Inhaled steroids and bone metabolism in clinical
perspective
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Inhaled corticosteroids have become the mainstay of maintenance treatment in asthma in adults, and
they are also being advocated for early use in children. The systemic side effects of inhaled steroids are
much less than those from systemic steroids needed for comparable asthma control. Long term use of
systemic corticosteroids is known to cause osteoporosis, and the risks from inhaled therapy are currently
under study. There are reports of changes in biochemical parameters of bone metabolism due to inhaled
corticosteroids, suggesting depression of bone formation and increase in bone resorption. However, the
significance of biochemical changes in relation to bone mass and architecture is not known, Cross-sec-
tional studies of bone mass suggest that dosages of more than 1 mg daily in adults may be associated with
a decrease in bone mineral density. Longitudinal studies are needed to confirm the findings and define
more clearly the profile and risk factors of bone loss. Current data in children show that inhaled corticos-
teroid in the usual therapeutic dose range has no detrimental effect on long term statural growth, while
effects on peak bone mass are not yet known. The magnitude of measurable adverse effects were found to
be dose-dependent, hence, the use of a minimum effective dose is recommended. Patients on inhaled
corticosteroid therapy should maintain optimal intake of calcium and vitamin D. Physical activity should

be encouraged and oestrogen replacement therapy in postmenopausal women considered.
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Introduction

Inhaled corticosteroid therapy has become the main-
stay of treatment in chronic asthma, and it is also used
in some patients with chronic bronchitis and emphy-
sema.'~* It is usually given in a dose range of 200 pg to
2 mg daily, while selected cases may be given higher
doses.! There are several preparations of inhaled
corticosteroids. including beclomethasone dipro-
pionate, budesonide, flunisolide, triamcinolone aceto-
nide, and, more recently, fluticasone propionate. Apart
from inhaling via the oropharynx, as in obstructive
airways diseases. corticosteroids may also be inhaled
via the nasal route, for treatment of rhinitis.* The dos-
age for this purpose is usually lower, in the range of
200 to 400 g daily.

Systemic steroids are known to cause bone loss—
particularly trabecular bone loss—and the risk is likely
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to be dose- and duration-related.™® The clinical mani-
festation is bone fractures—in particular vertebral and
rib fractures. Compared with systemic steroids, the
dose of mhaled corticosteroids is low, and systemic
absorption of most preparations via the gastrointestinal
tract undergoes extensive first-pass metabolism, hence,
their systemic side effects are fewer.”* It has been
shown that inhaled steroids up to a dose of 1.5 mg
daily are not associated with significant hypothalamic-
pituitary-adrenal axis suppression, and above this dose,
variable biochemical suppression may occur in a mi-
nority. but the overall clinical effects are viewed as
insignificant.” A remaining area of concern is the ef-
fect on bone metabolism——a subject currently under
scrutiny.

Why the concern?

Inhaled sterotds are used by many asthma patients. It
is currently recommended that all patients with more
than very mild asthma should be given long term regu-
lar inhaled steroids.'” This trend is a worldwide one,
and it is only a minority of asthma patients that need
chronic oral steroid therapy.



Inhaled steroids are becoming the advocated main-
tenance treatment for asthma in childhood—the pe-
riod of bone growth.” The use of inhaled steroids in
most patients is continuous and probably life-long,
except for those with childhood asthma who go into
remission. Minor effects on bone turnover may be cu-
mulative. There is a trend to liberalise the high dose
range of inhaled corticosteroids. It stands to reason
that side effects may be more significant as the dose
increases. Subtle negative effects may be potentiated
by other factors that operate to decrease bone mass.

Studies of biochemical changes of bone
metabolism

Although osteoporosis is a well-known side effect of
treatment with glucocorticoids, the exact mechanisms
by which they induce osteopenia are not completely
understood.” The evidence suggests that a corticoster-
oid excess reduces bone formation and increases bone
resorption directly, and indirectiy acts on the pituitary-
gonadal axis. pituitary-adrenal axis, intestinal calcium
absorption, renal tubular calcium absorption, and sec-
ondary hyperparathyroidism.>®

The most commonly used biochemical markers of
bone turnover include urinary hydroxyproline, a prod-
uct of collagen breakdown, and serum osteocalcin as
a marker of bone formation, however, these are not
exclusively specific indices.'' Many studies have found
biochemical evidence of increased bone resorption or
decreased bone formation with the use of inhaled
corticosteroids. Inhaled beclomethasone given for four
weeks in a high dose (2000 pg daily) was shown ta
increase urinary hydroxyproline in normal subjects,
while inhaled budesonide in a similar dose range had
no such effect.'? Serum osteocalcin has been found to
be decreased in normal or asthmatic subjects given
high-dose inhaled corticosteroids.'* "> Another study
reported an immediate suppression of serum
osteocalcin by inhaled beclomethasone in a dose of 2
mg daily in healthy subjects.'? Likewise, normal sub-
Jects given inhaled budesonide 1.2 or 2.4 mg daily for
two weeks showed a decrease in serum osteocalcin.'
A decrease in serum osteocalcin and carboxy-
propeptide type I procollagen was seen in asthmatic
children using inhaled budesonide compared with those
using sodium chromoglycate.'”

In contrast, no significant change was observed in
several markers of bone turnover {including serum
osteacalcin and urinary deoxypyridinoline cross links),
in patients treated with long term inhaled
beclomethasone.'®!” The discrepancy between short

Inhaled steroids and bone metabolism

term and long term studies may be due to some self-
adjusting effect of bone metabolism.'® It has been found
that bone loss was most pronounced in the first six
months of systemic corticosteroid treatment, and there-
after slowed down."”

The finding of biochemical derangement does not
equate with a change of bone mass. However, it does
reflect that inhaled corticosteroids can affect bone
metabolism, and raises the possibility of more signifi-
cant sequelae. The ultimate goal is to evaluate the ef-
fect on bone mass and architecture, which are the pri-
mary determinants of osteoporosis, and its most sig-
nificant consequence—bone fracture.

Studies of bone mass

The side effects of chronic systemic corticosteroid
treatment 1n asthma are well documented, causing de-
creased bone mass and an increased fracture inci-
dence.” ' The effects of inhaled corticosteroids are not
as well documented. Several studies have attempted
to evaluate bone mass in asthma patients taking in-
haled sterotds. An 8.8% decrease in total body cal-
cium in patients on inhaled steroid therapy compared
with 22 control patients (eight postmenopausal fe-
males) was noted. No such decrease was seen in 12
asthma patients not receiving steroid treatment.'” How-
ever, the dose or duration of inhaled steroid therapy
was not stated. Moreover, the control group of patients
not receiving steroid treatment was much vounger, al-
though it has been reported that total body calcium
hasno relation to age per se. A more recent study found
no increase in bone loss as measured by dual photon
absorptiometry over two years in adults treated with a
mean daily dose of 630 ug of beclomethasone.*

A subsequent study assessed three groups of asthma
patients. One group did not receive steroid treatment;
another was given inhaled steroids (1000 to 2000 pg
daily) and intermittent booster courses of systemic
steroids; the third group was given inhaled steroids
and continuous oral steroids at a median dose of 7 mg
prednisolone daily.'” Bone density estimated by quan-
titative computed tomography was found to be signifi-
cantly lower in the two groups receiving steroids com-
pared with the control group, which comprised patients
with milder asthma, not receiving any steroid treatment.
No difference was found between the two steroid-
treated groups.

We recently demonstrated a decrease in bone min-
eral density (BMD) in Chinese asthma patients treated

with long term inhaled corticosteroids.” In a cross
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sectional study of 18 premenopausal female and 12
male patients who received inhaled corticosteroid
therapy at an average dose of 1100 g daily for a mean
period of 40 months, with fewer than four booster
courses of systemic steroid during this time, we found
a significant decrease in BMD at the hip and lumbar
spine regions, compared to sex-, age- and body mass
index-adjusted controls. Further analysis showed that
the decrease was only seen in the female patients (p =
0.039, lumbar spine; p = 0.0494, neck of femur; p =
0.0245 Ward’s triangle). This difference may be due
to the small number of male patients or it may be a
genuine phenomenon relating to greater susceptibility
to osteoporosis in females, independent of menopau-
sal status. In the female patients, there was a negative
correlation between spinal and trochanteric BMD and
average daily dose of inhaled steroids (p = 0.054 and
p = 0.047 respectively), and a positive correlation be-
tween trochanteric BMD and body mass index (p =
0.03). The effect of asthma per se on bone mass could
not be definitively excluded since the control group
consisted of normal subjects rather than asthma pa-
tients, but it was practically impossible to find adult
patients in our clinics who had similar severity of
asthma who had not received any oral or inhaled ster-
oids. It would be fallacious to use a control group of
mild asthma patients as the mechanisms leading to
decreased bone mass (BM) in asthma are likely to be
immobility and malnutrition as a consequence of
poorly controlled disease. It is important to note that
our patients had a relatively low dietary calcium in-
take of about 500 mg daily, which could have been a
predisposing factor to corticosteroid susceptibility.

The findings of others and our own suggest that
long term inhaled corticosteroids of over 1000 pg daily
are associated with some detrimental BM effect. Al-
though some of the patients in both studies had re-
ceived a few booster courses of systemic steroids—
thus confounding the effect of inhaled steroids—these
patients also represent the common scenario of mod-
erate chronic asthma patients in clinical practice. It is
likely that the results of clinical studies will always be
clouded by the need for intermittent systemic steroids
to control asthma exacerbations. In practice, the im-
plications are the same—these patients are at risk for
developing osteoporosis.

Inhaled steroids in children

Inhaled sterotds are now accepted as the mast effec-
tive maintenance treatment for moderate or severe
asthma in children.” The suppressive effect of regular
systemic steroids on growth, including skeletal growth,

50 HKMIJ Vol | No | March 1995

is well established.”® The potential for inhaled steroids
to cause similar side effects is understandably a major
concern. Studies on children have employed various
parameters as the index of growth—height velocity,
knemometry. bone biochemical parameters, and bone
densitometry. However. several issues should be em-
phasised when one evaluates the available data. Growth
as measured by height is not the same as bone growth
determined by BM, and the latter may be adversely
affected without any significant change seen in height
attained. Growth measured over a period may not re-
flect final growth attained.”” In addition, growth fail-
ure or retardation may occur in childhood asthma, in-
dependent of any effect related to corticosteroid use.?’
Hence, any negative effect caused by inhaled steroids
should be weighed against the positive effects due to
the patient having better-controlled asthma.

The several placebo-contrelled studies which
looked at height gain in asthmatic children on inhaled
steroids have reported conflicting results. One study
showed no deleterious effect on growth as measured
by height velocity. in over 200 asthmatic children on
inhaled budesonide doses of less than 400 pg daily for
three to six years compared with asthmatic children
not on inhaled steroid.” Similarly, an open study found
no growth impairment in 15 young children (mean age
five years) treated with 200 pg budesonide daily for a
mean period of four years.”” A recent meta-analysis
also demonstrated normal statural growth in children
on a median daily dose of 400 mg of Becloforte. How-
ever, several other studies have reported reduced growth
velocities, although these were short term assessments
conducted over several weeks or months.*'# It is likely
that children make compensatory growth adjustments
in the long term, especiaily as their asthma comes un-
der control.”” These studies also consistently showed
that any short term growth suppression was dose-re-
lated. A dosage of 800 pg budesonide daily for 12
weeks was associated with a decrease in height veloc-
ity, however, the long term effects are not yet known.*""
1 The evidence suggests that long term treatment with
inhaled steroids at doses of less than 800 ug daily is
not associated with a diminution of final height at-
tained, but the effect of higher doses remains to be
seen.

Few studies have evaluated BM in children. Chil-
dren experience an increase in BM up to late teenage
or early adulthood when peak BM is attained. and only
lose bone gradually thereafter.*** Hence, it is impor-
tant to look at the effect of inhaled steroids on the at-
tainment of peak BM rather than a loss of BM. It is
equally important to evaluate poor growth induced by




inhaled steroids, if any, against that induced by poorly-
controlled asthma. A recent longitudinal study looked
at the effect of beclomethasone diproprionate on bone
mineral content assessed by dual energy X-ray densi-
tometry in asthmatic children.* It is worthwhile to note
that although Becloforte for six months at a dose of
300 to 400 pg daily did not cause bone loss, a slightly
reduced gain in BM was noted with respect to a con-
trol asthmatic group not given inhaled steroids. Fur-
ther follow-up studies are needed.

Inhaled steroids in the elderly

Apart from elderly chronic asthmatics, inhaled
corticosteroids are also used in elderly patients suffer-
ing from chronic bronchitis and emphysema. It is an
important population to study because there are many
other significant risk factors at play, including age,
menopausal status, smoking history, decreased mobil-
ity and malnutrition, due to respiratory incapacitation.
At present, there is a dearth of data in this area.

The problem in clinical perspective

There is biochemical evidence of a negative effect on
bone turnover from inhaled corticosteroids, although
the significance of these changes in relation to BM is
not known. Current available data suggest that long
term inhaled steroids in a dose of more than 1000 ug
daily lead to a decrease in trabecular BM. However,
the issue is not clearly settled, since studies looking at
BM are mostly cross-sectional, and therefore contami-
nated by confounding variables. Longitudinal studies
will give a clearer picture of the profile and risk fac-
tors of bone loss in these patients. We are currently
conducting a prospective longitudinal study on BMD
before and after commencement of inhaled cortico-
steroid therapy for asthma. It is also important to study
the incidence of fractures since the decrease in bone
density is of a lesser magnitude than those on sys-
temic steroids suggesting a lower risk of bone frac-
tures, but bone density is not the only determinant of
fracture risk and it has been suggested that cortico-
steroid-induced osteoporosis is associated with ver-
tebral fractures at a higher BMD than involutional
osteoporosis,'’*

From a clinical perspective, inhaled steroids in
asthma have greatly helped to control the disease, and
have enabled systemic steroids to be used less. Even
though the adverse effects of inhaled corticosteroids
on bone metabolism have not been fully elucidated,
present evidence suggests the effects are much less
than those caused by systemic steroids for compara-
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ble asthma control.” The possibility of some potential
adverse effects should not deter physicians from us-
ing inhaled corticosteroids. In practical terms, inhaled
steroid therapy is a useful measure for preventing the
severe bone problems seen with chronic oral steroid
treatment in difficult asthma.

Attention should be directed to prophylactic meas-
ures to minimise any bone loss from long term inhaled
therapy, so that patients can derive the full benefit of
treatment with minimal side effects. In line with pre-
ventive measures for involutional osteoporosis and
steroid-induced osteoporosis, a calcium intake of 1000
to 1500 mg daily and adequate vitamin D should be
recommended in patients on inhaled corticosteroids.”’
This is particularly relevant in Hong Kong since the
dietary calcium intake of our patients is likely to be
low. as with the general Hong Kong population.®-*
Children on inhaled corticosteroid therapy are also
likely to benefit from such measures, since it has been
shown that healthy prepubertal children given calcium
supplementation showed a bigger increase in BMD
compared with those given placebo.* Exercise should
be encouraged. and because better asthma control al-
lows a child to exercise more, inhaled steroid miti-
gates its own adverse effect on bone metabolism. It
seems reasonable that inhaled steroid use is an addi-
tional indication for oestrogen replacement therapy in
postmenopausal patients, although there are as yet
scanty scientific data on this aspect.* The role of more
aggressive prophylactics, including calcitonin,
diphosphonates and sodium fluoride, will need sys-
tematic evaluation. The relationship between side ef-
fects and efficacy varies between different inhaled
corticosteroids, and some new preparations may have
better topical-systemic activity ratios.”*' The use of
large volume spacers and mouthwashing after inhala-
tion decrease oropharyngeal systemic absorption.® Fi-
nally, systemic side effects from inhaled therapy ap-
pear to be dose-dependent, therefore it is important to
remember that the inhaled steroid dose should be tai-
lored according to variations in patient status so that
the minimum effective dose is used.

References

. Woodhead M, editor. Guidelines on the management of asthma.
Thorax 1993:48 (Suppl): 1S-248S.

2. International asthma management project. International
consensus report on the diagnosis and management of asthma.
Clin Exp Allergy 1992;22(t Suppl):285-385.

3. Weir DC. Gove RI. Robertson AS, Burge PS. Corticosteroid
trials in non-asthmatic chronic airflow obstruction. Thorax
199(;45:112-7.

4. Meltzer EQ, Schatz M. Pharmacotherapy of rhinitis: 1987 and

HKMIJ Vol I No 1 March 1995 51



Ipetal

9.

52

beyond. Immunol Allergy Clin North Am 1987:7:57-91.
Hodgson SF. Corticosteroid-induced osteoporosis. In: Tiegs
RD, editor. Endocrinology and Metabolism Clinics of North
America. Philadelphia: WB Suunders, 1990:93-113.

Reid IR. Pathogenesis and treatment of steroid osteoporosis.
Clin Endocrinol 1989:30:83-103.

Check WA, Kaliner MA. Pharmacology and pharmacokinetics
of topical corticosteroid derivatives used for asthma therapy.
Am Rev Respir Dis 1990:14]1 (Suppl):445-518.

Barnes PJ. Pedersen S. Etficacy and safety of inhaled
corticosteroids in asthma. Am Rev Respir Dis 1993:148 (4
Suppl):15-268S.

Asthma: a follow-up statement from an international paediatric
asthma consensus group. Arch Dis Child 1992:67:240-8.

. Otulana BA. Varma N, Bullock A. Higgenbottam T. High dose

nebulized sterotd in the treatment of chronic steroid-dependent
asthma. Respir Med 1992:86:105-8.

. Boyd Q. Effect of inhaled corticosteroids on bone. Respir Med

1994:88(Suppi A):455-528.

. AliNJ. Capewell S. Ward M. Bone turnover during high dose

inhaled coticosteroid treatment. Thorax 1991:46:160-4.

. Pouw EM. Prummel MF, Qosting H, Roos CM, Endert E.

Beclomethasone inhalation decreases serum osteocalein
concentrations. BMJ 1991:302:627-8.

. Toogood JH. Jennings B, Hodsman AB. Baskerville J. Fraher

LJ. Etfects of dose and dosing schedule of inhaled budesonide
on bone turnover. J Allerey Clin Immunol 1991:88:572-80.

. Sorva R, Turpeinen M, Juntunen-Backman K, Karonen S-L.

Sorva A, Effects of inhaled budesonide on serum markers of
bone metabotism in children with asthma. J Allergy Clin
Immunol 1992:90:808-15,

. Kerstjens HA. Postma DS, van Doormaal JJ, et al. The Dutch

CNSLD Study Group. Etfects of short term and long term
treatment with inhaled corticosteroids on bone metabolism in
patients with airways obstruction. Tharax 1994:49:652-6.

. Packe GE. Douglas JG. McDonald AF. Robins SP. Reid DM.

Bone density in asthmatic patients taking high dose inhaled
heclomethasone dipropionate and intermittent systemic
corticosteroids. Thorax 1992:47:414-7.

. Prummel MF. Wiersinga WM. Lips P. Sanders GT. Sauerwein

HP. The course of biochemical parameters of bone turnover
during treatment with corticosteroids. J Clin Endocrinol Metab
1991.72:382-6.

. Lo Cascio V, Bonucei E. Imbimbo B, et al. Bone loss after

glucocorticoid therapy. Caleif Tissue Int 1984:36:435-8.

. Reid DM. Nicoll J1. Smith MA_ Higgins B, Tothill P, Nuki G.

Corticosteroids and bone mass in asthma: comparisons with
rheumatoid arthritis and polymyalgia rheumatica. BMJ
1986:293:1463-6.

- Adinoff AD, Hollister IR. Steroid-induced tractures and bone

toss in patients with asthma. N Engl J Med 1983:309:265-8.

. Ruegseggar P. Medici TC. Anliker M. Corticostereid-induced

bone Toss: a longitudinal study of alternate day therapy in
patients with bronchial asthma using quantitative computed
tomography. Eur J Clin Pharmacol 1983:25:615-20.

. Luengo M, Picado C. Del Rio L. Guanabens N. Montserrat

HKMJ Vol | No | March [995

JM. Setoain J. Vertebral fractures in steroid dependent asthma
and involutional osteoporosis. Thorax 1991:.46:803-6.

24. Luengo M, Del Rio L. Guanabens N, Picado C. Long term

26.
27.

33.

34

35.

36.

RS

38.

39.

40.

41

effect of oral and inhaled glucocorticoids on bone mass in
chronic asthma: a two year follow-up study. Eur Respir J Suppi
1991:4 (14 Suppl):342S.

IpM.Lam K, Yam L. Kung A, Ng M. Decreased bone mineral

density in premenopausal asthma patients receiving long-term
inhaled steroids. Chest 1994:105:1722-7.

Hughes [A. Steroids and growth. BMI 1987:295:683-4.
Russel G. Childhood asthma and growth: a review of the
literature. Respir Med 1994:88 (Suppl A):318-375.

. Agertoft L. Pederson S. Effects of long-term treatment with

an inhaled corticosteroid on growth and pulmonary function
in asthmatic children. Respir Med 1994:88:373-82.

. Volovitz B. Amir J. Malik H. et al. Growth and pituitary-adrenal

function in children with severe asthma treated with inhaled
budesomde. N Engl J Med 1993.329:1703-8.

. Allen DB, Mullen M. Mullen B. A meta-analysts of the ettect

of oral and inhaled corticosteroids on growth. J Allergy Clin
Immunol 1994:93:967-76.

. Mackenzie CA, Wales JK. Growth in asthmatic children. BMJ

1991:303:163-5.

. Wolthers OD, Pederson §. Growth of asthimatic children during

treatment with budesonide: a double blind trial. BMI]
1991:303:163-5.

Wolthers OD, Pederson S. A controlled study of linear growth
in asthmatic children during treatment with inhaled
glucocorticoids. Pediatrics 1992:89:839-42.

Lu PW, Cowell CT. Briody JN. Lloyd-Jones SA, Howman-
Giles R. Bone mineral density from childhood to early
adulthoed: lumbar spine versus femoral shaft. Proceedings of
the Tenth Oceania Congress of Endocrinology: 1994 Oct 30-
Nov 3: Beijing. Beijing: 1990:1-36.

Riggs L, Melton LI Involutional ostcoporosis. N Engl I Med
1986:314:1676-84.

Baraldi E. Bollini MC, De Marchi A, Zacchello F. Effect of
beclomethasone diproprionate on bone mineral content
assessed by X-ray densitometry in asthmatic children: a
longitudinal evaluation. Eur Respir J 1994:7:710-4.

Riis B. Thomsen K., Christiansen C. Does calcium supplement
prevent postmenopausal bone loss? N Engl J Med
1987;316:173-7.

Pun KK, Chan LW, Chung V. Wong FH. Calcium and other
dietary constituents in Hong Kong Chinese in relation to age
and ostcoporosis. J Appl Nutr 1990:42:12-7.

Johnston CC Jr. Miller JZ. Slemenda CW. et al. Calcium
supplementation and increases in bone mineral density in
children. N Engl J Med 1992:327:82-7.

Toogood JH, Baskerville J, Hodsman A, Fraher L, Markov A,
Etfects of tong term inhaled steroid (1-S) and oral steroid (O-
S} therapy on bone mineral density (BMD) in asthmatic adults
labstract]. J Allergy Clin Immunol 1994:93:200.

Shaw RJ. Pharmacology of tluticasone propionate. Respir Med
1994:88(Suppl A):58-85.



