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Glucocorticoids remain a cornerstone of guideline-based
management of persistent asthma and allergic diseases.
Glucocorticoid-induced osteoporosis (GIO) is the most common
iatrogenic cause of secondary osteoporosis and an issue of
concern for physicians treating patients with inhaled or oral
glucocorticoids either continuously or intermittently. Patients
with GIO experience fragility fractures at better dual-energy
x-ray absorptiometry T-scores than those with postmenopausal
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or age-related osteoporosis. This might be explained, at least in
part, by the effects of glucocorticoids not only on osteoclasts
but also on osteoblasts and osteocytes. Effective options to
detect and manage GIO exist, and a management algorithm
has been published by the American College of Rheumatology
to provide treatment guidance for clinicians. This review will
summarize GIO epidemiology and pathophysiology and assess
the role of inhaled and oral glucocorticoids in asthmatic adults
and children, with particular emphasis on the effect of such
therapies on bone health. Lastly, we will review the American
College of Rheumatology GIO guidelines and discuss
diagnostic and therapeutic strategies to mitigate the risk of
GIO and fragility fractures. (J Allergy Clin Immunol
2013;132:1019-30.)

Key words: Glucocorticoid, inhaled and oral corticosteroid,
asthma, growth, osteoporosis, bisphosphonates

Glucocorticoids remain an effective therapeutic option com-
monly used by clinicians and researchers in the treatment of many
inflammatory and autoimmune diseases. However, moderate-to-
high doses of glucocorticoids have multiple adverse effects.' This
review will focus on glucocorticoid-induced osteoporosis (GIO),
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Abbreviations used
ACR: American College of Rheumatology
AFF: Atypical femur fracture
ASBMR: American Society for Bone Mineral Research
BDP: Beclomethasone dipropionate
BMD: Bone mineral density
CAMP: Childhood Asthma Management Program
DXA: Dual-energy x-ray absorptiometry
FDA: US Food and Drug Administration
GIO: Glucocorticoid-induced osteoporosis
ICS: Inhaled corticosteroid
LABA: Long-acting (3-agonist
OCS: Oral corticosteroid
OR: Odds ratio

outline the pathophysiology and epidemiology of GIO, summa-
rize the literature on the effect of inhaled and oral glucocorticoids
on bone health, and discuss the American College of Rheuma-
tology (ACR) guidelines for GIO management” and the
commentary on these guidelines by the American Society for
Bone and Mineral Research (ASBMR).?

GIO is the most common form of iatrogenic osteoporosis and
also the most common form of secondary osteoporosis™’ but
remains a complex and often confusing issue for clinicians
not intimately involved with osteoporosis treatment. Fragility
fractures, the negative consequence of osteoporosis, occur in
30% to 50% of patients taking long-term systemic glucocorti-
coids. Fracture risk increases markedly in the first 3 months after
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glucocorticoid initiation and decreases after discontinuing gluco-
corticoid therapy, but the risk appears to never return to baseline.
Hip fracture risk increases up to 7-fold and vertebral fracture risk
increases up to 17-fold with treatment with prednisone equivalent
doses of 10 to 12 mg/d for more than 3 months. Fracture risk appears
to be increased with prednisone doses as small as 2.5 to 3 mg/d.* "'
Vertebral fractures occur at higher bone mineral density (BMD)
values in those receiving glucocorticoids compared with nontreated
patients.” Hip and vertebral fractures are associated with significant
morbidity, reduced quality of life, mortality, and health care costs.'”

Limited data are available on the prevalence of GIO and
GIO-related fractures in children.'*' The incidence of vertebral
fractures in children with systemic autoimmune diseases
receiving glucocorticoids was estimated to be 6% after 1 year
of treatment.”” The relative fracture risk increases by approxi-
mately 30% but can be up to twice as high (humerus fractures)
in children receiving glucocorticoids (>4 courses of glucocorti-
coids per year) compared with the general pediatric population.'’
Thus, glucocorticoid therapy increases fracture risk in both
adults and children and is of clinical interest and importance to
physicians involved in the care of asthma and allergic diseases,
in which glucocorticoid use is fundamental to treatment.

OSTEOPOROSIS OVERVIEW

Osteoporosis is defined as follows: a systemic skeletal disease
characterized by low bone mass and microarchitectural
deterioration of bone tissue, resulting in increased bone fragility
and susceptibility to fracture. This definition highlights 4
important aspects. First, osteoporosis is systemic, affecting the
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FIG 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. Reproduced with permission from Weinstein.”
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TABLE I. Comparative daily dosages of ICSs

Low daily dose Medium daily High daily dose
child*/adult dose child*/adult child*/adult

BDP

HFA MDI 80-160/80-240 >160-320/>240-480 >320/>480
BUD

DPI 180-360/180-540  >360-720/>540-1080 >720/>1080

Nebules 500/UK 1000/UK 2000/UK
CIC

HFA MDI 80-160/160-320 >160-320/>320-640 >320/>640
FP

HFA MDI 88-176/88-264 176-352/264-440 >352/>440

DPIs 100-200/100-300 200-400/300-500 >400/>500
MF

DPI 110/220 220-440/440 >440/>440

Reproduced with permission from Stoloff and Kelly.”

BUD, Budesonide; CIC, ciclesonide; DPI, dry-powder inhaler; FP, fluticasone
propionate; HFA, hydrofluoroalkane; MDI, metered-dose inhaler; MF, mometasone
furoate.

*Five to 11 years of age (except for budesonide nebules: 2-11 years of age).

whole skeleton. Second, low bone mass or BMD is important but
not the sole defining factor. Third, the loss of structural integrity
known as microarchitectural deterioration is important to
emphasize because approximately 50% of patients with fragility
fractures do not have osteoporosis based on BMD (by using the
World Health Organization T-score criteria of —2.5).”" Finally,
the health risk associated with osteoporosis is the fragility
fracture. In the absence of fracture, osteoporosis is a “silent”
disease and similar to hypercholesterolemia, with patients
unaware of underlying poor bone quality. This concept is
important in daily clinical care and when discussing osteoporosis
with patients. It also explains why medications seeking regulatory
approval for osteoporosis are required to demonstrate fracture risk
reduction.

BONE ANATOMY AND PHYSIOLOGY

Bone is a multicomposite material that consists of cells
(osteocytes, osteoblasts, and osteoclasts), extracellular organic
components (collagen and noncollagenous matrix proteins), and
nonorganic components (calcium hydroxyapatite). Bone strength/
quality depends on all 3 factors. In adults, the body regionally
adjusts bone geometry, thickness, density, and other parameters to
meet forces that deform a particular bone.”* Current research
suggests that osteocytes are the main regulators of bone
remodeling. These cells are thought to sense mechanical load
and then stimulate or inhibit osteoclast and osteoblast activity.
Osteoclasts are responsible for bone resorption, whereas
osteoblasts are responsible for bone formation. Osteocytes also
have the capacity to detect microdamage in bone and initiate
bone repair in the damaged region, a process that occurs in all
bone.”” In patients with osteoporosis, abnormalities in regulation
of osteocytes, osteoblasts, and osteoclasts lead to a net loss of
bone strength/quality caused by changes in BMD, bone thickness,
and geometry. Osteoporosis medications ultimately work by
either altering osteoclast or osteoblast function.®

Glucocorticoids adversely affect bone strength/quality in a
number of ways.*®"'"*” Notably, GIO is characterized by
increased apoptosis of osteoblasts and osteocytes; decreased
osteoblastogenesis, resulting in decreased bone formation; and
disruption of bone remodeling regulation (Fig 1). Additionally,
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after initiation of glucocorticoid therapy, there is an early
and transient increase in bone resorption through enhanced
osteoclast survival and osteoclastogenesis, which later
changes to decreased osteoclastogenesis. The combination of
increased bone resorption, decreased bone formation, and
interruption of regulatory pathways explains, at least in part,
the observations of an early and rapid loss of BMD and bone
strength/quality in patients with GIO and also why fragility
fractures occur at higher BMD values than in patients with
non-GIO osteoporosis.™"!

Glucocorticoids also adversely affect muscle function and
mass by causing muscle catabolism through increased protein
degradation and decreased protein synthesis. Muscle weakness is
a well-known risk factor for increased balance problems and fall
risk, which, in turn, increase the risk for fragility fractures.”"'

GLUCOCORTICOID USE IN ASTHMATIC PATIENTS
AND ITS EFFECT ON BONE HEALTH

Asthma is an inflammatory disease of the airways character-
ized by variable airflow obstruction, bronchial hyperresponsive-
ness, and heterogeneity in its clinical presentation, level of
severity, and response to treatment. Although many therapies
improve symptomatic manifestations of asthma, few treatments
modify the underlying nature or course of the disease. For many
patients, the pathophysiology and inflammation associated with
asthma is determined by levels of T2 cytokines, the generation of
which is often sensitive to glucocorticoids. Many biologic
molecules, which target the various cytokine axes, particularly
anti-IL-4 and anti-IL-13 (dupilumab),”® IL-5 (mepolizu-
mab),*>** IL-13 (lebrikizumab),” and IL-17 (brodalumab),*
are being explored to improve asthma symptoms, prevent
exacerbations, and produce disease-modifying effects to reduce
the likelihood of side effects from glucocorticoids. Although
these approaches have shown promise in some circumstances,
other than omalizumab, mAbs have yet to be approved for general
clinical use in asthmatic patients.

Consequently, glucocorticoids continue to be (and will remain
so because of their effectiveness) a cornerstone of guideline-based
management of persistent asthma. Glucocorticoids, particularly
inhaled corticosteroids (ICSs), reduce airway inflammation,
prevent exacerbations, and abrogate many of the symptomatic
manifestations of asthma.?’ Oral corticosteroids (OCSs) are also
used in asthmatic patients but primarily for acute exacerbations
and as maintenance therapy in patients with more severe
symptoms. ICSs are particularly favored because they provide
targeted anti-inflammatory benefit to the airways without
subjecting patients to major systemic effects. However, ICSs are
not completely void of systemic or topical side effects at higher
doses in some patients.

ICSs and asthma

Expert Panel Report-3 guidelines recommend a stepwise
management of asthma. In children aged O to 4 years, low- to
medium-dose ICS monotherapy is recommended as the preferred
choice for persistent asthma for step 2 to step 3 management,
followed by medium- to high-dose ICSs in combination with
long-acting 3-agonist (LABA) or montelukast for step 4 to step 6
care. For children aged 5 to 11 years, low-dose ICS monotherapy
and then either medium-dose ICS or low-dose ICS plus LABA or
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TABLE Il. Pharmacodynamic/pharmacokinetic variables of ICSs*
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ICS Binding affinityt Systemic clearance (I/h) Half-life: (h) Oral bioavailability (%) Lung delivery (%)
BDP 13.5 120 2.7 40 50-60
BUD 9.4 84 2.8 11
DPI 15-30
Nebules 5-8
CIC 12 228 34 <1 50
FP MDI 18 66 7.8 <1 20
DPI 15
MF 23 53 5.0 <1 11

Reproduced with permission from Stoloff and Kelly.*

BUD, Budesonide; CIC, ciclesonide; DPI, dry-powder inhaler; FP, fluticasone propionate; MDI, metered-dose inhaler; MF, mometasone furoate.
*The values assigned to beclomethasone dipropionate and ciclesonide are for their active metabolites beclomethasone monopropionate and des-ciclesonide, respectively. Data
compiled from Weinstein’ and Van Staa et al® and the respective approved product information.

FReceptor binding affinities of ICS relative to dexamethasone equal to 1.
fSerum half-life after intravenous administration.

montelukast is the recommended therapy for step 2 and step 3
management, respectively, whereas medium- to high-dose ICSs
in combination with LABAs or montelukast are the preferred
choices for step 4 to step 6 care. In adults, ICSs, either as
monotherapy or in combination with LABAs, remain the
preferred choice of treatment for most patients with persistent
asthma (Expert Panel Report-3).

However, not all ICSs are equivalent in terms of potency
and efficacy. Compared with endogenous cortisol, various for-
mulations of ICSs possess an approximately 1000-fold greater
anti-inflammatory potential.*® To begin with, it might be helpful
to understand the comparable doses for various ICS formulations
and their categorizations that are available in the commercial
market (Table I).3 o

The chemical potency of individual preparations and the type
of inhaler device play an integral role in determining comparable
effects between various formulations. It is also important to
consider the systemic and topical bioavailability of these formu-
lations when assessing an ICS’s side effect profile (Table II).”**
In general and based on available data, there exists a log-linear
relationship between the dose and its response (direct or indirect)
for ICSs.*” Improvement in lung function indices (FEV), changes
in bronchial hyperresponsiveness, and rescue medication use are
indirect clinical measures of the ICS effects, whereas modulation
of inflammation (ie, changes in fraction of exhaled nitric oxide
values and sputum eosinophil counts) reflect direct markers of
airway inflammation.

ICSs and growth in children

Systemic adverse effects can and do occur as a result of ICS use
in both children and adults, reflect an effect on bone metabolism,
and include growth suppression and reduction in BMD. In
childhood, there are 3 principal growth phases: a nutrition-
dependent phase in infancy, a prepubertal phase dependent on
growth hormone secretion, and a pubertal phase. The mechanisms
by which corticosteroids affect these processes include stimula-
tion of hypothalamic somatostatin secretion to inhibition of
pulsatile release of growth hormone, downregulation of growth
hormone receptors and their binding activity, and a decrease in
insulin-like growth factor 1 levels. In prepubertal children, a
reduction in growth velocity for the first few years of therapy has
been found with low- to medium-dose ICS use, with an average
growth reduction of approximately 1 cm.***> The Childhood

Asthma Management Program (CAMP) compared the effects of
long-term use of 200 wg of budesonide twice daily, 4 mg of
nedocromil twice daily, and placebo in 1041 children. The
investigators initially concluded that although there was a
measurable decrement in growth velocity, there was not an
influence on eventual adult height. However, the same study
group, in their most recent follow-up assessment of the CAMP
study, concluded that there was a 1.2-cm (P = .001) reduction
in adult height achieved in the budesonide-treated group
compared with the placebo-treated group. In subgroup analyses
this height decrement was found to be particularly significant
for female patients, who had a reduction of 1.8 cm in height
(P =.001) and also for children who were younger at enrollment
(age, 5-8 years; —1.9 cm; P =.004). Finally, the effect was more
pronounced when a larger daily dose of ICS was used in the first 2
years of therapy.*®

The findings from CAMP are not universal, and other
retrospective studies to evaluate the effect of ICS use in childhood
on eventual adult height have not found similar results.””*" In one
study of 142 children who were treated with varying doses of
budesonide for approximately 9 years, no significant differences
in adult height were demonstrated when compared with predicted
height.”® In a small study of 24 asthmatic children aged 6 to
12 years, 40 to 160 pg/d inhaled ciclesonide had no effect on
short-term lower-leg growth rate.’’ Finally, a Cochrane review
compared intermittent versus daily ICSs in 532 children and
adults with asthma and suggested that there was a modest
suppression in growth (—0.41 cm) in the group treated daily
compared with those undergoing intermittent treatment.””
Collectively, these data suggest that a small yet clinically
significant and persistent growth retardation is possible with
long-term ICS use in childhood, even at low to medium doses.
However, these reassuring findings should be weighed carefully
against the potential for greater growth retardation that might
result should frequent asthma exacerbations occur by withholding
ICS therapy, thus necessitating frequent OCS bursts.

ICS use and BMD in children and adults

Although growth is of paramount importance for pediatricians,
bone density/quality and fragility fractures are a concern for both
adult and pediatric providers. A Cochrane systematic review on
the effect of ICSs on BMD in patients with asthma and mild
chronic obstructive pulmonary disease included 7 studies on 1989
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TABLE Illl. Risk factors for osteoporosis

Advanced age (>60 y)

Low body mass index (<24 kg/m?)

Underlying disease (RA, PMR, IBD, COPD, transplantation)

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

Glucocorticoid receptor genotype

Increased 113-HSDI expression

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

Low BMD

COPD, Chronic obstructive pulmonary disease; /BD, inflammatory bowel disease;
PMR, polymyalgia rheumatica; RA, rheumatoid arthritis.

subjects aged 30 to 52 years and found no evidence of increased
risk of BMD loss, bone turnover, or vertebral fractures (odds ratio
[OR], 1.87;95% CI, 0.5-7.03) in the ICS-treated group compared
with the placebo-treated group at 2 to 3 years’ follow-up. The
patients in this analysis were treated with conventional ICS doses
(0.2-4 mg/d beclomethasone equivalent) for 2 or 3 years.”
Another meta-analysis, which included 5 case-control studies of
43,783 patients who received ICSs and 259,936 control subjects,
found a 12% increase in nonvertebral fractures (OR, 1.12; 95%
CI, 1.00-1.26) for each 1000 pg/d increase in the dose of
beclomethasone dipropionate (BDP) or equivalent.”* A large
retrospective cohort study to evaluate the use of ICSs and fracture
risk included 170,818 subjects who used ICSs, 170,818 control
subjects, and 108,786 subjects who used a bronchodilator alone.
The findings indicated that the adjusted OR among ICS users
compared with control subjects for nonvertebral, hip, and
vertebral fractures to be 1.15, 1.22, and 1.51, respectively. No
differences in adjusted ORs were noted between the ICS- and
bronchodilator-treated groups. The authors suggested that the
increased risk in fractures might be due to the underlying
respiratory disease rather than the ICS use.”” Two additional
studies with patients who used high-dose BDP for 1 year revealed
variable effects: no significant change in BMD’® versus a
significantly lower BMD in the ICS-treated group.’’ Another
study concluded that a dose of 2000 wg/d BDP for 7 years is
associated with a BMD that is 1 SD lower than that seen in
patients receiving 200 wg/d for 1 year.”® Overall, the data for
the effect of ICSs on the BMD of adults demonstrate conflicting
results, with a trend toward diminished BMD and increased
fracture risk for patients receiving long-term moderate- to
high-dose ICS. Caution should be exercised, particularly in
patients who are already at increased risk for osteoporosis and
fractures at baseline (Table III).

The effect of ICSs on BMD in children is more complex, and the
outcomes are more variable. In a United Kingdom study of children
aged 4 to 17 years, the relative risk for a nonvertebral fracture
appeared to increase with larger daily doses of ICSs, with a relative
risk of 1.10 for an average beclomethasone dose of less than
200 g/d, 1.23 for doses of 201 to 400 pg/d, and 1.36 for doses of
greater than 400 pg/d. However, the excess risk disappeared after
adjusting for markers of asthma severity, suggesting that the
observed effect might be due partially to the respiratory disease
rather than ICS use alone.”” Another study of 48 asthmatic
prepubertal children revealed a reduction in BMD for those treated
with either BDP or budesonide.®® In contrast, the CAMP study
group concluded that no significant differences in BMD were noted
between budesonide or nedocromil or placebo therapy**; however,
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a small reduction in bone mineral accretion (without an
acco?lpanying risk for osteopenia) from ICS use was noted in
boys.

Another study of asthmatic children receiving long-term, high-
dose fluticasone propionate (average, 771.2 pg/d) showed no
significant changes in bone metabolism or BMD compared with
control subjects.”” A similar conclusion was observed by Gregson
et al® in children with moderate-to-severe asthma treated with
fluticasone propionate (200 pg/d) or BDP (400 pg/d) for 82
weeks, and neither dosing schedule had an effect on BMD.%
Overall, existing data suggest that the relationship between ICS
use and BMD in children is conflicting and confounded by
numerous other variables and awaits further evaluation.
Impairment of BMD as a result of HPA axis suppression from
long-term high-dose ICS use also requires further study.

OCS use in asthma and effect on growth

OCSs are an effective intervention to treat flares of many
immune-mediated diseases, including asthma exacerbations.
EPR-3 guidelines also recommend consideration of long-term
OCSs at step 6 care for severe persistent asthma. Contrary to the
experience with ICSs, the evidence for OCSs and their effects on
growth and BMD is unambiguous. Low doses of prednisone (2.5
and 5 mg/d) administered for a short duration (2 X 2 weeks) to
prepubertal asthmatic children significantly decreased short-term
leg growth (—0.64 and —0.54 mm/wk) when measured by means
of knemometry.®* A meta-analysis of 21 studies of 810 asthmatic
children concluded that there was a significant but weak tendency
for OCS use in asthmatic patients to be associated with growth
impairment.®” Additionally, in infants treated for hemangiomas,
Pope et al°® demonstrated that the long-term use of prednisone
(2 mg/kg/d for 3 months followed by a 6- to 9-m taper) resulted
in greater growth suppression than pulse dosing of corticosteroids
(30 mg/d X 3 days) administered monthly for 3 consecutive
months.”® In another study of children with severe asthma
receiving high-dose ICSs plus either intermittent, alternate, or
daily OCSs, significant growth suppression (SDs, —0.44,
—1.22, and —0.93, respectively) was noted with each OCS
regimen. The effect on growth was greater when the dosage of
prednisone exceeded 10 mg every other day.®’

OCS use in asthmatic patients and BMD in children
and adults

OCS use also has a more profound effect on BMD, leading to
osteoporosis and increasing the fracture risk for adults, 8 10-11.68
This relationship is less definitive and more variable in children.
The CAMP study evaluated a cohort of children aged 5 to 12
years with mild-to-moderate asthma. In boys, OCS use, when
administered as bursts, was found to adversely affect bone
mineral accretion in a dose-dependent manner and posed an
increased risk (10%, 14%, and 21%, respectively; P = .02) of
osteopenia for 0, 1 to 4, and 5 or more courses of prednisone.
As noted previously, a smaller decrease in bone mineral accretion
was noted in boys with long-term ICS use but without an
increased risk for osteopenia.’’ The previously mentioned study
by Covar et al®’ in children with severe asthma revealed lower
zscores (—0.7, —0.98, and —1.26, respectively) for intermittent,
alternate, and daily OCS use. The risk for osteopenia was
significantly greater in children who received more than 10 mg
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TABLE IV. Recommendations on counseling for lifestyle
modification and assessment of patients starting glucocorti-
coids at any dose with an anticipated duration of 3 months or
greater

Level of

Recommendation evidence

Weight-bearing activities

Smoking cessation

Avoidance of excessive alcohol intake (>2 drinks per day)

Nutritional counseling on calcium and vitamin D intake

Fall risk assessment

Baseline dual x-ray absorptiometry

Serum 25-hydroxyvitamin D level

Baseline height

Assessment of prevalent fragility fractures

Consider radiographic imaging of the spine or vertebral
fracture assessment for those initiating or currently
receiving prednisone >5 mg/d or its equivalent

Calcium intake (supplement plus oral intake) 1200-1500 mg/d* A

Vitamin D supplementation A

oloNoNoNoNoNoNoNOoNe!

Reproduced with permission from Grossman et al.”
*Recommendations for calcium and vitamin D supplementation are for any dose or
duration of glucocorticoids rather than a duration of greater than 3 months.

of prednisone every other day compared with lower doses
(69% vs 21%, P < .003) and was also highly correlated with
growth suppression. Another cross-sectional ~study® on
prepubertal asthmatic children revealed a significantly lower
weight-adjusted lumbar spine BMD in patients treated with
high-dose ICSs plus intermittent doses of OCSs compared with
ICS treatment alone (mean difference, 0.06 g/cm2; 95% CI,
—0.02 to —0.10). In contrast, a cross-sectional study of children
aged 2 to 17 years found no difference in BMD z scores with
repeated short bursts of systemic corticosteroids compared with
z scores in those who did not receive this treatment.””

In asthmatic adults, a decrease in BMD was observed in
patients receiving frequent OCS bursts.”’ A similar result, as well
as an increased risk for vertebral osteoporosis, was found in a
study of older men with either chronic obstructive pulmonary
disease or asthma who received either OCSs or ICSs.”” In a study
of 53 asthmatic adults treated long-term with high-dose ICSs
(budesonide or beclomethasone, 1.5 g/d for >12 months) with
or without prior OCS use, lumbar spine and proximal femur
BMDs were 1 SD lower for those taking OCSs or high-dose
ICSs, which roughly equates to a doubling of the risk of
fracture at these sites.”” In summary, chronic and perhaps even
intermittent use of OCSs has the potential to cause a decrease
in BMD and increase the risk for osteoporosis and fractures in
both children and adults. Therefore it is incumbent on every
clinician to carefully weigh the potential benefit (preventing the
loss of asthma control) against this risk before opting to prescribe
long-term or short-term OCS therapy.

REVIEW OF THE 2010 ACR GIO GUIDELINES

In 2010, the ACR updated its recommendations on GIO
managementz; this revision has led to “a more targeted, but
more complicated” guideline.”* The American Society for Bone
and Mineral Research (ASBMR) professional practice committee
reviewed these guidelines and made suggestions to simplify some
of the recommendations.’
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The ACR panel agreed that the management of GIO requires a
multifaceted strategy that attempts to optimize all possible risk
factors involved. Lifestyle modifications were recommended for
all patients starting glucocorticoids at any dose for 3 or more
months (Table IV).” It should be noted that apart from vitamin D
and calcium supplementation, all recommendations have an
evidence grade of C. Recently, intense debate regarding calcium
and vitamin D supplementation has developed, which has caused
confusion among patients and health care providers, but this will
not be discussed here. However, it is our opinion that health care
providers should ensure adequate calcium and vitamin D intake
for all patients, regardless of the dose and duration of glucocorti-
coid use, as recommended by the ACR. Recognizing the
controversial nature of these topics, the National Osteoporosis
Foundation recommendations of approximately 1200 mg of
calcium and 800 to 1000 IU of vitamin D daily seem reasonable.

According to the ACR GIO guidelines, adding a pharmaco-
logic agent for GIO should be considered if glucocorticoid
therapy is anticipated to be longer than 3 months. It is important
to highlight that pharmacologic GIO treatment, if indicated,
should start at the time when glucocorticoids are initiated and not
once the patient has already received this therapy for 3 months.
The decision on whether to start additional pharmacologic
therapy for GIO if a glucocorticoid course of 3 months or more
is anticipated should be based on 3 factors: (1) postmenopausal
status for female patients or age greater than 50 years for male
patients, (2) dose of glucocorticoid to be used, and (3) fracture
risk calculated by using FRAX. The FRAX tool is an online
resource (http://www.shef.ac.uk/FRAX) that was developed by
the World Health Organization to estimate the 10-year absolute
fracture risk based on clinical risk factors and BMD, if available.
It predicts fragility fracture risk better than BMD alone.

In the ACR algorithm, the first decision point is whether the
patient is postmenopausal (female patients) or 50 years and
older (male patients). For premenopausal female patients and
male patients younger than 50 years and children, only limited
evidence exists. For premenopausal women and men younger
than 50 years, the initial determination is whether the patient
already has a fragility fracture (Fig 2). This assessment might
include thoracic and lumbar spine radiographs or vertebral
fracture assessment that can be done with the dual-energy x-
ray absorptiometry (DXA) scan.”’””"” “Screening” for verte-
bral fractures in certain older adults is recommended by the
National Osteoporosis Foundation in their 2013 “Clinician’s
guide.”"”

In premenopausal women and younger men without fragility
fractures, the ACR committee found inadequate evidence on
which to base a recommendation, and it is up to the health care
provider to have a discussion with the patient regarding the
benefits and risks of pharmacologic osteoporosis therapy. If
there is a prevalent fragility fracture, the overall recommenda-
tion is to initiate pharmacologic therapy. For female patients, it
is important to determine whether they are of child-bearing age
because there is concern that bisphosphonates can adversely
affect pregnancies.”® ™’ Bisphosphates have a US Food and
Drug Administration (FDA) category C pregnancy risk. As a
consequence, there was no consensus from the ACR panel
whether pharmacologic therapy is recommended in those
receiving doses of less than 7.5 mg daily of prednisone and in
those receiving treatment (>7.5 mg) for less than 3 months.
Zoledronic acid should not be used in this group. The ACR
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No prevalent
fragility fracture

Inadequate data for
recommendation

Counsel and

Glucocorticoids
1---3 months
« if pred >5 mg/day:

assess risk factors
of those starting
or on prevalent
glucocorticoid

‘Women
(nonchildbearing potential)
or
men age <50 years

alendronate or
risedronate

therapy
(refer to Table 2)

Prevalent fra /
fracture \

" OR
e if pred >7.5 mg/day:
zoledronic acid
Glucocorticoids
>3 months

alendronate OR
risedronate OR
zoledronic acid OR
teriparatide

Monitor patients
on prevalent
glucocorticoid
therapy
(refer to Table 2)

1---3 months
No consensus

‘Women
(childbearing potential)

N\

Glucocorticoids

>3 months
alendronate if pred
>7.5 mg/day OR
* risedronate if pred
>7.5 mg/day OR
« teriparatide if pred
>7.5 mg/day
* pred <7.5 mg daily:
no consensus

J

FIG 2. Approach to premenopausal women and men aged less than 50 years initiating or receiving
glucocorticoid therapy. pred, Prednisone. Reproduced with permission from Grossman et al.?

TABLE V. Treatment of premenopausal infertile women and men less than 50 years of age

No prevalent fracture

Prevalent fracture

Prednisone <3 mo Prednisone >3 mo

ASBMR PPC*
in BMD related to glucocorticoid therapy

Comparison with ACR
guidelines?

Consider therapy if z score —2.0 or significant decrease

ACR committee found inadequate data for this subgroup

Bisphosphonatef Bisphosphonate or
teriparatide
ACR committee Agreement

recommended zoledronate only
if prednisone dose >7.5 mg/d

Reproduced with permission from Hansen et al.’
*Consensus of the ASBMR Professional Practice Committee.

fTreatment with alendronate, risedronate, or zoledronate, which are all FDA approved for the treatment of GIO.

TACR 2010 guidelines for the prevention and treatment of GIO.

panel did recommend teriparatide as an alternative treatment
agent in premenopausal female patients who are not of child-
bearing age and male patients younger than 50 years. They
did not make this recommendation for female patients who
are fertile.

The ASBMR panel reviewed the ACR guidelines and sug-
gested that treatment should also be considered in those with
BMD z scores of less than —2.0 and in those with a significant de-
crease in BMD related to glucocorticoid treatment (Tables V and
VI).” They also suggested that teriparatide could be considered as
an alternative in this population.” It should be noted that teripara-
tide also has FDA category C pregnancy risk and that contracep-
tion is recommended for all pharmacologic osteoporosis
treatments.’

Pharmacologic treatment of GIO in children is even more
controversial because of inadequate data.'*'**" There is expert
consensus that children and adolescents who are at increased
risk for fragility fractures should be identified."” As noted ear-
lier, children who receive glucocorticoids are at higher fragility
fracture risk. However, no clear guidelines exist on how these

patients should be identified and what the evaluation for fracture
risk should entail. BMD and previous vertebral fracture can be
assessed with DXA technology.82 Interpretation of these results
is difficult and does not easily translate into management
decisions.'*'*#!83 Practically speaking, it is our opinion that
all children and adolescents receiving glucocorticoids should
have a review of their bone health (ie, monitoring of growth
and review of possible fragility fractures) and provision of
adequate calcium and vitamin D. For those with a higher frac-
ture risk (long-term and/or high-dose glucocorticoid use, preva-
lent fragility/low trauma fractures, or growth problems), further
evaluation might be indicated, which could include BMD
measurements and assessments for vertebral fractures. No
pharmacologic therapy has been approved for the treatment of
fragility fractures/osteoporosis in children and adolescents.
Bisphosphonates have been used successfully in these age
groups to treat secondary osteoporosis, such as GIO, and other
diseases, such as osteogenesis imperfecta.81 However, concerns
remain about the long-term safety (because these agents are de-
posited in bone) and efficacy because only limited data are
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TABLE VI. Treatment of premenopausal fertile women
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No prevalent fracture

Prevalent fracture

Prednisone <3 mo Prednisone >3 mo

ASBMR PPC* Consider therapy if z score <—2.0 or significant
decrease in BMD related to ongoing

glucocorticoid therapy

Comparison with ACR
guidelines}

ACR committee found inadequate data for this
subgroup

Little data to support therapy Preference for short-acting drugs,
such as teriparatide or denosumab

instead of bisphosphonates

Agreement No consensus if prednisone dose
<7.5 mg/d; alendronate, risedronate,
or zoledronate (not teriparatide)

if prednisone dose >7.5 mg/d

Reproduced with permission from Hansen et al.” Contraception is recommended for all fertile women, regardless of which therapy is chosen.

*Consensus of the ASBMR Professional Practice Committee.

fTreatment with alendronate, risedronate, or zoledronate, which are all FDA approved for the treatment of GIO.

TACR 2010 guidelines for the prevention and treatment of GIO.

Counsel and assess risk factors of those
starting or on prevalent glucocorticoid therapy
(refer to Table 1)

Determine Patient Risk Category
(refer to Figure 2 and/or FRAX score)

Low Risk*
« If glucocorticoids <7.5 mg/day:
no pharmacologic treatment
recommended
« If glucocorticoids >7.5 mg/day:
alendronate, risedronate, or

zoledronic acid

Medium Risk*
« If glucocorticoids <7.5 mg/day:
alendronate or risedronate
« If glucocorticoids >7.5 mg/day:
alendronate, risedronate, or
zoledronic acid

High Risk
« If glucocorticoids <5 mg/day for <1
month: alendronate, risedronate, or
zoledronic acid
« If glucocorticoids >5 mg/day for <1
month or any dose of glucocorticoids
used for >1 month: alendronate,

risedronate, zoledronic acid, or
teriparatide

Monitor patients on prevalent glucocorticoid therapy
(refer to Table 2)

FIG 3. Approach to postmenopausal women and men aged greater than 50 years initiating or receiving
glucocorticoid therapy. *For low- and medium-risk patients, recommendations are for an anticipated or
prevalent duration of 3 or more months of glucocorticoids. Reproduced with permission from Grossman et al.?

available.®*®> For now, their use should be restricted to those

patients with high fracture risk (patients with prevalent fragility
fractures and low BMD) and not used as standard
therapy.m’lj"xs’%

The ACR recommendations for management of GIO in
postmenopausal female patients and male patients older than
50 years should be based on FRAX risk and glucocorticoid doses
with thresholds of 7.5 mg of prednisone (or equivalent) for the
low- and medium-risk categories and 5 mg of prednisone
(equivalent) for the high-risk category. The FRAX absolute
fracture risk thresholds suggested by the ACR panel are less
than 10% for low risk, 10% to 20% for medium risk, and greater
than 20% for high risk (Fig 3). No pharmacologic intervention is
suggested in a low-risk patient with glucocorticoid dosing of less
than 7.5 mg of prednisone. If dosing exceeds 7.5 mg of
prednisone, bisphosphonate therapy is recommended for all risk
groups and dosing. With regard to individual bisphosphonates,
the strength of evidence to recommend alendronate and
risedronate is superior to that of zoledronic acid and not necessar-
ily because zoledronic acid is less potent but because there is
insufficient evidence available. Teriparatide (recombinant
parathyroid hormone) could be substituted for a bisphosphonate

in a high-risk patient taking a glucocorticoid dose of
greater than 5 mg/d prednisone for less than 1 month or any
glucocorticoid dose for greater than 1 month. A summary of
ACR/ASBMR-recommended medications for GIO is shown in
Table VII.

The Professional Practice Committee of the ASBMR largely
agreed with the ACR recommendations for postmenopausal
female patients and male patients older than 50 years, with
some subtle variations for the medium- and high-risk populations;
these modifications make the management approach more
straightforward. They recommend treatment with a bisphospho-
nate (alendronate, risedronate, or zoledronate) for those with a
medium risk and treatment with any bisphosphonate or teripara-
tide for those at high risk, regardless of the glucocorticoid
treatment duration and regardless of whether the glucocorticoid
dose is greater than or less than 7.5 mg/d prednisone (equivalent;
Table VHI).3 The ACR panel did not include denosumab, a
humanized mAb to the receptor activator of nuclear factor kB
ligand, in their recommendations because it has not yet been
approved for GIO. However, it is approved by the FDA for the
prevention of fractures in postmenopausal women with osteopo-
rosis. The ASBMR task force believed that denosumab could
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TABLE VII. ACR/ASBMR-recommended pharmacotherapy for GIO
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Medication Dosage/route

Side effects/notes

Alendronate
Risedronate
Zoledronic acid

70 mg by mouth weekly
35 mg by mouth weekly, 150 mg by mouth monthly
5 mg/y administered intravenously

Teriparatide
Denosumab*

20 wg/d administered subcutaneously
60 mg every 6 mo administered subcutaneously

Dyspepsia, abdominal pain, musculoskeletal pain

Rash, abdominal pain, dyspepsia, diarrhea, arthralgia

Acute inflammatory reaction (flu-like symptoms, fever, myalgia)
within 3 d of infusion; hypotension, fatigue, eye inflammation,
nausea, vomiting, abdominal pain

Transient hypercalcemia, nausea, rhinitis, arthralgia, pain

Dermatitis, rash, mild bone/muscle pain, UTIs; can use in patients
with CrCl <30 mL/min

CrCl, Creatinine clearance; UTI, urinary tract infection.
*Not approved by the FDA for GIO.

TABLE VIII. Treatment of postmenopausal women and men older than 50 years

Low risk Medium risk High risk
ASBMR RPC* Prednisone <7.5 mg/d: if no therapy given, Bisphosphonate BisphosphonateT or teriparatide
monitor closely for prevalent fracture and
decrease in BMD
Prednisone >7.5 mg/d: bisphosphonatef
Comparison Agreement ACR recommend zoledronate only in ACR recommended teriparatide
with ACR} patients taking >7.5 mg/d prednisone only in patients taking

glucocorticoids >1 mo or >5 mg/d
for <1 mo

Reproduced with permission from Hansen et al.’
*Consensus of the ASBMR Professional Practice Committee.

fTreatment with alendronate, risedronate, or zoledronate, which are all FDA approved for the treatment of GIO.

TACR 2010 guidelines for the prevention and treatment of GIO.

TABLE IX. Simplified algorithm for GIO management

Premenopausal patients/male patients,

age <50 y

Postmenopausal patients/male patients,
age >50 y

Glucocorticoid dose

Premenopausal female,

Fragility (prednisone equivalent, Premenopausal  non-child bearing/male  Low FRAX risk  Medium FRAX risk  High FRAX risk

fracture status  treatment >3 mo duration) female, fertilet patients age <50 y (<10%) (10% to 20%) (>20%)

Yes <5-7.5 mg/d No* Yes Yes Yes Yes
>5-7.5 mg/d Yes Yes Yes Yes Yes

No <5-7.5 mg/d No* No* No No* Yes
>5-7.5 mg/d No* Yes Yes Yes Yes

Yes indicates “treat with pharmacologic osteoporosis therapy in addition to adequate calcium and vitamin D intake and regular exercise.” No indicates “treat with adequate calcium

and vitamin D intake and regular exercise alone.”

*The decision not to treat with pharmacologic osteoporosis therapy should be based on the absence of additional factors, such as a significant decrease in BMD on serial DXA
assessments, frequent falls, low z scores (for premenopausal female patients/male patients aged <50 years), abnormal bone turnover markers, and number of fractures, as well as the

patient’s preference. Referral to an osteoporosis specialist should be considered.

FContraception is recommended for all fertile women if pharmacologic osteoporosis therapy is being considered.
1Add pharmacologic osteoporosis therapy regardless of the dose and length of glucocorticoid treatment.

be used for GIO based on a trial in patients with rheumatoid
arthritis treated with or without glucocorticoids.®’

An attempt to simplify the complicated ACR recommendations
is depicted in Table IX. We recommend that most patients with a
fragility fracture, a glucocorticoid dose of 5 to 7.5 mg/d
(prednisone equivalent) or greater, or both receive pharmacologic
osteoporosis therapy in addition to adequate calcium and vitamin
D intake. However, this is more complicated in premenopausal
fertile female patients. In this group and in patients receiving
prednisone (equivalent) doses of less than 5 to 7.5 mg/d, the
decision to add a pharmacologic agent often depends on
additional factors that might increase or decrease the risk for
fragility fractures, as well as the patient’s preference. These

patients are commonly referred to an osteoporosis specialist for
help with the management of their bone health.

Monitoring of GIO

To monitor for GIO, the ACR panel recommends numerous
options for patients receiving protracted glucocorticoid therapy
(Table X).”

It is our opinion that a DXA could be initially repeated after
1 year of GIO treatment and every 24 months thereafter in those
with moderate and high fracture risk. However, it might be
possible to obtain DXAs less frequently in those with low fracture
risk, normal BMD, and stability of BMD.
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TABLE X. Recommended monitoring for patients receiving
prevalent glucocorticoid therapy for a duration of 3 months or
greater

Level of
Recommendation evidence
Consider serial BMD testing C
Consider annual serum 25-hydroxyvitamin D measurement C
Annual height measurement C
Assessment of incident fragility fracture C
Assessment of osteoporosis medication compliance C

Reproduced with permission from Grossman et al.”

AREAS OF UNCERTAINTY AND CONTROVERSY IN
THE TREATMENT OF OSTEOPOROSIS
Management of patients receiving ICSs

Both the ACR panel and ASBMR Professional Practice
Committee believed that there were insufficient data to make
specific recommendations for children or adults receiving ICSs.”*
On the basis of current evidence, an increased fracture risk might
exist from taking moderate-to-high doses of ICSs. However, it is
currently difficult to establish similar dose or duration thresholds
for ICSs as recommended for OCSs. For postmenopausal women
and older male patients, it is possible to determine the FRAX frac-
ture risk and then place patients in risk categories. Patients in the
high-risk category should receive pharmacologic treatment,
whereas patients in the moderate and low categories might not
need treatment. It is our opinion that most attention should be
paid to prevalent fragility fractures. Having had a fragility frac-
ture, regardless of age, sex, type, dose, or length of glucocorticoid
therapy, should encourage the health care provider to determine
the risk for future fractures, recommend lifestyle modifications,
and consider pharmacologic osteoporosis therapy. Until more
data are available to more fully assess the effect of ICSs on
fractures, this approach, in our opinion, is a reasonable pathway
to start addressing GIO in those receiving ICSs.

Rare but serious side effects of antiresorptive
osteoporosis medications

Bisphosphonates significantly reduce fracture risk in both
patients with GIO and patients with postmenopausal/age-related
osteoporosis. Depending on the fracture site, length of study, and
type of bisphosphonate, the fracture risk reduction ranges from
approximately 30% to approximately 70%. It is very important
that the prescribing clinician reviews not only the importance of
taking oral bisphosphonates correctly but also the side effects of
this class of medications with their patients. Common side effects
of oral bisphosphonates are gastrointestinal. Common side effects
for intravenous bisphosphonates, such as zoledronate, are flu-like
symptoms for a few days after the infusion; these symptoms (eg,
fever and myalgia) do not reflect a medication allergy but rather
release of inflammatory cytokines. Rare but widely appreciated
serious side effects include osteonecrosis of the jaw and atypical
femur fractures (AFFs). Current evidence suggests that there is an
association between long-term bisphosphonate use and these 2
entities. If they occur, they can lead to significant morbidity and
decreased quality of life for the patient. The ASMBR has
published task force reports on both topics.*** Osteonecrosis
of the jaw is estimated to be rare for patients receiving
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osteoporosis doses of bisphosphonate therapy
cently been observed in patients treated with denosumab
Subtrochanteric femur fractures occur in patients who have never
been treated with bisphosphonates but appear to be more common
after long-term use of bisphosphonates (in addition to other risk
factors, including glucocorticoid use) and have certain features
that set them apart.*® Controversy remains whether there is a
causal relationship between bisphosphonates and AFFs. The
ASBMR recently revised the case definition of an AFF.*® The
risk of having an AFF is related to a number of factors, including
lengthgcg)f treatment, and ranges from 3.2 to 100 per 100,000 patient
years.

CONCLUSION

GIO is an important concern for clinicians treating patients
with ICS or OCS therapy, either continuously or intermittently.
There is good evidence that oral glucocorticoids, especially when
used for more than 3 months and at doses of greater than 5 to 7.5
mg/d prednisone (or equivalent), increase the risk for fragility
fractures. The current evidence is less clear on the relationship of
ICSs and fragility fractures, but there is concern that moderate-to-
high doses of these forms of glucocorticoids decrease BMD,
increase fragility fracture risk, and have a potentially negative
effect on growth and adult height attained. To summarize and
simplify the approach to the management of GIO, we recommend
that all patients receive adequate calcium and vitamin D intake, as
outlined in the ACR guidelines, and most patients with a fragility
fracture, a glucocorticoid dose of 5 to 7.5 mg/d (prednisone
equivalent) or greater, or both should receive pharmacologic
osteoporosis therapy. In premenopausal female or male patients
less than age 50 years without a fracture, a prednisone (equiva-
lent) dose of 5 to 7.5 mg/d, or both, the decision to treat is more
complex and needs to be based on additional factors influencing
the risk for fragility fractures and the patient’s preference.
Additionally, it is our opinion that these recommendations could
also be used for adults and children treated with ICSs. In cases
without a clear management decision, consultation with an
osteoporosis specialist might be helpful.

What do we know?
o Osteoporosis is a complication of systemic corticosteroids,
a commonly used medication in the treatment of asthma.

o Risk factors for osteoporosis are known, and approaches
to monitor for loss of bone mineral content are available.

o There are a number of treatment approaches for osteoporosis.
What is still unknown?

o What are the risks for osteoporosis with ICSs in asthmatic
patients?

o What measures should clinicians involved in asthma care
follow to prevent osteoporosis, detect osteoporosis, or both?

o What treatment options are available to the asthma clini-
cian in the prevention, treatment, or both of osteoporosis?
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