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Dose-related decrease in bone density among
asthmatic patients treated with
inhaled corticosteroids
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Background: Inhaled corticosteroids are being prescribed more commonly and in higher
doses than previously in the management of asthma. Although these topically active
compounds have less potential for systemic impact than oral steroids, biochemical markers
suggest that they are not devoid of systemic side effects. We conducted this study to investigate
the effect of commonly prescribed doses of inhaled steroids on bone density.

Methods: We studied 36 patients with asthma. Those in group A (n = 18) had been taking
inhaled beclomethasone dipropionate or budesonide in a dosage of 800 ug or more per day
Jor at least 1 year. Those in group B (n = 18) had used only bronchodilator therapy. Adrenal
function was assessed by morning serum cortisol level and by short adrenocorticotropic
hormone stimulation test. Bone turnover was assessed by measurement of serum osteocalcin,
alkaline phosphatase, and urinary pyridinium cross-links. Bone mineral density was measured
by dual-energy x-ray absorptiometry with a Hologic QDR-1000 densitometer (Holologic Inc.,
Waltham, Mass.).

Results: Group A, mean age (SD) = 36.6 (8.4) years, had used inhaled corticosteroids at a
mean dose of 1323 pgiday (range, 800 to 2000 pugiday) for a median duration of 24 months.
Group B, mean age (SD) = 33.4 (8.1) years, had not been taking any form of steroid. Four
patients from group A had suppressed morning serum cortisol; three of these had abnormal
adrenocoﬁicatropic hormone stimulation test results. All patients in group B had normal
baseline adrenal function and an appropriate response to adrenocorticotropic hormone. Mean
serum ostepcalcin level in group A was significantly lower than that in group B (8.8 vs 14.2
ngiml, p = 0.0003). Bone density megsurements showed parallel changes: in group A the
mean Z score (SD) of the femoral neck was —0.78 (1.02), significantly below predicted
normal values (p = 0.0025). Mean Z scores of the lumbar spine and of femoral Ward’s
triangle were not significantly reduced. In group B the mean Z scores of the lumbar spine,
femoral neck, and femoral Ward’s triangle were all within normal limits. In group A the dose
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duration of inhaled corticosteroid therapy corrected for body mass index correlated negatively
with bone density and adrenal function measurements.

Conclusion: We conclude that the regular use of conventional doses of inhaled corticosteroids
by patients with asthma can suppress adrenal function and decrease bone density in a dose-
related fashion. (7 ALLERGY CLiN IMmMUNOL 1995;96:571-9.)

Key words: Asthma, inhaled corticosteroids, bone density, adrenal gland

Abbreviations used

ACTH: Adrenocorticotropic hormone
BDP: Beclomethasone dipropionate
DXA: Dual-energy x-ray absorptiometry

SD:  Standard deviation

Antiinflammatory medications are increasingly
recommended as initial or early treatment for symp-
tomatic asthma.’® The most frequently prescribed
anfiinflammatory medications are the inhaled corti-
costeroids. There is evidence from several countries
that inhaled corticosteroids are being prescribed
more frequently and in higher daily dosages than was
previously common.* For most patients such therapy
is likely to be long-term, leading to increased con-
cerns regarding systemic absorption and possible
systemic side effects.>® These effects may include
adrenal suppression,” disturbed bone metabolism,°
decreased growth in children,™ skin thinning,'? be-
havioral changes,'® and alterations in carbohydrate
metabolism. !4

Prolonged oral steroid therapy in patients with
asthma is associated with an increased incidence of
fractures.’>'” The detrimental effects of inhaled
corticosteroids on bone metabolism are assumed
to be much less, although long-term studies of the
effect of inhaled steroids on bone density are few
and inadequately controlled.'®?* Short-term changes
in biochemical markers of bone turnover have
been demonstrated in several studies.?*2 How-
ever, the clinical relevance of these biochemical
changes is unknown.

We therefore chose to measure bone density
and biochemical markers of bone turnover in
patients with asthma taking conventional doses of
inhaled corticosteroids for more than 1 year and to
compare the results with those of age- and sex-
matched patients with asthma not receiving steroid
medications. We also assessed adrenal function to
determine whether any observed changes in bone
density would be paralleled by systemic impact in
another organ system.

METHODS
Patients

In a cross-sectional controlled study, we examined
36 patients with asthma (12 men and 24 women)
recruited from a large tertiary care asthma facility.
These patients were divided into two groups. Patients
in both groups had been diagnosed with asthma
according to the American Thoracic Society criteria®
and were between 18 and 50 years old. Patients in
group A had been self-administering inhaled steroids
(either beclomethasone dipropionate or budesonide)
in a dose of at least 800 pg/day for at least 1 year.
Subjects were excluded from the study if they had
received more than two rescue courses of systemic
steroid treatment at any time in their lives or any
course of steroid treatment in the year before the
study; a course was defined as any duration of therapy
from 1 day to 3 weeks. Dose duration of inhaled
steroid therapy for each subject was calculated as the
product of the average daily dose in grams and
duration of therapy in months. Previous studies exam-
ining the systemic effect of inhaled steroids have used
daily dose or dose duration. It is likely that the impact
of systemically absorbed medication will vary accord-
ing to body size, and we have therefore expressed the
amount of steroid used as (average daily dose X
duration) + body mass. Group B comprised patients
with asthma who had never required inhaled or oral
steroid medication for treatment of asthma.

All women were premenopausal, and none of the
patients had a history of osteoporosis, metabolic bone
disease, or ingestion of medication known to interfere
with bone metabolism. A questionnaire was adminis-
tered to all patients at the initial encounter, including
questions on asthma severity, asthma treatment, and
customary levels of physical exercise. As described
and validated previously, activity at work and during
recreation was quantified as hours of activity per
week; activity was defined as physical work that would
result in at least a doubling of the basal metabolic
rate.””-2® Patients were ranked by the amount of
activity per average week: grade 1, less than 1 hour;
grade 2, 1 to 3 hours; grade 3, 3 to 6 hours; grade 4,
more than 6 hours, Spirometry was performed on all
study patients. Written informed consent was ob-
tained from all patients, and approval for the study
was given by the local human ethics committee.
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Bone turnover

After overnight fasting, serum was collected at
9:00 am for measurement of serum osteocaicin, calcium,
phosphate, and alkaline phosphatase. Serum osteocalcin
was measured by radioimmungassay with a method
modified from that of Price and Nishimoto.?® Assay
mixtures contained 50 wpl of assay diluent, 50 pl of
sample or standard, 100 pl of antiserum, and 100 pl of
iodine 125-labeled osteocalcin. The reaction mixtures
were incubated at 4° C for 48 hours. Assays were termi-
nated by the addition of 100 wi of goat antiserum to
rabbit y-globulin and 500 ul of polyethylene glycol. The
sensitivity of the assay was 0.02 ng/tube. During fasting a
urine sample from each patient was analyzed for pyr-
idinoline and deoxypyridinoline cross-links. Pyridinoline
and deoxypyridinoline cross-links are present in type 1
collagen of bone and are released during its breakdown;
they are thus thought to be sensitive markers of bone
resorption. Pyridinoline and deoxypyridinoline - cross-
links were measured by ion-paired reversed-phase high-
performance liquid chromatography -with a synthetic
pyridinoline as an internal standard.?

Adrenal function tests

Adrenal function was assessed by a short cosyntropin
test. Subjects were requested to not administer their
inhaled steroid on the morning of the adrenal stimula-
tion testing. Serum was sampled for cortisol at 9:00 am
and 30 minutes after intravenous injection of 250 pg of
cosyntropin (a synthetic subunit of adrenocorticotropic
hormone [ACTH]). Reference range for 9:00 aM serum
cortisol levels in our biochemistry laboratory is 170 to
660 nmol/L.. The stimulation test was considered abnor-
mal if (1) the baseline serum cortisol level was less than
170 nmol/L, (2) the increment after cosyntropin stimu-
lation was less than 200 nmol/L above basal level, or (3)
the 30-minute serum cortisol level was less than 500
nmol/L. Serum cortisol was measured by radioimmuno-
assay with a modification of the competitive binding
protein method (Radiochemical Centre, Amersham,
Amersham, U.K.).

Bone density measurement

Bone mineral density was measured at the lumbar
spine (anteroposterior view L1 through 14) and the left
femoral neck and Ward’s triangle by dual-energy x-ray
absorptiometry (DXA) with a standard single QDR-
1000 x-ray densitometer (Hologic Inc., Waltham, Mass.).
Previously published in vivo control studies have docu-
mented a reproducibility of 0.4% for the lumbar spine
and 1.7% for the femoral neck.*! In our laboratory we
have documented a reproducibility of 2% for both
lumbar spine and femoral neck. Z score values for bone
density were calculated for each patient, representing
the number of standard deviations (SDs) above or below
the statistical mean for previously tested age- and sex-
matched healthy men and women.
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TABLE |. Patient characteristics

Treatment Contro!
group group
{n = 18} {n = 18)
Gender (F:M) 12:6 12:6
Mean age (yr) 36.55 33.39
SD 8.37 8.10
Median activity grade 3 3
Range 1-4 2-4
Mean FEV,/FVC 76.38 75.11
SD 104 10.5
Mean BMI (kg/m?) 24.62 25.04
SD 3.82 5.16

FEV,, Forced expiratory volume in 1 second; FVC, forced vital
capacity; BMI, body mass index.

Statistical analysis

The continuous data were first tested for normal
(Gaussian) distribution by the Shapiro-Wilk test within
each of the control and treatment groups.® No measure
was found to deviate significantly from a normal distri-
bution (all p > 0.05). Therefore because parametric
statistical devices were appropriate for the data, mean
values for the two groups were compared by means of
the two-group ¢ test, and the relationship between
variables within a group was tested with the Pearson
product-moment correlation coefficient. Nominal data
were compared by means of Fisher’s exact probability
test. Because we did not expect an increase in bone
density with the use of inhaled corticosteroids, one-sided
tests were appropriate, and therefore one-tailed p values
are reported. The upper limit to the type 1 error (alpha
or statistical significance) was set to 0.05. For all statis-
tical analyses, SAS version 6.04 (SAS Institute, Cary,
N.C.) was used as computational software.

Power calculations indicate that 18 patients in each
group provided the ¢ tests and the correlational analyses
with 0.80 statistical power, when alpha (one-tailed) is set
to 0.05 and the expected mean population differences
between the two groups on a variable are at least 0.84
SD units®® or the expected population correlation coef-
ficients are at least 0.55.%*

RESULTS
Patie‘nts

Patients in both groups were comparable regard-
ing age, sex, body mass index, forced expiratory
volume in 1 second/forced vital capacity and grade of
physical activity (Table I). All patients were white.
Ten patients in group A were using beclomethasone
dipropionate (BDP) delivered by aerosol inhaler,
and eight were using budesonide delivered as dry
powder by Turbuhaler (Astra Pharma Inc., Canada).
Half the patients taking BDP used an add-on spacer
device. All treated patients demonstrated adequate
technique in using the inhaler device. Eight of the
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TABLE II. Results of biochemical
measurements in both groups

Treatment Control
’ group group
9:00 AM serum cor- 344.61 = 2124  429.00 = 90.8

tisol {nmol/L)
30-minute serum
cortisol (nmol/L)

Serum osteocalcin
(ng/ml)

Urinary pyridino-
line (nmol/mmol
creatinine)

Urinary deoxypyr-
idinoline (nmol/
mmol creatinine)

Serum alkaline
phosphatase
(IU/L)

601.89 = 230.85* 734.94 + 105.7
8.2 = 3.94* 14.2 = 4.08

49.97 = 28.26 43.41 + 26.59

7.85 £3.23 8.96 = 1.87

63.00 = 13.66 62.76 £ 17.52

All values are expressed as means = SD.
*p = 0.05.

patients in group A had never taken systemic ste-
roids; 10 had had one or two short courses of oral
steroids (<3 weeks) at some time in the past but not
within a year before being enrolled in the study.
Inhaled steroids were used in a mean dose (SD) of
1323 (393.8) jg/day (budesonide = 1075 wg, BDP =
1525 pg) for a mean duration (SD) of 29.8 (19.5)
months.

Biochemical tests

Serum osteocalcin was significantly lower in
group A as compared with group B (p = 0.0003).
There were no significant differences between the
two groups in serum alkaline phosphatase or in
urinary pyridinoline and deoxypyridinoline (Table
II). Four patients from group A had suppressed
9:00 am serum cortisol levels and three had sub-
normal serum cortisol levels after ACTH stimula-
tion, whereas all patients in group B had normal
baseline adrenal function and response to ACTH.
Baseline 9:00 am cortisol levels, 30-minute cortisol
levels, and rise of cortisol after ACTH correlated
negatively with the dose duration of inhaled ste-
roid therapy corrected to the BMI (Fig. 1). Serum
osteocalcin levels did not correlate with the dose
duration of inhaled steroid therapy.

Bone density

In group A the mean bone density of the femo-
ral neck was significantly below predicted normal
values when expressed as Z scores: —0.78 (1.02),
p = 0.0025. In group B the mean bone density of
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the femoral neck was within normal limits: —0.18
(1.48), p = 0.13. There was no statistical difference
in the mean bone density of the femoral neck
between group A and group B (—0.78 vs —0.18,
respectively). The mean bone density measures of
the lumbar spine and. femoral Ward’s triangle,
although numerically lower in group A than in
group B, were not significantly below normal in
either group. For greup A values were —0.27
(0.76) and —0.19 (1.12), respectively; for group B
values were +0.04 (1.22) and +0.32 (1.39). Bone
density scores of the lumbar spine, femoral neck,
and Ward’s triangle correlated negatively with the
dose duration of inhaled steroid therapy (Fig. 1).
In group A only, Z scores of the lumbar spine,
femoral neck, and Ward’s triangle correlated pos-
itively with baseline (9:00 am) and 30-minute (after
ACTH) serum cortisol levels (p < 0.05) (Figs. 2
and 3). Serum osteocalcin levels did not correlate
with the bone density of the different regions
tested.

DISCUSSION

Our data show that the long-term use of inhaled
corticosteroids by patients with asthma may be
accompanied 'by a reduction in bone density not
seen when patients with asthma are treated with
bronchodilators alone. Concurrent reduction in
the serum osteocalcin levels of patients with
asthma using inhaled steroids suggests that sup-
pressed osteoblast function may play a role in this
phenomenon. Patients with asthma who are taking
inhaled corticosteroids may also show biochemical
signs of adrenal suppression, and biochemical as-
says may be useful in identifying with bone density
loss. In this study we have demonstrated a reduc-
tion in bone density measured at the femoral neck
by DXA in a group of patients with asthma using
inhaled corticosteroids (800 to 2000 ng/day) for
29.8 + 19.5 months when compared with age- and
sex-matched healthy control subjects. Although a
single report suggested that bone density of pa-
tients with asthma not treated with steroids tends
to be lower than the values of normal healthy
subjects,'® we could identify no significant reduc-
tion in bone density in patients with asthma not
treated with steroids.

Our findings are in support of those of Packe et
al.'’® who demonstrated an 18% reduction in lum-
bar spine bone density measured by quantitative
computerized tomography in a group of patients
with asthma taking high doses of inhaled steroids
for a median duration of 3 years. However, the role
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FIG. 1. Correlation between measures of adrenal function and bone density and the dose
duration of inhaled corticosteroid therapy divided by the body mass index. The dotted lines
represent the 95% confidence limits. The solid line represents the regression line. The
coefficients shown represent correlation coefficients.

of inhaled steroids in their cohort of patients (n =
20) is unclear; all had received booster courses of
oral steroids in the past and half took oral steroids
within the year before the study. Reid et al.'?
showed that total body calcium was somewhat
reduced (8.8%) in a group of patients receiving
only inhaled steroids (BDP) in doses up to 800
ng/day. However, the mean age in their control
group was significantly lower than the mean age in
the inhaled steroid group, and some of the patients
taking inhaled steroids also received booster
courses of oral steroids.?’ Other studies examining
changes in bone mass and density in patients with
asthma treated with inhaled steroids are flawed
cither because of failure to control for previous

oral steroid use* or because the dose of inhaled
steroid taken by the patients studied was too
low.?> > In our study none of the patients treated
with inhaled steroids had received booster courses
of oral steroids within a year of the study, and only
10 had received one or two courses of oral steroids
of 21 days or less each in their lives. Although we
cannot rule out the possibility that remote doses of
oral corticosteroid accounted for the reductions in
bone density we observed, we consider it unlikely
for two reasons: (1) the reduced serum osteocalcin
levels in patients taking only inhaled corticoste-
roids strongly suggests that osteoblast function is
impaired by inhaled corticosteroids alone; and (2)
the subjects were rarely exposed to courses of
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FIG. 2. Correlation between baseline adrenal function (3:00 am serum cortisol level) and Z
scores of lumbar spine, femoral neck, and Ward's triangle in both groups of asthmatic patients.
Patients in group A are represented by filled circles, and those in group B by open circles. Dotted
lines represent the 95% confidence limits. The solid line represents the regression line. The
coefficients shown represent correlation coefficients.

systemic steroids, and none had received systemic
steroids during the year before entering the study.

DXA is a technique that provides a rapid and
accurate measurement of bone density.®> In a
recent study bone density of the hip measured by
DXA was shown to correlate strongly with the risk
of subsequent hip fracture among older women.*
In that study there was a 2.6-fold increased risk for
hip fracture for each SD decrease in femoral neck
density. Our study is therefore of clinical relevance
because we have shown a decrease in femoral neck
bone density by a mean value of 0.78 SD in the
patients treated with inhaled steroids. Our patient

population did not include postmenopausal
women, but our results suggest that a prospective,
controlled study of this high-risk group of patients
is needed. Although our results show statistically
significant differences in bone density at the fem-
oral neck, the clinical significance of a change of
less than 1 Z score is not clear. Furthermore,
because serial measurements of bone density have
not been undertaken in this study, it is not known
whether the apparent decrease in bone density is
self-limited or progressive. Although steroid-in-
duced bone loss is expected to be more pro-
nounced in trabecular bone-rich sites, such as ribs
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and vertebrae, our study supports other reports
showing that bone loss caused by steroid treatment
can be detected at the hip, as well as at the lumbar
spine.?”-*8 One study suggests that measurement of
bone density at the hip may even be preferable to
that at the lumbar spine because this measurement
is not influenced by osteophytes and aortic calcifi-
cation, which might artifactually increase lumbar
spine bone density estimations.?” However, bone
density measurements at the femoral neck, lumbar
spine, and Ward’s triangle in the group ftreated
with inhaled steroids showed nonstatistically signif-
icant trends toward being below that of the group

not treated with inhaled steroids. Studies in larger
numbers of patients would be helpful in further
assessing the statistical significance of these appar-
ent trends.

Several short-term studies of healthy subjects
receiving high doses of inhaled BDP or budesonide
have demotistrated a decrease in the osteoblast
function represented by a dose-related suppression
of serum osteocalcin level.?* 3%40 In one such study
serum alkaline phosphatase levels were also sup-
pressed.?> Ali et al.?’ examined subjects given BDP
in a dose of 2000 pg/day for 1 month and found
increased bone resorption reflected by a statisti-
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cally significant rise in urinary output of hy-
droxyproline, a breakdown product of the osteoid
matrix, but a comparable dose of budesonide was
not associated with increased bone resorption. In
this study and in concordance with the previous
studies, we found significant decreases in serum
osteocalcin in the patients treated with steroids
when compared with the asthmatic patients not
treated with steroids, suggesting a suppressed 0s-
teoblast function. However, we could not demon-
strate any changes in the urinary pyridinoline and
deoxypyridinoline levels, which are thought to be
more sensitive markers of bone resorption than
urinary hydroxyproline.” This paradox could be
explained if bone loss had occurred at the initial
period of administration of the inhaled steroid and
then stopped while bone formation continued to
be suppressed. This possibility is supported by the
fact that bone loss is most rapid during the first few
months of treatment in patients taking systemic
steroids.* 43 . :

Our results of adrenal function testing confirm
many previous observations showing that hypo-
thalamo-pituitary-adrenal axis suppression may oc-
cur in some patients receiving high doses of in-
haled steroids. The short ACTH stimulation test
has been shown to be as useful as urinary free
cortisol estimation in testing for hypothalamo-
pituitary-adrenal axis suppression in patients with
asthma receiving high doses of inhaled steroids.*
The correlation between Z score and serum corti-
sol level suggests that there may be an association
between the ability of inhaled steroids to alter
serum cortisol and to decrease bone density. Se-
rum cortisol may therefore play a role as an easily
measured marker for identifying patients who are
susceptible to the systemic effects of inhaled ste-
roids, including osteoporosis. However, the associ-
ation is weak, and interpatient variability would
likely limit the clinical utility of such studies.

The potential for systemic absorption with sub-
sequent effects on various organ systems may vary
somewhat with different preparations of inhaled
steroids and different delivery systems. The popu-
lation in this study is not large enough to control
for such factors. Future studies must control for
type of inhaled steroid, formulation (dry powder or
aerosol), presence and type of spacers, and mouth
rinsing.

In summary, although inhaled steroids continue
to be an effective antiinflammatory maintenance
therapy for asthma, long-term use may have po-
tentially serious side effects, such as loss of bone
with consequently increased risk of fracture. Pro-
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spective studies are needed to confirm the changes
we have observed, to determine their time course,
to define the characteristics of patients at risk, and
to detect any factors that could potentiate or
reduce such systemic effects.

We thank Dr. Sivarama S. Krishnan, from the
Medical Physics Laboratory, The Toronto Hospital,
and Dr. T. Douglas Bradley, from the Division of
Respiratory Medicine, The Toronto Hospital, for
their useful suggestions.
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