRAX

(https://www.shef.ac.uk/FRAX/tool.jsp) for fracture risk
assessment. When GC use is included as a risk factor in
FRAX, the fracture risk generated is the risk associated

with a prednisolone dose of 2.5–7.5 mg/day (prednisolone
and prednisone doses are nearly equivalent). For people

receiving doses of .7.5 mg/day, the fracture risk gener-

ated with FRAX should be increased by a relative 15% for

major osteoporotic fracture and 20% for hip fracture risk

(13). For example, if the 10-year hip fracture risk is 2.0%

with GC use entered in FRAX, the risk estimate should be

increased to 2.4% if the prednisone dose is .7.5 mg.
There are no tools available to estimate absolute fracture

risk in children or in adults ,40 years of age. These

groups were considered to be at high fracture risk if they

have previously sustained an OP fracture. The Voting

Panel designated men and women ,40 years of age to be

at moderate risk if they were expected to continue GC

treatment at .7.5 mg/day for 6 months and had either 1) a

hip or spine BMD Z score of , 23 or 2) a rapid decline in

hip or spine BMD (equivalent to $10% in 1 year) during

GC treatment.

RESULTS/RECOMMENDATIONS

How to interpret the recommendations

1. The Voting Panel’s assessment was that patients would

be willing to take calcium and vitamin D with only a very

small absolute risk reduction, that all or virtually all

would be willing to take bisphosphonates to achieve a 5-

year absolute reduction in vertebral fracture risk of 5%,

and that most would choose to take oral bisphosphonates

if the fracture reduction were $3% to ,5% (leading to a

Table 1. Fracture risk categories in GC-treated patients

Adults ‡40 years of age Adults <40 years of age

High fracture risk Prior osteoporotic fracture(s)

Hip or spine bone mineral density

T score # 22.5 in men age

$50 years and postmenopausal

women

FRAX* (GC-adjusted†) 10-year

risk of major osteoporotic

fracture‡ $20%

FRAX* (GC-adjusted†) 10-year

risk of hip fracture $3%

Prior osteoporotic fracture(s)

Moderate

fracture risk

FRAX* (GC-adjusted†) 10-year

risk of major osteoporotic

fracture‡ 10–19%

FRAX* (GC-adjusted†) 10-year

risk of hip fracture .1% and

,3%

Hip or spine bone mineral

density Z score ,23

or
rapid bone loss ($10% at the

hip or spine over 1 year)

and
Continuing GC treatment at

$7.5 mg/day for $6 months

Low fracture risk FRAX* (GC-adjusted†) 10-year

risk of major osteoporotic

fracture‡ ,10%

FRAX* (GC-adjusted†) 10-year

risk of hip fracture #1%

None of above risk factors other

than GC treatment

* https//www.shef.ac.uk/FRAX/tool.jsp.
† Increase the risk generated with FRAX by 1.15 for major osteoporotic fracture and 1.2 for hip fracture
if glucocorticoid (GC) treatment is .7.5 mg/day (e.g., if hip fracture risk is 2.0%, increase to 2.4%).
‡ Major osteoporotic fracture includes fractures of the spine (clinical), hip, wrist, or humerus.
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conditional recommendation in favor). The 5-year time
period was chosen because few clinical trials have data
on fracture risk reduction past 3–5 years. Further, the
Panel members thought that most patients would decline
oral bisphosphonates with an absolute reduction in
5-year risk of vertebral fractures of 1.6–2.9% (leading to a
conditional recommendation against), and all or virtually
all would decline if the risk reduction were ,1.5% (lead-
ing, in the presence of high- or moderate-quality evi-
dence, to a strong recommendation against).

For intravenous (IV) bisphosphonates, denosumab, ral-
oxifene, and teriparatide, which have greater harms or
burden of treatment, the threshold was higher, although
the Panel did not specify a threshold value. Because ral-
oxifene may increase the risk of death due to stroke in
postmenopausal women with documented coronary
heart disease or at increased risk of major coronary events
and/or may increase the risk of deep vein thrombosis and
pulmonary embolism (35), and there is no evidence of its
benefit in fracture reduction in GC-treated patients, the
Voting Panel considered the drug as a treatment option
only for postmenopausal women with contraindications
to all other treatments. We are unaware of published liter-
ature exploring patient values and preferences regarding
these issues. The judgments are based on the experience
of the Panel members (which included a patient) in
shared decision-making with their patients.

2a. A strong recommendation means that the Panel was
confident that the desirable effects of following the
recommendation outweigh the undesirable effects (or
vice versa), so the course of action would apply to all
or almost all patients, and only a small proportion
would not want to follow the recommendation.

2b. A conditional recommendation means that the Panel
believed the desirable effects of following the recom-
mendation probably outweigh the undesirable effects,
so the course of action would apply to the majority of
the patients, but some may not want to follow the rec-
ommendation. Because of this, conditional recommen-
dations are preference sensitive and always warrant a
shared decision-making approach.

2c. A good practice recommendation (36) means that although
the Panel believed the benefits of proceeding according to
the guidance far outweigh the harms, the supporting evi-
dence is indirect, and the Panel did not formally assess
the relevant evidence. The logic for the good practice state-
ments is as follows: Appropriate management regarding
bone health is based on an initial assessment and reassess-
ment of fracture risk. However, there are inadequate data
directly addressing outcomes in patients whose cases
were managed with, versus those without, initial and
follow-up fracture risk assessments. The chain of evidence—
limited antifracture treatment with limited adverse effects
in those at low risk; more aggressive antifracture treatment
with resultant decrease in fractures in those at high risk—
is nevertheless compelling, though without a structured
review of the evidence for the benefits and harms, the
statement in question does not warrant a formal GRADE
recommendation.

3. For each recommendation, details regarding the PICO ques-
tions and the GRADE evidence tables are listed in

Supplementary Appendices 1 and 3 (on the Arthritis Care &
Research web site at http://onlinelibrary.wiley.com/doi/10.

1002/acr.23279/abstract).

4. Recommendations for BMD testing are based on the assump-

tion that it is available in the region where the patient

receives treatment and that there are no significant barriers,

including the patient’s functional status or financial barriers,

that preclude testing, and that the results are likely to have an

impact on clinical decision-making.

Recommendations for fracture risk assessment
and reassessment

Initial fracture risk assessment. All of the fracture risk

assessment and reassessment recommendations are made

as good practice recommendations. In all adults and chil-

dren, an initial clinical fracture risk assessment should be
performed as soon as possible, but at least within 6
months of the initiation of long-term GC treatment
(Figure 1). This assessment should include a history with

the details of GC use (dose, duration, pattern of use), an eval-

uation for falls, fractures, frailty, and other risk factors for

fracture (malnutrition, significant weight loss or low body

weight, hypogonadism, secondary hyperparathyroidism,

thyroid disease, family history of hip fracture, history of

alcohol use [at $3 units/day] or smoking) and other clinical

comorbidities, and a physical examination including mea-

surement of weight and height (without shoes), testing of

muscle strength, and assessment for other clinical findings

of undiagnosed fracture (i.e., spinal tenderness, deformity,

and reduced space between lower ribs and upper pelvis) as

appropriate given the patient’s age.
In addition, for adults $40 years of age, the initial abso-

lute fracture risk should be estimated using FRAX

(https://www.shef.ac.uk/FRAX/tool.jsp) with the adjust-

ment for GC dose and BMD testing (if available, or without

BMD if it is not available) as soon as possible, but at least

within 6 months of the initiation of GC treatment.
For adults ,40 years of age, BMD testing should be done

as soon as possible but at least within 6 months of the initia-

tion of GC treatment if the patient is at high fracture risk

because of a history of previous OP fracture(s) or if the

patient has other significant OP risk factors (malnutrition,

significant weight loss or low body weight, hypogonadism,

secondary hyperparathyroidism, thyroid disease, family his-

tory of hip fracture, smoking, alcohol use at $3 units/day).

Reassessment of fracture risk. In all adults and chil-

dren who continue GC treatment, a clinical fracture
risk reassessment should be performed every 12 months
(Figure 2).

Adults $40 years of age. For adults $40 years of age
who continue GC treatment and are not treated with an
OP medication beyond calcium and vitamin D, reassess-
ment with FRAX, with BMD testing if available, should be
completed every 1–3 years. This reassessment should be
performed earlier within this 1–3-year time range for
adults age $40 years who are receiving very high doses of
GCs (initial prednisone dose $30 mg/day, cumulative
dose .5 gm in the previous year) or those with a history of
OP fracture(s). Later or less frequent testing within this
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range can be done for adults age $40 years who are taking
lower doses of GCs with no other OP risk factors.

For adults $40 years old who continue GC treatment and

are currently treated with an OP medication in addition to
calcium and vitamin D, BMD testing should be completed
every 2–3 years during treatment in high-risk patients such
as those receiving very high-dose GCs (initial prednisone
dose $30 mg/day, cumulative dose .5 gm in the previous

year), a history of OP fracture occurring after $18 months
of treatment with antifracture medication (other than cal-
cium and vitamin D), risks for poor medication adherence
or absorption, or other significant OP risk factors.

For adults $40 years old who received an OP treatment
in the past but are no longer being treated with an OP
medication other than calcium and vitamin D, BMD test-
ing should be done every 2–3 years. Within this range,

Figure 1. Initial fracture risk assessment. A clinical fracture risk assessment includes
obtaining a history with the details of glucocorticoid (GC) use (dose, duration, pattern of
use), an evaluation for falls, fractures, frailty, and other osteoporosis (OP) risk factors (mal-
nutrition, significant weight loss or low body weight, hypogonadism, secondary hyper-
parathyroidism, thyroid disease, family history of hip fracture, history of alcohol use [at
$3 units/day] or smoking) and other clinical comorbidities, and a physical examination
including measurement of weight and height (without shoes), testing of muscle strength,
and assessment for other clinical findings of undiagnosed 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 recognized that in some cases, bone mineral density
(BMD) testing may not be available.
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reassessment should be conducted earlier in patients
receiving higher doses of GCs and those with a history of
fracture or low BMD, and later in those receiving lower
doses of GCs, with higher BMD and no other OP risk
factors.

Adults ,40 years of age. For all adults ,40 years of age
who continue GC treatment and are at moderate-to-high

fracture risk (history of previous fracture, BMD Z score

,23, received very high-dose prednisone [$30 mg/day and

cumulative dose .5 gm] in the previous year, risks for

poor medication adherence or absorption, or multiple OP

risk factors), BMD testing should be done every 2–3
years.

Recommendations for treatment

The Voting Panel’s rationale and strength of recom-
mendations for treatment are detailed in Table 2.

Calcium and vitamin D intake and lifestyle modifications.
Optimizing calcium intake (1,000–1,200 mg/day) and vita-
min D intake (600–800 IU/day; serum level $20 ng/ml)
(37) as well as lifestyle modifications (a balanced diet,

Figure 2. Reassessment of fracture risk. A clinical fracture risk reassessment includes obtaining a history with the details of glucocorticoid
(GC) use (dose, duration, pattern of use), an evaluation for falls, fractures, frailty, and other osteoporosis (OP) risk factors (malnutrition,
significant weight loss or low body weight, hypogonadism, secondary hyperparathyroidism, thyroid disease, family history of hip fracture,
history of alcohol use [at $3 units/day] or smoking) and other clinical comorbidities, and a physical examination including measurement
of weight and height (without shoes), testing of muscle strength, and assessment for other clinical findings of undiagnosed fracture (i.e.,
spinal tenderness, deformity, and reduced space between lower ribs and upper pelvis) as appropriate given the patient’s age. Very high-
dose GC 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 OP treatment is debated, but FRAX calculation can be repeated in adults age $40
years who have not received treatment. It is recognized that in some cases, bone mineral density (BMD) testing may not be available.

ACR Guideline for Glucocorticoid-Induced Osteoporosis Prevention and Treatment 7

https://www.shef.ac.uk/FRAX/tool.jsp


Table 2. Recommendations for initial treatment for prevention of GIOP in adults (women not of childbearing potential and
men) beginning long-term GC treatment*

All adults taking prednisone at a dose of ‡2.5 mg/day for ‡3 months

Optimize calcium intake (800–1,000 mg/day) and vitamin D intake (600–800 IU/day) and lifestyle modifications (balanced diet,

maintaining weight in the recommended range, smoking cessation, regular weight-bearing or resistance training exercise, limiting

alcohol intake to 1–2 alcoholic beverages/day) over no treatment or over any of these treatments alone.

Conditional recommendation because of indirect evidence on the impact of lifestyle modifications on fracture risk, low-quality

evidence on the impact of calcium and vitamin D on fractures in GC users, and indirect evidence on the benefit of calcium and

vitamin D on fracture risk in the general OP population

Adults age ‡40 years at low risk of fracture

Optimize calcium and vitamin D intake and lifestyle modifications over treatment with bisphosphonates, teriparatide,
denosumab, or raloxifene.

Conditional recommendation for calcium and vitamin D over oral bisphosphonates, teriparatide, and denosumab because of

low-quality evidence on additional antifracture benefit of the alternative treatments in this low-risk group, costs, and potential

harms

Strong recommendation for calcium and vitamin D over IV bisphosphonates and raloxifene because of low-quality evidence on

additional antifracture benefit in this low-risk group and their potential harms

Adults age ‡40 years at moderate risk of major fracture

Treat with an oral bisphosphonate over calcium and vitamin D alone.

Treat with an oral bisphosphonate over IV bisphosphonates, teriparatide, denosumab, or raloxifene.

Oral bisphosphonates preferred for safety, cost, and because of lack of evidence of superior antifracture benefits from other OP

medications. Other therapies if oral bisphosphonates are not appropriate, in order of preference:

IV bisphosphonates

Higher risk profile for IV infusion over oral bisphosphonate therapy

Teriparatide

Cost and burden of therapy with daily injections

Denosumab

Lack of safety data in people treated with immunosuppressive agents

Raloxifene (for postmenopausal women in whom none of the medications listed above is appropriate)

Lack of adequate data on benefits (impact on risk of vertebral and hip fractures in GC users) and potential harms (clotting

risks, mortality)

Conditional recommendations because of indirect and low-quality evidence comparing benefits and harms of alternative

treatments in people with moderate fracture risk

Adults age ‡40 years at high risk of fracture

Treat with an oral bisphosphonate over calcium and vitamin D alone.

Treat with an oral bisphosphonate over IV bisphosphonates, teriparatide, denosumab, or raloxifene.

Oral bisphosphonates preferred for safety, cost, and because of lack of evidence of superior antifracture benefits from other OP

medications. Other therapies if oral bisphosphonates are not appropriate, in order of preference:

IV bisphosphonates

Higher risk profile for IV infusion over oral bisphosphonate therapy

Teriparatide

Cost and burden of therapy with daily injections

Denosumab

Lack of safety data in people treated with immunosuppressive agents

Raloxifene (for postmenopausal women in whom none of the medications listed above is appropriate)

Lack of adequate data on benefits (impact on risk of vertebral and hip fractures in GC users) and potential harms (clotting

risks, mortality)

Strong recommendation for oral bisphosphonates over calcium and vitamin D alone because of the strength of the indirect

evidence of antifracture efficacy and low harms

All other recommendations conditional because of indirect and low-quality evidence comparing benefits and harms of alternative

treatments in people with high fracture risk

(continued)
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maintaining weight in the recommended range, smoking

cessation, regular weight-bearing or resistance training

exercise, limiting alcohol intake to 1–2 alcoholic

beverages/day) are conditionally recommended for all

patients receiving GC treatment.

Initial pharmacologic treatment. Adults $40 years of

age. Women $40 years of age and not of childbearing

potential and men $40 years of age (Figure 3) who are at

moderate-to-high risk of fracture should be treated with an

oral bisphosphonate (strong recommendation for those at

high risk; conditional recommendation for those at moder-

ate risk). For patients in whom oral bisphosphonates

are not appropriate (for example, due to comorbidities,

patient preference, or concerns about adherence with an

oral medication regimen), IV bisphosphonates should be

used rather than the patient receiving no additional treat-

ment beyond calcium and vitamin D. If bisphosphonate

treatment is not appropriate, teriparatide should be used

rather than the patient receiving no additional treatment

beyond calcium and vitamin D. If neither oral nor IV

bisphosphonates nor teriparatide treatment is appropriate,

denosumab should be used rather than the patient receiv-

ing no additional treatment beyond calcium and vitamin

D. For postmenopausal women in whom none of these

medications is appropriate, raloxifene should be used

rather than the patient receiving no additional treatment

beyond calcium and vitamin D. The order of the preferred

treatments was determined based on a comparison of

efficacy (fracture reduction), toxicity, and cost. These are

conditional recommendations.

Adults ,40 years of age. For adults ,40 years of age
(women not of childbearing potential and men) (Figure 3)

with a history of OP fracture, or those continuing GC treat-

ment ($6 months at a dose of $7.5 mg/day) who have

either a hip or spine BMD Z score ,23 or bone loss of

$10%/year at the hip or spine as assessed by dual x-ray

absorptiometry (DXA), an oral bisphosphonate should be

used rather than the patient receiving no additional treat-

ment beyond calcium and vitamin D. If treatment with

an oral bisphosphonate is not appropriate, the same alter-

native medications listed for adults $40 years of age are

recommended with the exception of raloxifene, which is

not used in men and premenopausal women. These are

conditional recommendations.

Special populations. For women who meet criteria for
moderate-to-high risk of fracture (Table 1) and are of

childbearing potential (Table 3 and Figure 3), but do not

plan to become pregnant within the period of OP treat-

ment and are using effective birth control or are not sexu-

ally active, an oral bisphosphonate should be used rather

than the patient receiving no additional treatment beyond

calcium and vitamin D. If oral bisphosphonate treatment

is not appropriate, teriparatide should be used rather than

the patient receiving no additional treatment beyond cal-

cium and vitamin D. Because of the lack of safety data and

the potential fetal harm associated with denosumab in

animal studies and with high-dose IV bisphosphonates

Table 2. (Cont’d)

Adults age <40 years at low risk of fracture

Optimize calcium and vitamin D intake and lifestyle modifications over treatment with bisphosphonates, teriparatide,
or denosumab.

Conditional recommendation for calcium and vitamin D over oral bisphosphonates, teriparatide, and denosumab because of

low-quality evidence on additional antifracture benefit of the alternative treatments, costs, and potential harms

Strong recommendation for calcium and vitamin D over IV bisphosphonates because of low-quality evidence for additional

antifracture benefit in this low-risk group and potential harms

Adults age <40 years at moderate-to-high risk of fracture

Treat with an oral bisphosphonate over calcium and vitamin D alone.

Treat with an oral bisphosphonate over IV bisphosphonates, teriparatide, or denosumab.

Oral bisphosphonates preferred for safety, cost, and because of lack of evidence of superior antifracture benefits from other OP

medications. Other therapies if oral bisphosphonates are not appropriate, in order of preference:

IV bisphosphonates

Higher risk profile for IV infusion over oral bisphosphonate therapy

Teriparatide

Cost and burden of therapy with daily injections

Denosumab

Lack of safety data in people treated with immunosuppressive agents

Conditional recommendations because of low- to very low-quality evidence on absolute fracture risk and indirect and

low-quality evidence comparing relative harms and benefits of alternative treatments in this age group

* GIOP 5 glucocorticoid (GC)–induced osteoporosis; IV 5 intravenous.
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(38–53), these therapies should be used only in women
who are at high risk of fracture in whom treatment with an
oral bisphosphonate and teriparatide is not appropriate.
Denosumab or IV bisphosphonate treatment should be
initiated only after a discussion with the patient about
the very low quality of evidence about fetal harms in the
event of an unplanned pregnancy. These are conditional
recommendations.

There is a lack of data on the safety of currently avail-
able OP treatments during pregnancy. Therefore, these
guidelines do not include recommendations about OP pre-
vention or treatment, other than calcium and vitamin D
intake and lifestyle modification, in women who are
pregnant.

For adults �30 years of age who are receiving very high-
dose GC treatment (initial prednisone dose of $30 mg/day

[or equivalent GC exposure] and a cumulative annual dose
of .5 gm) (Table 3), oral bisphosphonate treatment should
be initiated. If treatment with an oral bisphosphonate is not
appropriate, the age-related recommendations for second-
line therapy (Table 2) should be followed (with adjust-
ments for women of childbearing potential as outlined in
these guidelines). These are conditional recommendations.

For adults who have received an organ transplant and
who are continuing treatment with GCs (Table 3), the age-
related treatment recommendations outlined in these
guidelines for men and women who do not have trans-
plants should be followed if the glomerular filtration rate is
$30 ml/minute and there is no evidence of metabolic bone
disease. An evaluation by an expert in metabolic bone dis-
ease is recommended before initiating pharmacologic treat-
ment in adults with a renal transplant (54). The Panel

Figure 3. Initial pharmacologic treatment for adults. Recommended doses of calcium and vitamin D are 1,000–1,200 mg/day and 600–
800 IU/day (serum level $20 ng/ml), respectively. Lifestyle modifications include a balanced diet, maintaining weight in the recom-
mended range, smoking cessation, regular weight-bearing and resistance training exercise, and limiting alcohol intake to 1–2 alcoholic
beverages/day. Very high-dose glucocorticoid (GC) 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 (OP) 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 cal-
culated hip fracture risk is 2.0%, increase to 2.4%). It is recognized that in some cases, bone mineral density (BMD) testing may not be
available. PMP 5 postmenopausal; IV 5 intravenous.
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made a recommendation against the use of denosumab
because of lack of safety data in this population of patients
who are treated with multiple immunosuppressive agents.
These are conditional recommendations.

For GC-treated children 4–17 years of age, a calcium intake
of 1,000 mg/day and vitamin D intake of 600 IU/day is rec-
ommended. For children who have had an OP fracture who
continue GC treatment at a dose of $0.1 mg/kg/day for $3

Table 3. Recommendations for initial treatment for prevention of GIOP in special populations of patients beginning
long-term GC treatment*

Women of childbearing potential at moderate-to-high risk of fracture (Table 1) who do not plan to become pregnant within the
period of OP treatment and are using effective birth control or are not sexually active

Treat with an oral bisphosphonate over calcium and vitamin D alone, teriparatide, IV bisphosphonates, or denosumab.

Oral bisphosphonates preferred for safety, cost, and because of lack of evidence of superior antifracture benefits from other OP

medications. Other therapies if oral bisphosphonates are not appropriate, in order of preference:

Teriparatide

Safety, cost, and burden of therapy with daily injections

Consider the following therapies only for high-risk patients because of lack of safety data on use of these agents during pregnancy:

IV bisphosphonates

Potential fetal risks of IV infusion during pregnancy

Denosumab

Potential fetal risks during pregnancy

Conditional recommendations because of indirect and very low-quality evidence on benefits and harms of these treatments to the

fetus during pregnancy

Adults age ‡30 years receiving very high-dose GCs (initial dose of prednisone ‡30 mg/day and cumulative dose >5 gm in 1 year)

Treat with an oral bisphosphonate over calcium and vitamin D alone.

Treat with an oral bisphosphonate over IV bisphosphonates, teriparatide, or denosumab.

Oral bisphosphonates preferred for safety, cost, and because of lack of evidence of additional antifracture benefits from other OP

medications.

If bisphosphonate treatment is not appropriate, alternative treatments are listed by age ($40 years and ,40 years)

in Table 2.

Conditional recommendations because of low-quality evidence on absolute fracture risk and harms in this population

Adults with organ transplant, glomerular filtration rate ‡30 ml/minute, and no evidence of metabolic bone disease who continue
treatment with GCs

Treat according to the age-related guidelines for adults without transplants (Table 2), with these additional recommendations:

An evaluation by an expert in metabolic bone disease is recommended for all patients with a renal transplant.

Recommendation against treatment with denosumab due to lack of adequate safety data on infections in adults treated

with multiple immunosuppressive agents.

Conditional recommendations because of low-quality evidence on antifracture efficacy in transplant recipients and on relative

benefits and harms of the alternative treatments in this population

Children ages 4–17 years treated with GCs for ‡3 months

Optimize calcium intake (1,000 mg/day) and vitamin D intake (600 IU/day) and lifestyle modifications over not optimizing
calcium and vitamin D intake and lifestyle modifications.

Conditional recommendation because of lack of antifracture efficacy of calcium and vitamin D in children but limited harms

Children ages 4–17 years with an osteoporotic fracture who are continuing treatment with GCs at a dose of ‡0.1 mg/kg/day for
‡3 months

Treat with an oral bisphosphonate (IV bisphosphonate if oral treatment contraindicated) plus calcium and vitamin D over
treatment with calcium and vitamin D alone.

Conditional recommendation because of very low-quality antifracture data in children but moderate-quality evidence of low

harms of oral bisphosphonates in children and less potential harm of oral over IV bisphosphonates

* GIOP 5 glucocorticoid (GC)–induced osteoporosis; IV 5 intravenous.
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months, treatment with an oral bisphosphonate (or an IV bis-

phosphonate if oral treatment is not appropriate) is recom-

mended (Table 3). These are conditional recommendations.

Follow-up treatment recommendations. Initial treat-
ment failure. For adults $40 years of age who are con-

tinuing GC treatment who have had a fracture that

occurred $18 months after beginning treatment with an

oral bisphosphonate or had a significant decline in BMD

($10%/year) after 1 year of treatment (Table 4), treatment

with another class of OP medication (teriparatide, den-

osumab) or an IV bisphosphonate (if treatment failure is

judged to be due to poor absorption or poor medication

adherence) is recommended rather than the patient receiv-

ing no additional treatment beyond calcium and vitamin D

alone or continuing oral bisphosphonate treatment. These

are conditional recommendations.

Treatment if moderate-to-high fracture risk persists
after bisphosphonate therapy. For adults $40 years of

age who have completed 5 years of oral bisphosphonate

treatment (Table 4) who are continuing GC treatment and

are assessed to be at moderate-to-high risk of fracture

(Table 1), continuation of active OP treatment (in addition

to calcium and vitamin D) is recommended rather than

the patient receiving no additional treatment beyond

calcium and vitamin D. Suggested treatment options

include continuing the oral bisphosphonate for 7–10

years, switching to an IV bisphosphonate if absorption or

adherence is a problem, or treatment with another class of

OP medication (teriparatide or denosumab), depending on

the response to the initial bisphosphonate treatment

(change in BMD, new fractures) and with consideration of

rare risks, including jaw necrosis and atypical femur frac-

tures, which might increase with the duration of antire-

sorptive therapy. These are conditional recommendations.
Treatment if GCs are discontinued. For adults $40 years

of age who are treated with OP medication in addition to

calcium and vitamin D and are discontinuing GC treatment

(Table 4), discontinuation of the OP medication is recom-

mended if fracture risk at the time of GC discontinuation is

assessed to be low. Otherwise, the OP treatment course

should be completed or continued until the fracture risk is

Table 4. Recommendations for follow-up treatment for prevention of GIOP*

Adults age ‡40 years continuing GC treatment who have had a fracture that occurred after ‡18 months of treatment with an oral
bisphosphonate or who have had a significant loss of bone mineral density (‡10%/year)

Treat with another class of OP medication (teriparatide or denosumab; or, consider IV bisphosphonate if treatment failure is
judged to be due to poor absorption or poor medication adherence) with calcium and vitamin D over calcium and vitamin D
alone or over calcium and vitamin D and continued oral bisphosphonate.

Conditional recommendation because of very low-quality evidence comparing benefits and harms of the compared treatment

options in this clinical situation

Adults age ‡40 years who have completed 5 years of oral bisphosphonate treatment and who continue GC treatment and are
assessed to be at moderate-to-high risk of fracture

Continue active treatment (with an oral bisphosphonate beyond 5 years or switch to IV bisphosphonate [if concern with
regard to adherence or absorption] or switch to an OP treatment in another class) over calcium and vitamin D alone.

Conditional recommendation because of very low-quality data on benefits and harms in GC-treated patients, but moderate-quality

data in the general OP literature on benefits and harms of continuing treatment with oral bisphosphonates past 5 years for

people at high risk of fracture

Adults age ‡40 years taking an OP medication in addition to calcium and vitamin D who discontinue GC treatment and are
assessed to be at low risk of fracture

Discontinue the OP medication but continue calcium and vitamin D over continuing the OP medication.

Conditional recommendation made by expert consensus; evidence informing it too indirect for the population and very

low-quality

Adults age ‡40 years taking an OP medication in addition to calcium and vitamin D who discontinue GC treatment and are
assessed to be at moderate-to-high risk of fracture

Complete the treatment with the OP medication over discontinuing the OP medication.

Strong recommendation for high-risk patients based on expert consensus that patients who are at high risk should continue

an OP treatment in addition to calcium and vitamin D

Conditional recommendation for moderate-risk patients because of lower fracture risk compared to potential harms

* GIOP 5 glucocorticoid (GC)–induced osteoporosis; IV 5 intravenous.
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assessed to be low. Continuation of OP treatment in the set-
ting of high risk is a strong recommendation. The others are
conditional recommendations.

Application of these treatment recommendations.
These recommendations are made for average or typical
GC-treated patients. They may not be applicable to GC-
treated patients with multiple risk factors or feasible for
patients with financial or social barriers to testing and
treatment.

DISCUSSION

This report presents the updated ACR recommendations
for the prevention and treatment of osteoporosis and frac-
tures in patients receiving glucocorticoid treatment. The
goal is to optimize identification of patients at risk of GC-
induced fractures so that they can be appropriately treated
while limiting the risk and the burden of testing and treat-
ment. The guiding principle for these guidelines was to
use outcome measures that are clinically relevant to
patients and providers, so in decision-making, data about
absolute fracture risk reduction were given priority over
BMD changes. The recommendations on the order of first-
line treatments were based on the Voting Panel’s assess-
ment of antifracture efficacy, potential harms, and costs.
Thus, oral bisphosphonates were recommended as the
preferred first-line therapy in most clinical situations
given their antifracture benefit, safety, and low cost,
unless there are contraindications, intolerance, or con-
cerns about patient adherence to treatment.

Robust methodology was used in the literature search.
The Voting Panel had a broad representation of clinicians,
both primary care providers and subspecialists, with
experience in bone health and in prescribing GC medi-
cations. In addition, these guidelines include recommen-
dations for the assessment and reassessment of fracture
risk and antifracture therapy during GC treatment and for
special populations, such as children, people with organ
transplants, people receiving very high doses of GCs, and
women of childbearing potential.

There are limitations to these recommendations. First,
many important clinical situations could not be ad-
dressed given the limited scope of this guideline project.
Recommendations addressing initial assessment and reas-
sessment of fracture risk were made as good practice rec-
ommendations (36) because, although the Panel believes
that the benefits of proceeding according to the guidance
far outweigh the undesirable consequences, the sup-
porting evidence is indirect or not available, and the Panel
did not formally gather, summarize, or assess the relevant
evidence.

We adopted generally accepted thresholds to define
high, medium, and low levels of absolute risk of incident
fracture (i.e., ,10%, 10–19%, and $20% 10-year risk of
major osteoporotic fracture). These cut points were used to
stratify PICO questions and weigh potential benefits ver-
sus harms in those different clinical situations. However,
the application of these recommendations to a clinical set-
ting requires that the physician assign the individual

patient into a risk stratum. For adults age $40 years, this
can be accomplished using fracture risk calculators that
take the GC dose into account, such as the FRAX tool.
However, FRAX has important limitations. First, the frac-
ture risk generated when GC use is included as a risk fac-
tor estimates the risk that would be associated with
moderate-dose prednisone (2.5–7.5 mg/day). To accu-
rately estimate the risk associated with doses of .7.5 mg/
day, the clinician must multiply the risk of major osteopo-
rotic fracture and the risk of hip fracture generated with
the FRAX by 1.15 and by 1.2, respectively. This adjust-
ment may not adequately estimate the risk associated with
very high-dose GC use. FRAX uses hip BMD to calculate
fracture risk, but GC use has a greater impact on spine
BMD. For GC-treated patients with discordant spine and
hip BMD (with lower spine BMD), the Fracture Risk Cal-
culator, which includes spine BMD in absolute fracture
risk estimation, is available (https://riskcalculator.fore.
org). Finally, there is debate about the validity of FRAX
fracture risk estimates after pharmacologic treatment for
OP, which should be considered in the reassessment of
fracture risk in treated patients.

The available evidence about fracture risk and risk
reduction was particularly limited with regard to treat-
ment recommendations in adults ,40 years of age and
children, and there are no tools available to estimate abso-
lute fracture risk in these age groups. Younger people are
often treated with higher doses of GCs, but they have
higher bone mass and greater potential for recovery of
bone mass when the GC treatment is discontinued. To try
to better categorize fracture risk in adults ,40 years of age,
the Panel considered several risk factors as indicators of
moderate-to-high fracture risk—including history of previ-
ous fragility fracture, significant decrease in BMD, or low
BMD Z score with continued use of prednisone (limiting
the recovery of bone mass) at a dose of $7.5 mg/day for at
least 6 months—in patients ,40 years old, as well as in
patients $30 years old treated with very high doses of GCs
(initial prednisone dose $30 mg/day with a cumulative
dose of .5 gm) (15,18,21–25). The lack of data on long-
term outcomes with OP treatment in this age group may
lead to under- or overtreatment, but the possible benefits
to long-term bone health and the relatively low risks asso-
ciated with the recommended OP treatments led to the
recommendation of treatment with an oral bisphospho-
nate in addition to calcium and vitamin D. There is a need
for more research about absolute risk of fracture in this age
group during and after GC use and into later adult life.

Fracture data are very limited in GIOP-specific clinical
trials and population studies. Lacking these data, the rela-
tive fracture reduction associated with OP medications was
extrapolated from the risk reduction ascertained in clinical
trials of many different treatments for OP in general. While
this step introduced indirectness into the quality of evi-
dence for many PICO questions, it is reassuring that where
parallel data from GIOP and non-GIOP trials exist, the
derived relative risks for treatment effects from the same
intervention are often similar, indicating that the assump-
tion of generalizability may be reasonable (Supplementary
Appendix 3 [Summary of Findings Tables 1.4a/b/c, 1.9a/b/
c], available on the Arthritis Care & Research web site at
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http://onlinelibrary.wiley.com/doi/10.1002/acr.23279/abstract).
Imprecision in the estimate of benefits of treatment is

increased by these extrapolations. Future clinical trials in
GC-treated patients should include fracture as a primary
outcome measure.

The Panel faced low-quality evidence regarding the mag-
nitude of benefit GC-treated patients would require as a
tradeoff for assuming the burden and risks of treatment for

lowering fracture risk, particularly given the uncertainties
associated with estimates of benefit. Awareness of the need
to attain “minimally disruptive medicine” (55) has in-
creased in recent years, and many of the candidate patients
already bear the burden of multiple medications. This bur-

den may influence their willingness to tolerate yet addi-
tional treatment. The Panel’s assessment was that patients
would be willing to take calcium and vitamin D with only a
very small absolute risk reduction, that all or virtually all
would be willing to take bisphosphonates to achieve a
5-year absolute reduction in vertebral fracture risk of 5%,

and that most would choose to take oral bisphosphonates if
the fracture reduction were between $3% and ,5%.
Patients who value these small absolute reductions less
highly than the Panel estimated may decide against recom-
mended treatment after discussion of risks and benefits

with their providers.
There are concerns about the potential harms of calcium

and vitamin D supplementation with regard to cardiovas-
cular risks (56,57). Optimizing calcium intake, however,
may be even more important in GC-treated patients because
of the increase in urinary calcium excretion during GC use.

For this reason, the guidelines suggest optimizing dietary
intake of calcium. More research about the benefits and
harms of supplemental calcium and vitamin D in GC-
treated patients is needed.

Because of these limitations, most of the recommenda-
tions in this guideline are conditional or good clinical

practice recommendations. Further studies are needed to
examine differences in fracture risk in people with differ-
ent OP risk factors (age, race, and sex), the role of spine
imaging using vertebral fracture assessment with DXA or
radiography in assessing fracture risk in GC users, the risk

of OP medications to the fetus in women of childbearing
potential, and the impact of OP treatment versus no treat-
ment on adult bone health and fracture risk in GC-treated
children.

GIOP is not a problem that is unique to rheumatology;
GCs are widely prescribed by primary care providers and
subspecialists. The Panel’s judgments regarding patients’

values and preferences were informed by input from the
primary care physicians, non-rheumatology specialists,
and the patient who served on the Panel. This patient
highlighted the significant challenges that patients and
clinicians confront when making decisions about optimiz-

ing bone health during GC treatment of chronic inflamma-
tory conditions.
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