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Abstract

The skeletal effects of inhaled glucocorticoids are poorly understood. Children with asthma treated
with inhaled glucocorticoids have lower growth velocity, bone density, and adult height. Studies of
adults with asthma have reported variable effects on BMD, although prospective studies have
demonstrated bone loss after initiation of inhaled glucocorticoids in premenopausal women. There
is a dose response relationship between inhaled glucocorticoids and fracture risk in asthmatics; the
risk of vertebral and non-vertebral fractures is greater in subjects treated with the highest doses in
the majority of studies. Patients with COPD have lower BMD and higher fracture rates compared
to controls, however, the majority of studies have not found an additional detrimental effect of
inhaled glucocorticoids on bone. While the evidence is not conclusive, it supports using the lowest
possible dose of inhaled glucocorticoids to treat patients with asthma and COPD and highlights
the need for further research on this topic.
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Introduction

While the deleterious effects of oral and intravenous glucocorticoids on bone are well
recognized, far less is known about whether, and to what extent inhaled glucocorticoids have
skeletal consequences. Given the prevalence and often chronic nature of inhaled
glucocorticoid use, it is important to understand the potential adverse effects of these
medications. There are currently close to 40 million people with asthma and chronic
obstructive pulmonary disease (COPD) in the Unites States, and the prevalence of these
diseases is rising [1-4]. Over 10 million individuals with asthma use inhaled glucocorticoids
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[5-7]. Although inhaled glucocorticoid use is more intermittent among COPD patients,
approximately 39%-50% report some use of these medications [8].

Glucocorticoid-induced osteoporosis, specifically related to oral and intravenous
glucocorticoids, is the most common secondary cause of osteoporosis. These medications
profoundly decrease bone formation by decreasing osteoblast number and function, both
inhibiting differentiation and increasing apoptosis [9, 10]. They reduce osteocyte viability,
and may adversely affect osteocyte function by increasing the size of osteocyte lacunae, and
decrease the mineralization and strength of surrounding bone [10-12]. Systemic
glucocorticoids may also adversely affect bone through increased urinary calcium losses,
decreased intestinal calcium absorption and hypogonadism [13]. Bone loss and fracture risk
are directly associated with dose and duration of use [14, 15], and occur as early as 3 to 6
months after initiation of oral glucocorticoid therapy [16]. Patients who use oral
glucocorticoids have a greater risk of fracture than untreated individuals who have similar
areal bone mineral density (BMD) measured by dual energy x-ray absorptiometry (DXA)
[17]. This finding suggests that factors other than areal BMD are important determinants of
fragility in glucocorticoid treated patients. Recent work has demonstrated that
postmenopausal women using oral glucocorticoids have lower volumetric BMD, worse
microarchitecture and lower strength by high resolution peripheral CT compared to controls
despite similar areal BMD by DXA [18].

Whether the effects of inhaled glucocorticoids differ from those of oral and intravenous
glucocorticoids is not known. Although systemic absorption with inhaled glucocorticoids is
less than oral glucocorticoids, it does occur. After inhalation, 80-90% of the inhaled
glucocorticoid dose is swallowed and inactivated by hepatic first pass metabolism. The
remaining 10-20% enters the lung, where it acts locally and then is absorbed into systemic
circulation [19]. The newer generation inhaled glucocorticoids have higher potency with
stronger affinity for glucocorticoid receptors in the lungs, thus contributing to increased
absorption through the pulmonary circulation. Several studies of commonly prescribed
inhaled glucocorticoid medications have documented measurable serum levels after
administration. Therefore, through systemic absorption, IGCs could result in potentially
similar effects to oral and intravenous glucocorticoids. Some studies that have compared the
effects of both oral and inhaled glucocorticoids have found lower fracture rates in inhaled
glucocorticoid treated subjects, although others have found similar effects with either
therapy [20-24]. Comparisons of the two therapies are limited because of overlap between
groups.

This update will review the most recent research into the skeletal effects of inhaled
glucocorticoid therapy on bone health for patients with asthma and COPD and highlight the
gaps in our existing knowledge. Several factors are important to consider when interpreting
the available literature on the skeletal effects of inhaled glucocorticoids. Several studies have
combined patients with asthma and COPD. This confounds the results as COPD has
independent skeletal effects [25, 26]. Adherence to inhaled glucocorticoids is a common
issue [27]. Most data is observational and there are very few randomized clinical trials.
Often patients who use inhaled glucocorticoids also receive intermittent oral or even
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intravenous glucocorticoids complicating interpretation of the results. Changes in health and
mobility with initiation of inhaled glucocorticoid treatment can also confound results.

Effects of Inhaled Glucocorticoids on Fracture in Studies Combining
Subjects with Asthma and COPD

Several large systematic analyses have studied the effects of inhaled glucocorticoids on bone
in populations that included both asthma and COPD patients with conflicting results. Jones
et al. evaluated in patients treated for two to three years with conventional treatment doses of
inhaled glucocorticoids [28]. They found no increase in risk of vertebral fractures. This
finding was supported by a case-control study by de Vries et al., which found no increase in
hip or femur fracture risk in COPD and asthma patients using inhaled glucocorticoids after
controlling for disease severity and use of oral glucocorticoids [20].

Several authors have found a dose response relationship between inhaled glucocorticoid use
and fracture risk. In a nested case control study, Suissa et al. did not find an increased risk of
upper extremity or hip fracture in elderly subjects using inhaled glucocorticoids in low doses
[29]. However, the risk of upper extremity fractures increased by 12% with every 1000
microgram increase in daily inhaled glucocorticoid dose. In subjects followed for more than
8 years, increased risk of hip fracture was seen in those using daily doses of over 2000
micrograms (RR 1.61, 95% CI 1.04-2.50). Similarly, a population based case-control study
observed a small but significant increase in hip fractures in IGC users (OR 1.19, 95% ClI
1.10-1.28) after adjusting for oral glucocorticoid courses as well as a greater risk at higher
doses [30]. A longitudinal cohort study that followed patients for over nine years and found
a relative risk of 2.53 (95% ClI: 1.65-3.89) in those subjects whose mean daily doses
exceeded 600 micrograms [31]. Two recent systematic reviews also found similar dose-
response relationships between inhaled glucocorticoids and fracture risk [32, 33]. Mattishent
et al. and calculated the number need to treat for harm due to fracture with IGC as 83
patients after 3 years of use *[33]. These data indicate that, as seen with oral
glucocorticoids, dose and duration of treatment may be important determinants of fractures
in inhaled glucocorticoid treated individuals.

Skeletal Effects of Inhaled Glucocorticoids in Pediatric Asthmatic Patients

Asthma is the most common chronic disease of childhood. There are over 6.2 million
children with asthma in the United States and the prevalence is rising [5, 34]. Inhaled
glucocorticoids are currently the first-line treatment for persistent asthma in both children
and adults, with clear, demonstrated benefits to controlling asthma symptoms, improving
quality of life, and reducing airway inflammation, hospitalizations, and asthma-related
deaths [35]. The average age of an asthma diagnosis is 2.6 years [36]. Initiation of inhaled
glucocorticoids at a young age has potential effects on bone accrual, peak bone mass and
growth in addition to the cumulative lifetime effects of these medications. Of concern are
recent studies in pediatric populations, which have demonstrated detrimental effects of these
medications on bone growth and density [35, 37, 38].

Curr Osteoporos Rep. Author manuscript; available in PMC 2017 June 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Sutter and Stein

Page 4

A meta-analysis of 25 trials involving 8471 children with mild to moderate, persistent
asthma showed that inhaled glucocorticoid treatment produced a significant mean reduction
of 0.48 cm/y in linear growth velocity and a 0.61-cm deficit from baseline height after one
year [35]. During the second year of treatment (included in five of the trials), there was no
significant difference in linear growth velocity. Only two studies measured linear growth
velocity into the third year of treatment, and of these trials, one found a significantly lower
growth velocity of —0.33 cm/y (95% CI -0.52 to —0.14). The results suggest that growth
suppression may be greatest within the first year of treatment and that the effect may
diminish with subsequent years, although additional long-term data is needed. Of the four
trials examining growth patterns after cessation of inhaled glucocorticoid treatment, three
found that no significant catch-up growth occurred within two to four months after
cessation. While one trial showed accelerated linear growth velocity at 12 months post-
treatment, a significant difference in height remained when compared to the control group.
Kelly et al. recently demonstrated that individuals who had been randomized to inhaled
glucocorticoid treatment between during childhood, between the ages of 5-13, had a lower
mean adult height of 1.2 cm compared to individuals randomized to placebo. This effect was
greatest in those individuals with high daily doses within the first two years of treatment
**[37]. In another study, children who received regular inhaled glucocorticoid treatment
before 6 years of age, had significantly reduced BMD at the lumbar spine (mean
aBMD=0.81, 95% CI 0.74-0.90) detected by late school age (median age 12.3 years)
compared to those who had never used these medications. This analysis did not find a
significant impact on BMD in the children with regular IGC use between 6 and 12 years of
age, suggesting that exposure before 6 years of age may have the most critical impact [38].

Although the magnitude of the difference in height is small, these results suggest that
inhaled glucocorticoids significantly impact skeletal growth and bone accrual. The greatest
effects appear to occur early, within the first one to two years of treatment, and may be most
pronounced in children who initiate treatment at early ages.

Skeletal Effects of Inhaled Glucocorticoids in Adult Asthmatic Patients

While several studies have reported lower aBMD in adult asthmatic patients using inhaled
glucocorticoids compared to untreated controls [13, 21, 39-43], this finding is not uniform
[44-46]. Similarly, some authors have found that asthmatic patients using inhaled
glucocorticoids are at an increased risk of vertebral, hip, and other non-vertebral fractures
[21, 22, 39, 45, 47], while others have not [20, 23, 28, 48, 49]. A dose-response relationship
between inhaled glucocorticoids with both BMD and fracture has been reported, with a
deleterious effect seen at high daily doses and larger cumulative doses in the majority of
studies [22, 40, 41, 47, 50, 51]. In general, studies with mean daily dose of inhaled
glucocorticoids less than 800 micrograms per day have not found detrimental skeletal effects
of inhaled corticosteroids [48, 52]. In one of postmenopausal women, increased fractures
were demonstrated even in patients using inhaled glucocorticoids who had normal BMD by
DXA [18].

Several groups have investigated changes in bone turnover with inhaled glucocorticoid
treatment. Studies have show an acute, rapid change in calciotropic hormones and turnover
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markers in the first 1-4 weeks of treatment after starting IGC treatment, with decreased bone
formation and increased resoprtion [43, 53-56]. However, reports of the long-term effects on
bone turnover are conflicting [57-60]. A recent study compared changes in bone turnover
markers changes after one year of treatment with high (mean ciclesonide 507 pg/day) or low
dose (mean ciclesonide 202 pg/day) inhaled glucocorticoid treatment for mild-moderate
asthma, and found no significant differences in these bone formation or resorption [58]. This
study did not include a control group of asthma patients not receiving inhaled glucocorticoid
treatment.

Several studies have shown an impact of inhaled glucocorticoids on bone density. In a case-
control study, Monadi et al. recently investigated asthmatic patients who had been treated
with inhaled glucocorticoids for an average of 6.5 years, and found that patients younger
than 50 years of age had significantly lower aBMD at the LS (11.3%) and femoral neck
(8.8%) *[61]. However, there was no difference among inhaled glucocorticoid patients and
healthy controls in those subjects over 50 years old. Limitations of this work are the cross
sectional design and that the controls were healthy subjects who did not have asthma. The
effects of chronic illness, and of glucocorticoid use during skeletal accrual could not be
differentiated. There is limited longitudinal data in adult asthmatic patients. In a three year
prospective study, Israel et al. demonstrated a dose-related decline in BMD at the hip in
premenopausal asthmatic women using inhaled glucocorticoids [43]. In a one year
randomized clinical trial using peripheral quantitative tomography, there were very small
declines in cortical bone in patients treated with high dose fluticasone and budesonide but no
change in trabecular bone [62]. Table 1 summarizes the findings of prospective studies that
have investigated changes in BMD in adult asthmatics treated with inhaled glucocorticoids.

The efficacy of various pharmacologic therapies to prevent bone loss has been investigated
in asthmatic patients treated with inhaled glucocorticoids. Kasayama et al. compared
treatment with a bisphosphonate (alendronate 5 mg/day) or alfacalcidol (1-a-
hydroxyvitamin D3, 1 pg/day) to prevent bone loss in postmenopausal asthmatic women
using long-term inhaled glucocorticoids [63]. Women treated with alendronate for one year
had improvements in BMD at the lumbar spine (4.9%) and total hip (2.4%). In women who
received alfacalcidol, BMD was stable at the LS and TH. There was no untreated control
group in this study and therefore whether significant bone loss would have occurred in the
absence of treatment cannot be determined. In a recent study, BMD was followed over one
year in asthmatic patients randomized to one of three inhaled glucocorticoid regimen:
mometasone furoate 200 or 400 ug/day, fluticasone propionate 500 pg/day, or to non-
steroidal treatment with montelukast sodium (10 mg/day). All subjects received calcium and
vitamin D. There were no significant declines in BMD at the spine, hip, or femoral neck in
any group *[64]. Further prospective research is needed to identify those patients at greatest
risk for bone loss as well as the efficacy of different treatment regimen to prevent bone loss.

Skeletal Effects of Inhaled Glucocorticoids in COPD Patients

Patients with COPD are at a high risk for osteoporosis and fractures. The prevalence of
osteoporosis in patients with COPD is estimated to be between 4% and 59%, and of
vertebral compression fractures, between 24% and 63% [65]. In contrast with asthmatic

Curr Osteoporos Rep. Author manuscript; available in PMC 2017 June 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Sutter and Stein

Page 6

patients, only individuals with severe COPD are treated with chronic inhaled
glucocorticoids. Research on the effects of inhaled glucocorticoids on bone in the COPD
population has been inconclusive. This may relate to an inability to differentiate the
detrimental skeletal effects of the medications from those of COPD itself. The independent
adverse effects of COPD on the skeleton are multifactorial, and relate to chronic activation
of inflammatory cytokines, hypoxemia, and other factors [25, 26, 66, 67]. In COPD patients
who have not had significant exposure to oral glucocorticoids, there is evidence of disrupted
microarchitecture with lower cancellous bone volume, lower trabecular and trabecular
thickness, lower cortical width and connectivity density, and higher trabecular separation
and cortical porosity [66]. Two systematic reviews in patients with COPD have found no
increased risk of fractures in inhaled glucocorticoid users compared to non-users [68, 69].
Calverley et al. conducted a large double-blind trial of 6,112 COPD patients assigned to low-
dose inhaled glucocorticoids or placebo, and after three years of follow-up, there was no
significant difference in fracture incidence between the groups, however, this study was
designed to investigate survival as the primary outcome and not skeletal events [70]. A
record linkage study of 3,243 COPD patients exposed to IGCs showed no association with
fracture hospitalization *[71]. The study utilized health informatics records of a population
of over 400,000 people in Tayside, Scottland to investigate an association between COPD
patients with an existing IGC prescription and an ICD10 code for a hospitalization for
fractures. All fracture types were included. This study was not able to capture the potential
effects of systemic glucocorticoid use in its population. By using fractures that led to
hospitalization as an endpoint, the results did not capture asymptomatic vertebral fractures,
or many fractures that did not result in admission. Furthermore, adherence to prescribed
IGCs was not known, only that subjects had received a prescription.

Effects on bone density in patients with COPD may be dose-dependent, as seen in
asthmatics. Treatment duration may also play a role. In contrast to the above studies, a
systematic review by Loke et al. did find an increased risk of fracture in COPD patients, and
a dose response relationship such that each 500 microgram increase in beclomethasone
equivalents was associated with a 9% increased risk of fractures [72]. The Lung Health
Study Research Group observed patients receiving daily dose of 1200 micorgrams of
triamcinolone acetonide while there was no effect on BMD after one year of use, significant
delcines at the LS and FN were observed after three years [73]. Similarly, Scanlon et al.
randomized patients with mild to moderate COPD to 1200 micrograms of triamcinolone
acetonide or placebo for three years. Both groups had declines in BMD at the femoral neck,
but losses were significantly greater among inhaled glucocorticoid treated subjects [74].

In contrast, a four-year randomized clinical trial of male COPD subjects treated with low-
dose inhaled budesonide or long-acting 2 agonists and anticholinergics failed to find an
effect on BMD. Compared to healthy controls, all patients with COPD had significantly
lower BMD at baseline and a greater bone loss over four years. In a sub-group analysis,
subjects were analyzed according to predominant underlying disease characteristics
(bronchitic or emphysematic). Patients with predominantly emphysematic disease showed
comparable bone loss with both treatments. Surprisingly, patients with bronchitic disease
treated with inhaled glucocortioids, had less bone loss at the hip compared to bronchitic
patients treated with 2 agonists and anticholinergics [75]. The authors hypothesize that
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lower rates of bone loss seen in the IGC group may have been related to reduced systemic
inflammation, however, inflammatory markers were not measured in this study so that effect
could not be conclusively determined. Table 2 summarizes the findings of prospective
studies investigating the effects of inhaled glucocorticoids on bone in COPD patients.

In a small study evaluating histomorphometry in postmenopausal women with COPD
microarchitectural parameters and remodeling indices were worse compared to historical
controls [66]. However, the only difference between women with COPD who were and were
not treated with inhaled glucocorticoids was lower mineralized surface in treated women. Of
note, thirty percent of IGC users in this study also used oral glucocorticoids for disease
flare-ups with an average cumulative dose of ~ 400 mg. A follow-up study on this cohort
evaluated bone mineral density distribution (BMDD), a contributor to the elasticity and
stiffness of bone and therefore strength and susceptibility to fracture. BMDD was not
different between COPD patients and controls, and the authors again found no effect of
inhaled glucocorticoids [76]. Given the small sample size it is not possible whether the lack
of an effect may have been related to inadequate power in this study.

Conclusions

The literature offers conflicting evidence on whether and to what extent inhaled
glucocorticoids have detrimental skeletal effects. Differences in characteristics of the study
populations, including sex, age, menopausal status, underlying pulmonary disease and
disease severity, as well as co-morbidities all contribute to the heterogeneity of results.
Importantly, dose and duration of inhaled glucocorticoid therapy varies markedly by study.
Recent studies have shown that inhaled glucocorticoid treatment for pediatric asthma has
significant effects on immediate growth velocity, childhood bone density, and adult height.
The effects occur primarily within the first two years of treatment and are greatest when
these medications are initiated before the age of six. Prospective studies have demonstrated
bone loss after initiation of inhaled glucocorticoids in premenopausal women with asthma.
There is a dose response relationship between inhaled glucocorticoids and fracture risk. The
majority of studies of vertebral and non-vertebral fractures show an increased risk in those
subjects treated with the highest doses. Duration of inhaled glucocorticoid use may be
associated with declines in BMD. While patients with COPD have lower BMD and higher
fracture rates compared to controls, the majority of studies have not found an additional
detrimental effect of inhaled glucocorticoids on bone. It may be that the skeletal effects of
the disease itself eclipse those of the medication, particularly in low and moderate doses of
inhaled glucocorticoids. Given the amount of contradictions in the literature, it is not
possible at present to make definitive conclusions about the skeletal effects of inhaled
glucocorticoids. However, the evidence from many studies of a dose response relationship
with fracture supports clinical management strategies using the lowest possible dose of
inhaled glucocorticoids for the patients with asthma and COPD. Considering the lack of
consensus as to how patients on IGC should be evaluated or treated for their skeletal health,
and the increasing number of patients using chronic IGCs, further research into this topic is
critical.
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