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To determine whether high-dose or prolonged inhaled steroid therapy for asthma increases a 
patient's risk of osteoporosis and fracture, we measured bone density in 26 men and 43 women 
(41 postmenopausal, all of whom had received supplemental estrogen therapy) after treatment with 
an inhaled steroid for 10.1 ± 5.5years and oral prednisone for 10.7 ± 9.7years (mean ± SD). 
Most had stopped receiving prednisone since commencing the inhaled steroid therapy. We found 
that bone densities (adjusted for age and sex to yield a z score) were lower in association with 
higher daily doses of inhaled steroid (p = O. 013 ANCOVA) and with the duration of past 
prednisone therapy (p = 0.032). Larger cumulative inhaled steroid doses were associated with 
higher bone densities (p = 0.002) and a reduction in the numbers of patients at risk of fracture. 
Bone density also increased with the amount of supplemental estrogen therapy (p = 0.058) and, 
at equivalent levels of inhaled and oral steroid use, women showed higher bone density z scores 
than did men. Women with a lifetime dose of inhaled steroid greater than 3 gm had normal bone 
density regardless of the amount of past or current prednisone use or the current dose of inhaled 
steroid. These data indicate that the daily dose, but not the duration, of inhaled steroid therapy 
may adversely affect bone density, and that estrogen therapy may offset this bone-depleting effect in 
postmenopausal women. (JALLERGY CLIN IMMUNOL 1995;96:157-66.) 
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I nha l ed  s te ro id  t he rapy  is cur rent ly  r ecom-  
m e n d e d  for  the  t r e a t m e n t  of  m o d e r a t e ,  or  severe  
as thma,  l s  Concerns  persist ,  however ,  abou t  the  
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safety of  this therapy,  par t icu la r ly  with respec t  to 
its poss ib le  effect on bone .  9-11 

These  concerns  s tem f rom the  f requency  with 
which os teoporos i s  is known to compl ica te  the  
long- te rm use of  ora l  s te ro ids  ( e s t ima ted  to  be  in 
some 30% to 50% of  exposed  patients12), coup led  
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TABLE I. Patient characteristics at the  time 
bone  dens i t y  was measured 

n Mean + SD Range 

Age (yr) 69 59.9 + 13.3 
Male 26 58.5 + 17.6 
Female 43 60.8 -+ 9.6 

Menopausal status 
Pre 2 
Post 41 

Estrogen usage 
Current 23 
Previous 18 
Years of use 41 4.43 -+ 7.28 

Activity score 69 5.12 -+ 2.12 
(1-10) 

Prednisone 
Years of use* 69 10.7 -+ 9.7 
Current dose (rag/day) 69 3.0 -+ 7.9 

Inhaled steroid 
Years of use 69 10.1 -+ 5.5 
Current dose (mg/day) 69 1.3 + 0.81 
*Cumulative dose (gin) 69 3.1 -+ 2.1 

Intranasal steroid 
Users 30 

0-34 
0-60 

1-23 
0-3.2 

0.04-10.5 

*Primary selection criteria for survey patients. 

with the recent observation that inhaled steroid 
drugs may adversely affect various metabolic indi- 
ces of bone turnover. 13-;1 

It remains to be established whether these inhaled 
steroid-induced metabolic changes are clinically im- 
portant. They might presage the development of 
osteoporosis and fracture after prolonged exposure 
to the drug, especially if high doses are given to 
growing children or to patients in whom additional 
risk factors for osteoporosis are present or develop 
(e.g., in the postmenopausal state). For these uncer- 
tainties to be resolved, the effect of inhaled steroid 
therapy on bone mass needs to be determined. Low 
bone mass is an important risk factor for the occur- 
rence of osteoporotic fracture, 22-32 and bone mass is 
quantifiable in terms of bone mineral density. To 
date, cross-sectional surveys of bone density in pa- 
tients treated with inhaled steroids have shown con- 
flicting results. 3339 Where a significant reduction in 
bone density has been observed, the causal role of 
the inhaled steroid therapy remains unclear because 
of uncertainties about the documentation of the 
potentially confounding effects of past or current oral 
steroid treatment, 34-36, 40 or because of the presence 
of nonsteroidal factors that also influence bone den- 
sity (e.g., the postmenopansal state35). 

We examined these relationships in a cross- 
sectional survey of bone density in a group of 

asthmatic adults. They were selected to facilitate 
comparisons between the effects of inhaled and 
oral steroid t reatment  on bone density over a wide 
range of exposure to each drug. The primary aims 
of the study were to determine whether the dose 
and duration of inhaled steroid therapy bear  a 
discernible relationship to bone density, and to 
differentiate, if possible, between any effect of the 
inhaled steroid that might be observed and that 
due to the oral steroid therapy previously or cur- 
rently used by most of these patients. Secondary 
aims included an assessment of the contributory 
effects of coexisting factors, such as age, sex,. physical 
activity, the postmenopausal state, and the use of 
supplemental es t rogen--each of which is known to 
influence bone density and the risk of fracture among 
steroid-dependent patients. 

We also assessed the extent to which bone 
density correlated in these patients with nonosse- 
ous stigmata of chronic steroid excess and with the 
prevalence of vertebral fracture. 

M E T H O D S  

The study was approved by the Review Board of the 
University of Western Ontario for health sciences re- 
search involving human subjects. 

Pat ients  

The 69 patients studied represented 15% of the total 
population of asthmatic patients attending this clinic for 
ambulatory care at the time the survey was done. There 
were no black, Asian, or Hispanic patients. They were 
older than our clinic population as a whole: 59.9 -+ 13.3 
vs 48.7 + 17.75 years (mean -+ SD, n = 453). Relevant 
demographic characteristics are summarized in Table I. 

M e a s u r e s  of s teroid  use 

Data on drug usage were collected by review of the 
clinical charts of the physician directly responsible for 
the long-term care of the patients (J.H.T.). These were 
supplemented by data from current symptom and drug- 
use diaries kept by 34 of the patients as part of a 
systematic surveillance of the safety of long-term inhaled 
steroid treatment. Clinic visits were scheduled twice 
yearly, or more frequently, for assessment and collection 
of the diary data. 

The measures of oral and inhaled steroid usage de- 
rived from these records are listed in Table I. Inhaled 
steroid usage was quantified in terms of the current daily 
dose, duration of therapy, and cumulative lifetime dose. 
These factors could be accurately determined because 
inhaled steroid usage had been controlled solely by one 
physician (J.H.T.) throughout the entire period of in- 
haled steroid treatment for all the patients studied. 
Prednisone usage was quantified in terms of the current 
daily dose and years of treatment, both of which could be 
accurately determined. The cumulative prednisone dose 
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was net analyzed because it could not be reliably quan- 
tified for some members of the group, because their 
dosage had been adjusted by more than one physician 
during the period of follow-up in order to cope with 
exacerbations of asthma. Some additional nonsteroidal 
factors also present in these patients and known to 
influence bone density are listed in Table I. All but eight 
of the patients started receiving regular oral or inhaled 
steroid therapy after 30 years of age, by which time 
maximal bone mass is normally attained. 

Every patient had used inhaled steroid therapy to treat 
asthma. The daily dosage of inhaled steroid was higher in 
these patients than in the inhaled steroid users of the clinic 
population as a whole: median doses 1.1 rag/day versus 0.79 
rag/day, respectively. The drug was inhaled from a pressur- 
ized aerosol fitted with a spacer--in most cases, a 750 ml 
Nebuhaler (Astra Pharma Production AB, S6dert~ilje, 
Sweden). No dry powder formulations were used. Patients 
were instructed, and then routinely monitored, to ensure 
inhalation commenced at residual volume, was sustained at 
an inspiratory flow of about 25 L/rain., and was followed by 
a 5- to 10-second breath-hold. Patients were instructed to 
rinse the mouth and expectorate after completing each 
treatment. We have found this mode of administration to 
double the intrapulmonary delivery of inhaled budesonide 
in comparison with what can be achieved using the pres- 
surized aerosol without a spacer and, in consequence, to 
slightly iincrease its systemic toxicity. 41 The inhaled steroid 
drugs used included dexamethasone, beclomethasone, and 
budesonide, and most patients had used more than one of 
these. At the time bone density was measured, 49 were 
using budesonide, 15 beclomethasone, and five no inhaled 
steroid. Thirty patients used concurrent intranasal steroid 
spray as well, either seasonally or regularly (Table I). 

Fifty-two of the patients had used regular daily or 
alternate-day doses of prednisone in the past or recently, 
for periods of at least 6 months at a time; 16 had used 
prednisone intermittently but never regularly; one had 
never been treated with prednisone. Of the 69 patients, 
24 were, still using prednisone at the time the bone 
density measurement was made. 

Design 
The study was a cross-sectional survey of a nonran- 

dora sample of asthmatic adults at one point in time. 
Candidates were selected on the basis of their long-term 
exposure to inhaled and oral steroid drug s. A 3 × 3 table 
was constructed on the basis of low, medium, and high 
exposures to the two drugs, as quantified by their 
cumulative lifetime dose of inhaled steroid and years of 
prednisone therapy. Potential candidates were allocated 
among the nine cells of this cross-classification to 
achieve marginal ratios of approximately 7:3:7. When 
more than the required number of candidates were 
available in a particular cell, selection was made ran- 
domly. The joint stratification by the degree of exposure 
to both inhaled steroid and oral steroid was intended to 
ensure that these two factors were relatively indepen- 

dent of one another statistically; thus making it feasible 
to estimate their separate effects on bone density. 

The required sample size was estimated by determin- 
ing the number of patients needed in the high- and 
low-exposure subgroups to detect a 20% difference in 
bone density with 90% power at the 0.05 significance 
level. This estimated sample size was then augmented by 
adding patients to the intermediate groups to conform as 
closely as possible with the predetermined 7:3:7 ratio. 

Measurement of bone density 
Bone density was measured once at the lumbar spine 

(L-2 to L-4) which is normally the area most sensitive to 
the effects of excess glucocorticoids. In 49 patients 
measurement was made by means of dual energy x-ray 
absorptiometry, using the Hologic QDR 1000 densitom- 
eter (Hologic Corp., Boston, Mass.). In 20 patients mea- 
surement was made by means of dual energy photon 
absorptiometry, using a Lunar DP3 densitometer (Lunar 
Corp., Madison, Wis.). The results were reported as abso- 
lute densities (in grams per square centimeter) and as z 
scores. The latter express the number of standard devia- 
tions (SD) by which the observed bone density (in grams 
per square centimeter) deviates above or below the pre- 
dicted normal bone density for persons of the same age and 
sex. The z scores provide a basis for quantifying the risk of 
fracture,Z5, 2~ since the lifetime risk of an osteoporotic 
fracture has been estimated to increase !.5- to 3-fold for 
each SD decrease in bone density. 23, 32, 42 

To adjust the data from the Lunar densitometer for 
compatibility with the data obtained from the Hologic 
densitometer, a regression equation was derived from 
pairs of measurements made on the same day by both 
instruments in 213 consecutive referrals to the Metabolic 
Bone Disease Clinic. The regression equation formula 
was: Hologic (in grams per square centimeter) = 0.825 • 
Lunar (in grams per square centimeter) - 0.018, with a 
standard error of estimate of 0.055 gm/cm 2 (r = 0.97). 
All Lunar data (in grams per square centimeter) were 
converted to Hologic-equivalent data (in grams per 
square centimeter), and then z scores were derived from 
the Hologic reference population data. Thus all z scores 
in this report are expressed in Hologic units. 

Statistical methods 
The individual effects of the amount of long-term 

exposure to inhaled steroid and to oral steroid and of the 
patient's sex on bone density were estimated by analysis 
of covariance (ANCOVA) (Statistical Analysis System/ 
General Linear Model; SAS Institute, Cary, N.C.), 43 
controlling for age, years of estrogen use, the patient's 
physical activity rating, and the current daily dose of 
inhaled steroid and oral steroid. 

Nonsteroidal factors relating to bone 
density 

A rating of the physical activity characteristic of each 
patient's lifestyle was made by the physician responsible 
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TABLE II. Bone densi ty  and prevalence of do rso lumbar  fracture 

Type of LBMD (gm/cm 2} LBMD-Z 
deformity n Mean -- SD p Value* Mean _+ SD p Value* 

Wedge 
Yes 15 0.82 -+ 0.23 -1.01 -+ 1.72 

0.10 0.34 
No 48 0.90 -+ 0.14 -0.57 ___ 1.49 

Wedge plus biconcave 
Yes 7 0.71 +- 0.13 -1.48 -+__ 1.38 

0.005 0.14 
No 56 0.90 _+ 0.16 -0.57 + 1.54 

*P from unpaired t test. 

for their long-term care (J.H.T.) using a 10-point ordinal 
scale. The distribution of these ratings was bell shaped, 
with a modal rating of 4, a mean of 5.1, and a range from 
1 ("highly sedentary") to 9 ("frequent strenuous physical 
exercise"). Menopausal status and estrogen usage were 
determined by means of a patient questionnaire supple- 
mented by chart review. 

Radiographic  survey  for ver tebra l  f racture 

Lateral roentgenograms of the dorsolumbar spine 
were obtained in 63 patients, on or close to the day their 
bone density was measured. The films were reviewed en 
bloc by one examiner (R.G.H.). The statistical associa- 
tions between fracture, on the one hand, and bone 
density and the various steroidal and nonsteroidal risk- 
factors for osteoporosis, on the other, were analyzed by 
a combination of multiple regression and multiple logis- 
tic regression analysis. 

N o n o s s e o u s  effects of s tero ids  

The presence or absence of nonosseous clinical stig- 
mata of hypercortisonism was derived from chart re- 
views. Serum cortisol levels were assayed by standard 
laboratory methods on specimens secured at 8 AM 
(--+1.5 hours) on or close to the day bone density was 
measured. 

RESULTS 

The demographics of the survey group are sum- 
marized in Table I. The primary selection criteria 
(i.e., the duration of prednisone use and the cu- 
mulative lifetime dose of inhaled steroid) averaged 
10.7 ___ 9.7 years and 3.1 +_ 2.1 gm, respectively 
(mean + SD). Of  the 69 patients, 41 were post- 
menopausal  women, and all these had received 
supplemental  estroge n therapy (Table I). 

Nonosseous evidence of chronic hypercortison- 
ism present in the survey group included weight 
gain (n = 10), moon face (n = 11), steroid purpura  
(n = 17), and hypertension (n = 18). Additionally, 
12 of 62 had subnormal morning serum cortisol 

levels at entry (<210 nmol/L), and 11 of 40 pa- 
tients examined by means of slit lamp had poste- 
rior subcapsular cataracts. 

Lumbar  bone mineral density (LBMD) aver- 
aged 0.89 _+ 0.13 gm/cm 2 (SD) in the men and 
0.84 ___ 0.20 in the women who participated in the 
survey. The respective z scores (LBMD-Z)  were 
-1 .35  ___ 1.44 (SD) in the men and -0 .70  + 1.72 in 
the women. 

Several nonosseous stigmata of chronic hyper- 
cortisonism correlated significantly with the pres- 
ence of reduced bone density values. For example, 
serum cortisol suppression versus LBMD (r = 
0.378, p = 0.002) or LBMD-Z  (r = 0.466, p = 
0.0001); and the presence of steroid purpura  versus 
LBMD (r = -0.322,  p = 0.007). In addition, low 
levels of LBMD correlated significantly with the 
presence of vertebral  wedge fracture with bicon- 
cave deformity (/9 = 0.005, Table II). 

The combined effects of  the particular risk fac- 
tors assessed explained 45% of the observed vari- 
ability in LBMD-Z  (R 2 = 0.45). The influence of 
each individual factor as determined by A N C O V A  
is shown in Table III .  LBMD-Z  decreased signifi- 
cantly in association with the duration of past oral 
steroid therapy (p = 0.032) and the current daily 
dose of inhaled steroid (p = 0.013), In contrast, the 
higher the cumulative lifetime dose of inhaled 
steroid, the higher the LBMD-Z  value (p = 0.002). 
Higher LBMD-Z  values also correlated with 
greater  physical activity and age, each of which 
was statistically significant by A N C O V A ,  and 
with female  sex and years of  es trogen usage, 
which approximated  significance (Table I I I ) .  
The current  daily dose of prednisone  did not 
correlate  with L B M D - Z  (p = 0.94). Co-t reat -  
men t  with intranasal  steroid did not  correlate  
with L B M D - Z  (p = 0.66) or alter the associa- 
tions shown in Table  III .  
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The regression of LBMD-Z on the daily dose of 
inhaled steroid is illustrated in Fig. 1. On the 
average, LBMD-Z fell by 0.5 SD for each 1.0 mg 
increment in the daily dose of inhaled steroid. At a 
nominal dose of 1.0 rag/day, LBMD-Z was -0 .50  
with 9:5% confidence limits of -0 .12  to -0 .85 
(mean +__ 2 SEM). 

The net effect of the cumulative dose of inhaled 
steroid on LBMD-Z and the risk of fracture is 
illustrated in Fig. 2. LBMD-Z was higher in pa- 
tients with a greater lifetime exposure to inhaled 
steroid, as evidenced by a cumulative dose greater 
than 3 gm (the median of the group), than in 
patients who had had less exposure to inhaled 
steroid. The shift toward more normal values was 
more prominent in women. The percent of the 
group that had an LBMD-Z value indicating a 
substantial increase in the risk of fracture (i.e., 
equal to or lower than -2 .0)  was much lower 
among patients who had had a relatively high 
lifetime: exposure to inhaled steroid than in those 
with a relatively low exposure (i.e., 5% vs 35% in 
women:, and 12% vs 45% in men; Fig. 2). The 
larger the cumulative dose of inhaled steroid, the 
lower t]he prevalence of radiologically demonstra- 
ble wedge and biconcave vertebral deformities 
among these patients (p = 0.02; data not shown). 

The relationship of the sex of the patient to the 
effect of different degrees of long-term exposure to 
inhaled and oral steroid on LBMD-Z is illustrated 
in Fig. 3. When compared at equivalent levels of 
exposure to inhaled and oral steroid, women con- 
sistently showed less deviation from normal than 
did men. In women with a cumulative dose of >3 
gm inhaled steroid, mean LBMD-Z values were 
essentially normal: 0.005 and -0.001, regardless of 
the amount of their past exposure to oral steroid. 
This was not the case for men with more than 10 
years exposure to oral steroid. The daily dose of 
inhaled steroid currently used by these women, in 
whom a high lifetime exposure to inhaled steroid 
was coupled with a normal mean LBMD-Z, aver- 
aged 1.64 __ 0.68 mg/day. 

DISCUSSION 

To our knowledge, this is the largest group of 
asthmatic patients in whom the effects of high-dose 
or prolonged inhaled steroid therapy on bone 
density ]has been assessed, as well as the first study 
in which the effects of long-term inhaled and oral 
steroid therapy on bone density and clinical out- 
come (fracture) have been directly compared. 

The observation of a significant association be- 
tween tlhe duration of oral steroid therapy and 

TABLE III. Effects of steroidal and 
nonsteroidal factors on LBMD-Z 

p Value 
Change in from 
LBMD-Z* ANCOVAt 

• Daily dose of inhaled ste- 0.013 
roid 

• Years of prednisone 0.032 

• Cumulative dose of inhaled 0.002 
steroid 

• Age 0.005 
• Physical activity 0.042 
• Years of supplemental es- 0.058 

trogen 
• Female sex 0.062 

P- Daily dose of prednisone 0.943 

*Arrowheads signify a reduction (V) or increase (A) or no change 
(1~) in LBMD-Z, relative to predicted normal z scores. 

?Quantifies significance of effect of each variable on LBMD-Z, 
where the effects of the other seven variables shown were 
controlled in ANCOVA. 

lower LBMD-Z values (Table III) accords with the 
findings of earlier investigatorsY, 45 The absence 
of a discernible association between the daily dose 
of oral steroid and LBMD-Z presumably reflects 
the fact that most of the patients in our survey had 
stopped using prednisone before the time bone 
density was measured. 

Effects of inhaled steroid on bone density 

The contradictory associations between 
LBMD-Z and different measures of inhaled ste- 
roid usage that were observed in these patients 
(Table III) have not been reported previously. This 
paradox suggests the existence of two separate 
mechanisms by which inhaled steroid therapy may 
influence bone density: (1) a direct bone-depleting 
effect related to the current dose per day, and (2) 
an indirect effect that probably reflects the restitu- 
tion of previously osteoporotic bone consequent to 
the withdrawal of prednisone after the commence- 
ment of inhaled steroid treatment. 

The hypothesized indirect effect of inhaled ste- 
roid on bone is supported by the following evi- 
dence: (1) spontaneous bone restitution has been 
observed in some patients with osteoporosis 
caused by Cushing's syndrome after removal of the 
source of their excess glucocorticoid by surgical 
extirpation of a tumor or withdrawal from previ- 
ously used prednisone46-49; (2) two thirds of our 
patient group had, in fact, withdrawn entirely from 
their previous prednisone therapy under the aegis 
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FIG. 1. Regression of LBMD-Z on the daily dose of inhaled steroid. Means shown are adjusted 
to control for the effects of age, sex, years of estrogen use, physical activity, the current daily 
d o s e  of prednisone, years of prednisone usage, and the cumulative lifetime dose of inhaled 
steroid. LBMD-Z declined significantly on the daily dose of inhaled steroid (p = 0.013). 

of inhaled steroid treatment, whereas the remain- 
der used prednisone only at low dosage (mean, 7.5 
rag/day); and (3) the adverse effects on bone 
metabolism known to be associated with the use of 
budesonide (the inhaled steroid drug used by most 
of these patients) have been shown to be much tess 
than those of prednisone when the two drugs are 
compared at dose levels at which the inhaled 
steroid is equally or more effective than the oral 
steroidJ 4 

Evidence in support of the hypothesized direct 
effect of inhaled steroid on bone includes the 
following: (1) inhaled steroid drugs have been 
shown to exert dose-dependent adverse effects on 
a number of metabolic indices that signify in- 
creased bone resorption or decreased bone forma- 
tion, 13-21 and (2) several cross-sectional surveys of 
asthmatic adults receiving inhaled steroid therapy 
have observed a reduction in bone mass in com- 
parison with untreated subjects. 34, 36 

The substantial unexplained variation in 
LBMD-Z observed in these patients (viz R 2 = 
0.45), after controlling for the effects of the daily 
dose of inhaled steroid and the additional risk- 
factors analyzed, indicates a strong influence from 

some unexplained factor or factors, possibly ge- 
netic, acting alone or possibly in conjunction with 
the daily dose of inhaled steroid as determinants of 
bone density. 

Sex-related differences in bone density 
relative to inhaled steroid and oral steroid 
exposure 

Among the women surveyed, those who had 
received a high cumulative lifetime dose of inhaled 
steroid conserved an LBMD-Z level that was es- 
sentially normal, regardless of the duration of their 
past oral steroid exposure or their current use of a 
relatively high daily dose of inhaled steroid of 
1.64 + 0.68 mg/day (mean _+ SD, n = 16). This did 
not apply in the case of men who had had the same 
amount of long-term inhaled and oral steroid 
exposure (Fig. 3). 

Of the 43 women surveyed, 41 had used estro- 
gens after menopause. Furthermore, the duration 
of their estrogen usage correlated positively with 
higher LBMD-Z values (p = 0.049, Pearson cor- 
relation). This suggests that past and current es- 
trogen use might account for the relatively high 
LBMD-Z values observed in the women surveyed. 
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FIG. 2. Influence of the cumulat ive dose of inhaled steroid on the frequency distr ibut ion of 
LBMD-Z among women  (above) and men (below), subdivided at the median cumulat ive dose of 
inhaled steroid: ~< 3 gm (solid line) and > 3 gm (dotted line). A larger l i fet ime exposure to inhaled 
steroid was associated wi th more normal LBMD-Z values (p = 0.002) and a reduction in the 
number of patients at risk of fracture. 

It further suggests that estrogens may have the 
capacity to mitigate glucocorticoid-induced osteo- 
porosis as well as involutional osteoporosis, as 
postulated by some earlier investigators? o, 51 

Differences between drugs 

These data do not provide a suitable basis for 
estimating the relative toxicity of one inhaled 
steroid versus another. However, the significant 
association between higher daily doses of inhaled 
steroid and lower LBMD-Z values that is docu- 
mented in Table III remained significant (p = 
0.013) when the analysis was limited to those 
patients who were taking budesonide at the time 
bone density was measured. In addition, the over- 
all results of the ANCOVA in this subset of 
patients', were identical with those shown in Table 
III. Thus budesonide--the least toxic of the three 
inhaled steroids to which our patients had been 
exposed--is not free from this adverse effect on 

bone density, and it is reasonable to assume the 
association applies to inhaled steroid drugs in 
general. 

Further studies 

Prospective controlled studies are required to test 
the above mentioned hypotheses, that is, (1) the 
existence of two different mechanisms by which in- 
haled steroid therapy may influence bone density, 
one direct and the other indirect, and (2) the capacity 
of supplemental estrogen to prevent or correct glu- 
cocorticoid-induced osteoporosis in women. 

Studies are also needed of adolescents and 
young adults up to 30 years of age to determine (1) 
the effect of inhaled steroid therapy on the maxi- 
mum bone density achieved during their formative 
years, and (2) whether genetic factors that influ- 
ence skeletal metabolism may interact with inhaled 
steroid therapy to reduce bone density and in- 
crease the risk of fracture in some persons. 
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FIG. 3. Relationships between the sex of the patients and their long-term exposures to inhaled 
and oral steroids, as co-determinants of LBMD-Z. The group was subdivided at the median value 
for both years of prednisone use and the cumulative dose of inhaled steroid. Adjusted means -+ 
2 SEM are shown. Shaded bars indicate means significantly lower than normal. Women showed 
more normal LBMD-Z values than did men when subgroups with equivalent long-term 
exposures to inhaled and oral steroid were compared. 

Clinical implications 

These data indicate that the long-term use of 
inhaled steroid drugs is consistent with near nor- 
mal or normal bone density and little or no in- 
crease in the risk of fracture (Fig. 3). They suggest 
that, in adults with prednisone-dependent asthma, 
long-term inhaled steroid therapy may lead to 
increases in bone density and a clinically important 
reduction in the risk of fracture (Fig. 2 and Tables 
II and III). They further suggest that these bene- 
ficial outcomes may accrue despite prolonged ex- 
posure to oral steroid in the past or the current use 
of relatively high daily doses of inhaled steroid, or 
both. Thus inhaled steroid is strongly favored over 
oral steroid therapy as the preventative treatment 
of choice in patients with moderate or severe 
chronic asthma. 

The data also indicate that supplemental estro- 
gen therapy may allow preservation of normal 
bone density in postmenopausal asthmatic women 
despite prolonged exposure to inhaled and oral 
steroid therapy (Fig. 3). 

On the other hand, the evidence for a direct 
bone-depleting effect of the daily dose of inhaled 
steroid that is independent of past or current oral 
steroid usage (Table III and Fig. 1) is cautionary. 
As shown in Fig. 1, a dose of 2.0 mg inhaled steroid 
per day may be expected to reduce bone density by 
1 SD, which implies that the lifetime risk of 
fracture resulting from osteoporosis would be in- 
creased about 1.5- to 3-fold? 2 Doses of this order 
(->2.0 mg/day) are required by only about 5% of 
adult patients attending our tertiary care clinic. 52 
In such patients co-treatment with nedocromil or 
theophylline (or both) may facilitate reduction of 
their daily dose of inhaled steroid. 53, 54 In all cases 
the daily dose of inhaled steroid should be titrated 
individually and appropriate ancillary measures 
applied, 55,56 so as to minimize patients' overall 
exposure to both inhaled and oral steroid drugs. 

Given the modest degree of bone loss that was 
observed in these patients treated with inhaled 
steroid for long periods, bone densitometry could 
reasonably be considered for assessment of frac- 
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ture risk, particularly in patients over 50 years of 
age and in postmenopausal women not receiving 
estrogen replacement therapy. 

We are grateful to the patient volunteers who partic- 
ipated in this study, B. J. McCauley,  RN, for coordinat -  
ing the  project ,  J. Ander son ,  RT, for providing data-  
m a n a g e m e n t  assistance, and  P. Fos ter  for  p repar ing  the  
manuscr ipt .  The  statistical analyses were  pe r fo rmed  in 
the  s ta tLab ,  U.W.O.,  by J.C.B. and  A. Benn,  MSc. 

REFERENCES 

l. Barnes PJ. A new approach to the treatment of asthma. 
N Engl J Med 1989;321:1517-27. 

2. Hargreave FE, Dolovich J, Newhouse MT. The assessment 
and treatment of asthma: a conference report. J ALLERGY 
CLIN IMMUNOL 1990;85:1098-111. 

3. Kerrebijn KF. Use of topical corticosteroids in the treat- 
ment of childhood asthma. Am Rev Respir Dis 1990;141: 
$77-81. 

4. British Thoracic Society. Guidelines for management of 
asthma in adults, I: chronic persistent asthma. Br Med J 
1990;301:651-3. 

5. Canadian Paediatric Society. Treatment of chronic asthma 
in children: the changing role of inhaled corticosteroids. 
Can IVied Assoc J 1991;145:637-8. 

6. US Department of Health and Human Services. Guidelines 
for the diagnosis and treatment of asthma. National 
Asthma Education Program: Expert Panel Report (Publi- 
cation 91-3042:1-135). Washington: US Department of 
Health and Human Services, 1991. 

7. Haahtela T, Jarvinen M, Kava T, et al. Comparison of a 
B2-agonist , terbutaline, with an inhaled corticosteroid, 
budesonide, in newly detected asthma. N Engl J Med 
1991;325:388-92. 

8. US Department of Health. International consensus report 
on diagnosis and management of asthma. Washington: US 
Department of Health, 1992:1-71. 

9. Toogood JH, Hodsman AB. Effects of inhaled and oral 
corticosteroids on bone. Ann Allergy 1991;67:87-90. 

10. Ward MJ. Inhaled corticosteroids--effect on bone? Respir 
Med 1993;87:33-6. 

11. Toogood JH, Sorva R, Puolijoki H. Review of the effects of 
inhaled steroid therapy on bone. International Journal of 
Risk and Safety in Medicine 1994;5:1-44. 

12. Lukert BP, Raisz LG. Glucocorticoid-induced osteoporo- 
sis: pathogenesis and management. Ann Intern Med 1990; 
112:352-64. 

13. Jennings BH, Anderson K-E, Johansson S-A. Assessment 
of systemic effects of inhaled glucocorticoids: comparison 
of the effects of inhaled budesonide and oral prednisolone 
on adrenal function and markers of bone turnover. Eur J 
Clin Pharmacol 1991;40:77-82. 

14. Hodsman AB, Toogood JH, Jennings B, Fraher LJ, Basker- 
ville JC. Differential effects of inhaled budesonide and oral 
prednisolone on serum osteocalcin. J Clin Endocrinol 
Metab 1991;72:530-40. 

15. Toogood JH, Jennings B, Hodsman AB, Baskerville J, 
Fraher LJ. Effects of dose and dosing schedule of inhaled 
budesonide on bone turnover. J ALLERGY CLIN IMMUNOL 
1991;88:572-80. 

16. Sorva R, Turpeinen M, Juntunen-Backman K, Karonen SL, 
Sorva A. Effects of inhaled budesonide on serum markers 

of bone metabolism in children with asthma. J ALLERGY 
CLIN IMMUNOL 1992;90:808-15. 

17. Markov AE, Toogood JH, Hodsman AB, Steer B, Fraher 
LJ. Differential effects of inhaled budesonide and oral 
prednisone on biochemical markers of skeletal and adrenal 
function [Abstract]. J Bone Min Res 1992;7:$97. 

18. Pouw EM, Prummel MF, Ooosting H, Roos CM, Endert E. 
Beclomethasone inhalation decreases serum osteocalcin 
concentrations. Br Med J 1991;302:627-8. 

19, Puolijoki H, Lippo K, Herrala J, Salmi J, Tala E. Inhaled 
beclomethasone decreases serum osteocalcin in postmeno- 
pausal asthmatic women. Bone 1992;13:285-8. 

20. Jennings BH. A comparison of budesonide and be- 
clomethasone dipropionate in healthy volunteers. In: The 
assessment of systemic effects of inhaled glucocorticoids 
]Doctoral thesis[. Department of Clinical Pharmacology, 
University of Lund, Sweden. 1990;VII:1-14. 

21. Ali NJ, Capewell S, Ward MJ. Bone turnover during high 
close inhaled corticosteroid treatment. Thorax 1991;46: 
160-4. 

22. Ross PD, Wasnich RD, Heilbrun LK, Vogel JM. Definition 
of a spine fracture threshold based upon prospective frac- 
ture risk. Bone 1987;8:271-8. 

23. Wasnich RD, Ross PD, Davis JW, Vogel JM. A comparison 
of single and multi-site BMC measurements for assessment 
of spine fracture probability. J Nucl Med 1989;30:1166-71. 

24. Hui SL, Slemenda CW, Johnston CC Jr. Baseline measure- 
ment of bone mass predicts fracture in white women. Ann 
Intern Med I989;111:355-61. 

25. Melton JL III, Wahner HW. Defining osteoporosis. Calcif 
Tissue Int 1989;45:263-4. 

26. Johnston CC, Slemenda CW, Melton LJ. Clinical use of 
bone densitometry. N Engl J Med 1991;324:1105-9. 

27. Ross PD, Keilbrun LK, Wasnich RD, Davis JW, Vogel JM. 
Perspectives: methodologic issues in evaluating risk factors 
for osteoporosis fractures. J Bone Min Res 1989;4:649-56. 

28. Wasnich RD. Bone mass measurements in diagnosis and 
assessment of therapy. In: Consensus Development Con- 
ference on Osteoporosis. Am J Med 1991;91:54s-8s. 

29. Johnston CC Jr, Slemenda CW. Risk prediction in osteo- 
porosis: a theoretic overview. In: Consensus Development 
Conference in Osteoporosis. Am J Med 1991;91:47s-53s. 

30. Stamp TCB. Metabolic and endocrine aspects of rheumatic 
disease. Clin Rheumatic Dis 1991;12:636-54. 

31. Ross PD, Davis JW, Epstein RS, Wasnich RD. Pre-existing 
fractures and bone mass predict vertebral fracture inci- 
dence in women. Ann Intern Med 1991;114:919-23. 

32. Kanis JA. What constitutes evidence for drug efficacy in 
osteoporosis? Drugs Aging 1993;3:391-9. 

33. Ip MSM, Lain KSL, Yam LYC, Kung AWC, Wong PO. 
Decreased bone mineral density in asthma patients on long 
term inhaled steroids [Abstract]. Am Rev Respir Dis 
1993;147:A293. 

34. Packe GE, Douglas JG, McDonald AF, Robbins SP, Reid 
DM. Bone density in asthmatic patients taking high close 
inhaled beclomethasone dipropionate and intermittent sys- 
temic corticosteroids. Thorax 1992;47:415-7. 

35. Stead R J, Horsman A, Cooke N J, Belchetz P. Bone mineral 
density in women taking inhaled corticosteroids [Abstract]. 
Thorax 1990;45:792. 

36. Reid DM, Nicoll JJ, Smith MA, Higgins B, Tothill P, Nuki 
G. Corticosteroids and bone mass in asthma: comparisons 
with rheumatoid arthritis and polymyalgia rheumatica. Br 
Med J 1986;293:1463-6. 



166 T o o g o o d  et al. J ALLERGY CLIN IMMUNOL 
AUGUST 1995 

37. Boulet LP, Giguere MC, Milot J, Brown J. Long-term 
effects of high-dose inhaled steroids on bone turnover and 
density [Abstract]. Am Rev Respir Dis 1993;147:A293. 

38. Konig P, Hillman L, Cervantes C, et al. Bone metabolism in 
children with asthma treated with inhaled beclomethasone 
dipropionate. J Pediatr 1993;!22:219-26. 

39. Wolff AH, Adelsberg B, Aloia J, Zitt M. Effect of inhaled 
corticosteroid on bone density in asthmatic patients: a pilot 
study. Ann Allergy 1991;67:117-21. 

40. Crompton GK. Corticosteroids and bone mass in asthma 
[Letter]. Br Med J 1987;294:123. 

41. Toogood JH, Baskerville J, Jennings B, Lefcoe NM, Johan- 
sson SA. Use of spacers to facilitate inhaled cortic0steroid 
treatment of asthma. Am Rev Respir Dis 1984;129:723-9. 

42. Cummings SR, Black DM, Nevitt M, et al. Bone density at 
various sites for prediction of hip fractures. Lancet 1993; 
341:72-5. 

43. SAS Institute Inc. SAS/STAT user's guide, version 6, fourth 
edition, volume 2. Cary, North Carolina: SAS InstitUte Inc., 
1989;864pp. 

44. Hahn TJ, Boisseau VC, Avioli LV. Effect of chronic 
corticosteroid administration on diaphyseal and metaphy- 
seal bone mass. J Clin Endocrinol Metab 1974;39:274-82. 

45. Dykman TR, Gluck PS, Murphy WA, Hahn TJ, Hahn BH. 
Evaluation of factors associated with glucocorticoid- 
induced osteopenia in patients with rheumatic diseases. 
Arthritis Rheum 1985;28:361-8. 

46. Pocock NA, Eisman JA, Dunstan CR, Evans RA, Thomas 
DH, Huq NL. Recovery from ster0id-induced osteoporosis. 
Ann Intern Med 1987;107:319-23. 

47. Lufkin EG, Wahner HW, Bergstralh EJ. Reversibility of 
steroid-induced osteoporosis. Am J Med 1988;85:887-8. 

48. Manning P, Evans MC, Reid IR. Axial bone density 

following cure of Cushing's syndrome: evidence for revers- 
ibility of steroid osteoporosis: In: Christiansen C, Over- 
gaard K, eds. Osteoporosis 1990. Copenhagen: Osteopress, 
1990:1585-6. 

49. Rizzato G, Montemurro L. Reversibility of exogenous 
corticosteroid-induced bone loss. Eur Respir J 1993;6: 
116-9. 

50. Nagant de Deuxchaisnes C, Devogelaer JP, Esselinckx W, 
et al. The effect of low dosage glucocorticoids on bone mass 
in rheumatoid arthritis: a cross-sectional and a longitudinal 
study using single photon absorptiometry. Adv Exp Med 
Biol 1984;171:210-39. 

51. Studd J, Sawas M, Johnson M. Correction of corticoste- 
roid-induced osteoporosis by percutaneous hormone im- 
plants. Lancet 1989;1:850-1. 

52. Toogood JH, Laity A, Mazza JA, Moote DW. Ambulatory 
care for chronic asthma in a tertiary referral clinic [Abstract]. 
J ALLERGY CLIN IMMUNOL 1992;89:186. 

53. Nassif EG, Weinberger M, Thompson R, Huntley W. The 
value of maintenance theophylline in steroid-dependent 
asthma. N Engl J Med 1981;304:71-5. 

54. Wong CS, Cooper S, Britton JR, Tattersfield AE. Steroid 
sparing effect of nedocromil sodium in asthmatic patients 
on high doses of inhaled steroids. Clin Exp Allergy 1993; 
23:370-6. 

55. Toogood JH, Jennings B, Baskerville JC, Lefcoe NM. 
Aerosol corticosteroids. In: Weiss EB, Stein M, eds. Bron- 
chial asthma mechanisms and therapeutics. 3rd ed. Boston: 
Little, Brown and Company, 1993:818-41. 

56. Selroos O, Halme M. Effect of a volumatic spacer and 
mouth rinsing on systemic absorption of inhaled corticoste- 
roids from a metered dose inhaler and dry powder inhaler. 
Thorax 1991;46:891-4. 

1-800-55-MOSBY 
This number links you to the full text of articles published in over 25,000 journals, including all 

Mosby journals. MOSB¥ Document Express ®, a rapid response information retrieval service, 
provides quick turnaround, 24-hour availability, and speedy delivery methods. For inquiries and 
pricing information, call our toll-free, 24-hour order line: 1-800-55-MOSBY; outside the United 
States: 415-259-5046; fax: 415-259-4019; E-mail: mosbyexp@class.org. 

MOSBY Document Express TM is offered in cooperation with Dynamic Information Corp. 


