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Asthma has been recognized to be a chronic 
inflammatory disease, ~ and inhaled corticosteroids 
appear to be a logical treatment option. Inhaled 
corticosteroids act locally in the airway, have 
proven efficacy, and are advocated for treatment of 
milder stages of asthma. However, this form of 
therapy is fraught with compliance problems and 
concerns about systemic side effects and cost. In 
the present context of overall increasing health- 
care costs, the choice of drug regimen for asthma 
should also be based on cost-effectiveness studies. 
At present very few data exist on the cost-effec- 
tiveness of inhaled corticosteroids as a class of 
drug in the care of patients with asthma. This 
review will examine and discuss these novel per- 
spectives in asthma therapy. 

EFFECT OF INHALED CORTICOSTEROIDS 
ON THE INFLAMMATORY RESPONSE 

The molecular mechanisms of corticosteroid ac- 
tion have been extensively reviewed in this supple- 
ment and have also been reviewed recently by 
Barnes and Pedersen. 2 Glucocorticoids exert a 
direct inhibition on many of the cells specifically 
involved in bronchial inflammation? The major 
advantage of inhaled corticosteroids lies in their 
ability to control the number and local activation 
of inflammatory cells. 4 

Many clinical trials have proved the clinical 
efficacy of inhaled corticosteroids in treating all 
types of asthma. Accordingly, recently published 
guidelines recommend their use by patients with 
moderate and severe asthma. 1 In addition, because 
the presence of inflammation in bronchi has been 
documented in subjects with mild asthma 5 and in 
newly diagnosed patients, 6 antiinflammatory ther- 
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apy has been proposed to treat mild, persistent 
asthma. 7 In patients with this type of asthma, 
nedocromil sodium or sodium cromoglycate might 
be a useful alternative to inhaled corticosteroids. 
Inhaled corticosteroids are considered the treat- 
ment of choice for patients who have only noctur- 
nal symptoms type of asthma. 8 

In experimentally induced asthma, inhaled cor- 
ticosteroids have been shown to decrease the se- 
verity of responses to both direct and indirect 
stimuli. 9 In allergen bronchoprovocations in pa- 
tients with dual reactions, pretreatment with a 
single dose of beclomethasone (200 Ixg) reduced 
both the late response and the increase in airway 
responsiveness induced by the challenge. ~° This 
effect was more important when the duration of 
pretreatment was increased. 1~ In addition, pro- 
longed therapy for 1 month also conferred protec- 
tion against the early response. 11 

The effects of inhaled corticosteroids on airway 
responsiveness and clinical severity have been 
shown to be related to the dose, 12 the frequency of 
administration] 3 and the duration of treatment. 14 
Thus high doses are usually recommended at the 
beginning of therapy, with subsequent tapering to 
the minimum maintenance dose able to control the 
symptoms. 1 Unfortunately, regular use of inhaled 
steroids is required to maintain efficacy.  14 Discon- 
tinuation of treatment after 6 weeks resulted in a 
return to pretreatment values after only 1 week. TM 

Exacerbation of the disease might even occur after 
a few years of regular treatment. 15 However, in 
some patients with very mild asthma, prolonged 
therapy with inhaled corticosteroids seemed to 
allow complete resolution of inflammation and 
persistence of an asymptomatic stage even after 
cessation of therapy for at least 3 months? 6 This 
finding might be used as an argument for the early 
institution of therapy with inhaled corticosteroids 
for patients newly diagnosed with asthma in an 
attempt to prevent the development of long-lasting 
inflammation, which is more difficult to treat. 

This clinical efficacy has been confirmed by 
pathologic studies. After 10 years of treatment 
with inhaled steroids, bronchial mucosal biopsies 
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showed suppression of inflammation; however, ar- 
eas of metaplasia persisted, along with bronchial 
hyperresponsiveness. 17 

For reasons that are unclear, compliance with 
inhaled corticosteroid therapy appears to be poor. 
In one study that compared the use of two non- 
bronchodilator drugs (lodoxamide, a cromolyn-like 
agent, and tixocortol pivalate, an inhaled cortico- 
steroid), overall compliance was 37.3%. Compli- 
ance was similar in both treatment groups, and 
both underuse and overuse were observed. How- 
ever, valid data were able to be obtained in only 6 
of 34 patients, ~8 which highlights the difficulties 
inherent in compliant drug use in patients with 
asthma. These findings were confirmed in another 
study that compared administration of inhaled 
corticosteriods four times a day with administra- 
tion twice a day .  19 Compliance was worse in the 
group in which administration was four times a 
day, as might have been expected. This is unfortu- 
nate, because improvement in symptoms and peak 
expiratory flow rates have been shown to be 
greater with administration four times a day than 
with administration twice a day. 13 

Although generalization of these clinical trial 
findings to clinical practice with inhaled corticoste- 
roids is obviously strained, the question is clearly 
one of compliance. The absence of immediate 
relief from administration of the drug, in contrast to 
bronchodilators, might be an important explanatory 
factor. Further studies are needed to assess the 
practical importance of this problem, because with a 
noncompliant patient exacerbation of the disease 
might occur despite prescription of an effective reg- 
imen. 

PHARMACOLOGIC CHARACTERISTICS 

Detailed pharmacokinetics of the available in- 
haled corticosteroids have recently been re- 
viewed. 2 Inhaled drugs should have high topical 
potency, low systemic bioavailability, and rapid 
metabolic clearance of the fraction of the dose that 
is swallowed and that enters the portal and sys- 
temic circulation. After inhalation, 80% to 90% of 
a dose is deposited in the oropharynx and swal- 
lowed; this fraction is thought to be responsible for 
both local oropharyngeal and systemic side effects. 
Administration of the drug through a volume 
spacer markedly reduces this fraction. Only 10% to 
20% of the total dose is ultimately deposited in the 
lower airways and responsible for the primary 
beneficial effect. An important fraction of this 
latter dose is again absorbed into the systemic 
circulation (Fig. 1). 

Because most of the studies conducted for de- 
termining these pharmacologic characteristics 
have been carried out on healthy volunteers, the 
influence of anatomic and physiologic alterations 
resulting from asthma are unknown. Moreover, 
few studies have compared the efficacy of avail- 
able preparations in patients with asthma. Two 
studies showed that the effectiveness of budes- 
onide and beclomethasone was equivalent at doses 
that were low (400 ~g/day), 2° moderate (800 izg/ 
day), 2° and high (1500 ixg/day). 21 Fluticasone pro- 
pionate, 200 izg/day, was shown to be as effective as 
beclomethasone dipropionate, 400 i .zg/day. 22 The 
higher potency of fluticasone was confirmed at the 
high dose of 1500 ixg/day .  23 The relative binding 
affinities, potency, and doses delivered are summa- 
rized in Table I. 

CLINICAL ADVERSE EFFECTS 

Sensitivity to side effects of inhaled corticoste- 
roids varies between individuals. Evaluations of 
the occurrence and impact of side effects are 
further confounded by the fact that most patients 
have at some time in the past been treated with 
oral corticosteroids. 2,10 Concern about the occur- 
rence of symptomatic side effects is legitimate 
because therapy with inhaled corticosteroids is 
usually contemplated for long periods, if not for an 
entire lifetime. However, extremely long follow-up 
is needed to describe the particular side effects that 
occur with such drug use. Therefore, no definite 
answer is available at present. A more detailed 
description of the side effects can be found in a 
recent review by Barnes and Pedersen. 2 

The well-known effects of oral corticosteroids on 
bone metabolism, with the resulting risk of fracture 
due to osteoporosis, have been a concern with 
inhaled corticosteroids. However, a recent study of 
patients receiving long-term inhaled corticosteroid 
therapy for asthma showed that, after 10 years of 
treatment and a lifetime dose of inhaled cortico- 
steroids greater than 3 gm, women had normal or 
near-normal bone density and little or no increase 
in the risk of fracture. 24 However, daily doses 
higher than 2 mg/day reduced bone density slightly. 
This loss could be offset with estrogen therapy in 
postmenopausal women. Altogether, because 
these high doses are needed in only a few patients 
and because inhaled corticosteroids potentially 
decrease the need for oral prednisone therapy, 
long-term administration of inhaled corticoste- 
roids appears to be safe. However, the risk:benefit 
ratio might vary according to the severity of the 
disease. 
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FIG. 1. The fate of inhaled steroids. The amount of an inhaled glucocorticosteroid that reaches 
the systemic circulation is the sum of the pulmonary and oral ly bioavailable fractions. The 
fraction deposited in the mouth wil l  be swallowed, and systemic availabi l i ty wil l  be determined 
by absorption from the gastrointestinal tract and the degree of first-pass metabolism. The 
fraction deposited in the intrapulmonary airway is likely to be more or less completely absorbed 
in active form to the systemic circulation, because there is no evidence for any degree of 
metabolic inactivation in inhaled steroids currently being used. The systemic concentration wil l  
be reduced by continuous recirculation and inactivation in the liver. (Modified from Barnes P J, 
Pedersen S. Efficacy and safety of inhaled corticosteroids in asthma. Am Rev Respir Dis 
1993;148:$1-26.) 

High doses of inhaled corticosteroids suppress 
the hypothalamic pituitary adrenal axis, but with- 
out serious clinical consequences. 2, 25 Inhaled cor- 
ticosteroids at high doses also influence glucose 
and lipid metabolism26; however, the clinical sig- 
nificance of these alterations is unknown. 

In children, long-term administration of inhaled 
beclomethasone (400 ~g/day) decreases linear 
growth. 27 Nonetheless, long-term data seem to 
indicate that lung development and functional 
capacity are improved and that final growth is 
unaffected. 28 These conflicting results require clar- 
ification. 

There have been concerns regarding the risk of 
cataract formation as a result of inhaled cortico- 
steroid use. This risk appears to be entirely related 
to prior use of oral corticosteroids. 29 Long-term 
administration of inhaled corticosteroids appears 

to have an impact on the skin, resulting in pur- 
pura, 3° dermal thinning, 3° and easy bruising, 3a es- 
pecially in elderly patients. 

Depending on the dose, the frequency of admin- 
istration, and the delivery system used, local side 
effects of inhaled corticosteroids can be minimized. 
The most common side effect is dysphonia, result- 
ing from steroid myopathy of the laryngeal mus- 
cles; this affects one third of patients and is revers- 
ible after discontinuation of treatment. 32 Oral 
candidiasis frequently occurs but can be prevented 
by using a volume spacer, which reduces the 
amount of inhaled corticosteroid deposited locally. 
Rinsing the mouth after administration produces 
the same protective effect. 2 The pathology of the 
increased prevalence of oropharyngeal candidiasis 
is not understood. 

The existence of these side effects emphasizes 
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TABLE I. Characteristics of i n h a l e d  

glucocorticoids 

Glucocorticoid 

Relative Relative Inhaled 
binding blanching dose, I~g/ 
affinity* potencyt puff 

Beclomethasone 0.4 600 50§ 
dipropionate$ 

Beclomethasone 13.5 450 - -  
monopropionate$ 

Triamcinolone 3.6 330 10011 
Flunisolide 1.8 330 250 
Budesonide¶ 9.4 980 50, 100, 200 
Fluticasone¶ 18.0 1200 25, 50, 125 

Modified by permission of The New England Journal of Medicine 
from Barnes PJ. Inhaled glucocorticoids for asthma. N Engl 
J Med 1995;332:868-75, copyright 1995, Massachusetts Med- 
ical Society, and Reed CE. Aerosol glucocorticoid treatment 
of asthma: adults. Am Rev Respir Dis 1990;140:$82-8. 

*Values are for binding affinity to human glucocorticoid recep- 
tors in vitro, relative to that of dexamethasone. 

tBlanching potency on human skin indicates topical potency, 
relative to that of dexamethasone. 

:~Beclomethasone dipropionate is converted in the liver to the 
more active beclomethasone monopropionate. 

§Larger doses (100, 200, or 250 Ixg/puff) are available in 
Europe, Asia, and Australia but are not yet available in the 
United States. 

11The dose delivered by the metered-dose inhaler is 200 p.g, but 
100 t~g is delivered by a spacer. 

¶Not available in the United States. 

the need to individualize therapy so as to follow 
closely the variations in t reatment  need, specific 
patient symptoms, and susceptibility to adverse 
effects. In particular, high-dose therapy with fre- 
quent drug administration should be used only in 
cases of acute exacerbation and should be reduced 
as soon as possible to the minimum maintenance 
dose capable of controlling the symptoms, l 

C O S T  OF T R E A T M E N T  IN A S T H M A  

In the year 1990, total outpatient care for 
asthma in the United States amounted to 1.5 
million hospital visits and 6.5 million physician 
visits. Charges for these visits were $129.2 million 
and $193.3 million, respectively. Expenditures for 
medications amounted to $712 million, corre- 
sponding to 3.3 million prescriptions for theophyl- 
line, 2.99 million for bronchodilators, and 1.15 
million for corticosteroid preparations. 33 These 
numbers are likely to change because of the impact 
of the consensus guidelines for t reatment  that were 
published in 19921; however, no data are currently 
available. A retrospective study of the cost of 
outpatient t reatment  between 1977 and 1987 at 

one facility in Switzerland showed that the overall 
cost remained the same. 34 The main explanation 
for this finding is that less expensive drugs, such as 
theophylline and oral prednisone, were replaced 
by more effective but more expensive inhaled 
corticosteroids, such as inhaled beclomethasone, 
which was introduced in this period. 

Asthma has an economic impact not only on 
affected individuals but also on their families, the 
health-care system, and society as a wholeY These 
different perspectives should be kept in mind when 
assessing the results of studies on the cost of caring 
for patients with asthma. 

Inhaled corticosteroids are most effective in 
treating asthma when combined with bronchodila- 
tors. 2 The economic consequences of such treat- 
ment  have been addressed by only six papers, all of 
which used data on either beclomethasone dipro- 
pionate or budesonide. The first two studies ad- 
dressed the impact of the use of high-dose budes- 
onide (800 Ixg/day) for 5 years in 36 patients 36 and 
for 11 years in 14 counties in Sweden. 37 Both 
studies showed a reduction in inpatient hospital 
admissions and cost of care compared with the 
2 years preceding the study. 

The third study addressed the cost-effectiveness 
of doubling the budesonide dose from 400 txg/day 
to 800 ~g/day in patients with mild to moderate  
asthma who were treated for 6 weeks with each 
regimen. No differences in symptoms and lung 
function were observed, and the costs were in- 
creased in the high-dose group. 38 

The fourth study evaluated the cost-effectiveness 
of using budesonide to treat children, aged 1 to 3 
years, who had persistent symptoms of asthma. 
Budesonide increased symptom-free days compared 
with placebo and reduced overall costs by £6.33 
(about $9.45) per symptom-free day gained? 9 

The fifth study looked at the cost-effectiveness of 
adding inhaled corticosteroids to [32-agonist ther- 
apy for 12 months in children aged 7 to 16 years. 4° 
The combined regimen was more effective, but at 
an additional cost of $83 per 10% increase in 
forced expiratory volume in 1 second and $4.75 per  
symptom-free day gained. 

Finally, inhaled corticosteroids (beclometha- 
sone, 800 txg/day) and [32-agonists were shown to 
be more effective than [32-agonists and placebo or 
[32-agonists and ipratropium bromide in adults 18 
to 60 years of age. 41 However, the savings associ- 
ated with inhaled corticosteroid use ($175) were 
offset by the increased costs related to inhaled 
corticosteroids ($376). The incremental cost-effec- 
tiveness ratio varied from $200 per 10% improve- 
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ment  in forced  expi ra tory  vo lume  in 1 second  to $5 
pe r  symptom-f ree  day gained.  A l toge the r ,  f rom a 
societal  perspect ive ,  t r e a t m e n t  with inha led  cort i-  
cos te ro ids  led to inc reased  product ivi ty.  If  the  
economic  benef i ts  l inked with this inc reased  pro-  
ductivi ty were  va lued  at more  than  $42/day, this 
t r e a t m e n t  b rough t  ne t  societal  savings. 41 

Al l  of  these  s tudies  unde r sco re  the  fact  tha t  
cost-effect iveness s tudies  can p rov ide  very different  
resul ts  depend ing  on  the  severi ty of  the  disease,  
the  endpo in t  chosen,  and  the type of  costs  and  
perspec t ive  taken.  As  a consequence ,  s t andard iza -  
t ion is n e e d e d  if meaningfu l  in fo rmat ion  is to be 
der ived  f rom such studies.  

CONCLUSIONS 

Inha l ed  cor t icos te ro ids  a re  a wel l -es tab l i shed  
t r e a t m e n t  moda l i ty  for  a s thma  and are  r ecom-  
m e n d e d  in guide l ines  for  the  t r e a t m e n t  of  pa t ien ts  
with m o d e r a t e  and severe  as thma.  These  agents  
a re  effective desp i te  var iable  p rob l ems  with com- 
p l iance  and they  do  not  p re sen t  the  systemic side 
effects of  oral  s teroids ,  even when  used  for  longer  
than  10 years.  There fo re ,  benef i ts  s eem to out-  
weigh risks in pa t ien ts  with m o d e r a t e  and severe  
as thma.  The  ques t ion  of  whe the r  benefi ts  out-  
weigh risks for  pa t ien t s  with mi ld  a s thma  is disput-  
able,  in the absence  of  add i t iona l  data ,  bu t  the 
na tu ra l  his tory of  the  d isease  and long- te rm da ta  
abou t  the  use of  inha led  cor t icos te ro ids  in pa t ien ts  
with mi ld  a s thma  should  p rov ide  an answer  to this 
ques t ion  in the  nea r  future.  

Inha l ed  cor t icos te ro ids  are  no t  inexpensive.  
The i r  cost-effect iveness seems to be  es tab l i shed  in 
pa t ien ts  with m o d e r a t e  to severe  a s thma  when 
bo th  direct  med ica l  costs and  indirect  costs, such as 
loss in product ivi ty ,  are  t aken  into account .  In- 
ha led  cor t icos te ro ids  may  be  unaf fordable  for  
some  pa t ien t s  who are  in hea l th -ca re  systems in 
which the  pa t i en t  is respons ib le  for  the  purchase  of  
drugs used  in an ou tpa t i en t  sett ing.  These  pa t ien ts  
would  have to rely on less effective t r e a t m e n t  
s t ra tegies  with the  ensuing risk of  exacerba t ion  of  
thei r  disease,  which leads  to u t i l iza t ion  of  expen-  
sive hea l th -ca re  resources  such as emergency  de- 
p a r t m e n t  visits and  hospi ta l iza t ions .  

In  conclusion,  m o r e  da ta  on  the costs of  drug 
t r e a t m e n t  a re  necessary,  specifically regard ing  
o the r  types of  med ica t ions  used  to t rea t  pa t i en t s  
with as thma.  F u r t h e r m o r e ,  in fo rmat ion  is urgent ly  
n e e d e d  on  the cost-effectiveness of  a l t e rna te  inter-  
vent ions ,  such as pa t i en t  educa t ion  and the impac t  
of  special is t  care.  E d u c a t i o n  seems to be the  most  
p romis ing  of  these  a l ternat ives  because  it has  the  

po ten t i a l  to increase  pa t i en t  compl iance  and in 
turn  decrease  the  amoun t s  and  number s  of  drugs 
n e e d e d  to con t ro l  symptoms.  This  might  be  an- 
o the r  way to improve  the s ta te  of  hea l th  and 
quali ty of  life of  pa t ien ts  with a s thma  while  fur ther  
decreas ing  the cost  of  t he rapy  for  the  pa t ien ts  and  
society and the use of  expensive hea l th -ca re  re- 
sources  for  this c o m m o n  disease.  

We thank John M. Eisenberg, MD, for reviewing the 
manuscript and providing useful suggestions. 

REFERENCES 

1. International Consensus Report on Diagnosis and Treat- 
ment of Asthma. Bethesda, Md.: National Heart, Lung, and 
Blood Institute, National Institutes of Health, March 1992; 
publication No. 92-3091. 

2. Barnes PJ, Pedersen S. Efficacy and safety of inhaled 
corticosteroids in asthma. Am Rev Re spir Dis 1993; 148: S 1 - 
26. 

3. Schleimer RP. Effects of glucocorticoids on inflammatory 
cells relevant to their therapeutic application in asthma. 
Am Rev Respir Dis 1990;141:$59-69. 

4. Laitinen LA, Laitinen A, Haahtela T. A comparative study 
of the effects of an inhaled corticosteroid, budesonide, and 
of a 132 agonist, terbutaline, on airway inflammation in 
newly diagnosed asthma. J ALLERGY CLIN IMMUNOL 1992; 
90:32-42. 

5. Beasley R, Roche WR, Roberts JA, Holgate ST. Cellular 
events in the bronchi in mild asthma and after bronchial 
provocation. Am Rev Respir Dis 1989;139:806-17. 

6. Laitinen LA, Laitinen A, Haahtela T. Airway mucosal 
inflammation even in patients with newly diagnosed 
asthma. Am Rev Respir Dis 1993;147:697-704. 

7. Dukes MNG, Holgate ST, Pauwels RA. Report of an 
international workshop on risk and safety of asthma ther- 
apy. Clin Exp Allergy 1994;24:160-5. 

8. Barnes PJ. Inflammatory mechanism and nocturnal asthma. 
Am J Med 1988;85(suppl 1B):64-70. 

9. Barnes PJ. Effect of corticosteroids on airway hyperrespon- 
siveness. Am Rev Respir Dis 1990;141(suppl):S70-6. 

10. Cockroft DW, Murdoch KY. Comparative effects of in- 
haled salbutamol, sodium cromoglycate, and beclometha- 
sone dipropionate on allergen-induced early asthmatic re- 
sponses, late asthmatic responses, and increased bronchial 
responsiveness to histamine. J ALLERGY CLIN IMMUNOL 
1987;79:734-40. 

11. Dahl R, Johansson S-A. Importance of duration of treat- 
ment with inhaled budesonide on the immediate and late 
bronchial reaction. Eur J Respir Dis 1982;62(suppl 122): 
S167-75. 

12. Juniper EF, Kline PA, Vanzieleghem MA, Ramsdale EH, 
O'Byrne PM, Hargreave FE. Long term effect of budes- 
onide on airway responsiveness and clinical asthma severity 
in inhaled steroid-dependent asthmatics. Eur Respir J 
1990;3:1122-7. 

13. Malo JL, Cartier A, Merland N, et al. Four-times-a-day 
dosing frequency is better than twice-a-day regimen in 
subjects requiring a high-dose inhaled steroid, budesonide, 
to control moderate to severe asthma. Am Rev Respir Dis 
1989;140:624-8. 

14. Vathenen AS, Knox AJ, Wisniewski A, Tattersfield AE. 



182 Wasser fa l len  and Baran iuk  J ALLERGY CLIN IMMUNOL 
JANUARY 1996 

Time course of change in bronchial reactivity with an 
inhaled corticosteroid in asthma. Am Rev Respir Dis 
1991;143:1317-21. 

15. Haahtela T, Jfirvinen M, Kava T, et al. Effects of reducing 
or discontinuing inhaled budesonide in patients with mild 
asthma. N Engl J Med 1994:331:700-5. 

16. Juniper EF, Kline PA, Vanzieleghem MA, Hargreave FE. 
Reduction of budesonide after a year of increased use: a 
randomized controlled trial to evaluate whether improve- 
ments in airway responsiveness and clinical asthma are 
maintained. J ALLERGY CLIN IMMUNOL 1991;87:483-9. 

17. Lundgren R, S6derberg M, H6rstedt P, Stenling R. Mor- 
phological studies of bronchial mucosal biopsies from asth- 
matics before and after ten years of treatment with inhaled 
steroids. Eur Respir J 1988;1:883-9. 

18. Mawhinney H, Spector SL, Kinsman RA, et al. Compliance 
in clinical trials of nonbronchodilator, anti-asthma medica- 
tions. Ann Allergy 1991;66:294-9. 

19. Mann M, Eliasson O, Patel K, ZuWallack RL. A compar- 
ison of the effects of bid and qid dosing in compliance with 
inhaled flunisolide. Chest 1992;101:496-9. 

20. Boe J, Rosenhall L, Alton M, et al. Comparison of dose- 
response effects of inhaled beclomethasone dipropionate 
and budesonide in the management of asthma. Allergy 
1989:44:349-55. 

21. Ebden P, Jenkins A, Houston G, Davies BH. Comparison 
of two high-dose corticosteroid aerosol treatments, be- 
clomethasone dipropionate (1500 ~g/day) and budesonide 
(1600 ~gJday) for chronic asthma. Thorax 1986;41:869-74. 

22. Leblanc P, Mink S, Keistinen T, Saarelainen PA, Ringdal 
N, Payne SL. A comparison of fluticasone propionate 200 
p~g/day with beclomethasone dipropionate 400 Izg/day in 
adult asthma. Allergy 1994;49:380-5. 

23. Fabbri L, Burge PS, Croonenborgh L, et al. A comparison 
of fluticasone propionate with beclomethasone dipropi- 
onate in moderate to severe asthma treated for one year. 
Thorax 1993;48:817-23. 

24. Toogood JH, Baskerville JC, Markov AlE, et al. Bone 
mineral density and the risk of fracture in patients receiving 
long-term inhaled steroid therapy for asthma. J ALLERGY 
CLIN IMMUNOL 1995;96:157-66. 

25. Padfield PL, Teelucksingh S. Inhaled corticosteroids--the 
endocrinologists' view. Eur Respir Rev 1993;3:494-500. 

26. Kruszynska YT, Greenstone M, Home PD, Cooke NJ. 
Effect of high dose inhaled beclomethasone dipropionate 
on carbohydrate and lipid metabolism in normal subjects. 
Thorax 1987;42:881-4. 

27. Doull IJ, Freezer NJ, Holgate ST. Growth of prepubertal 
children with mild asthma treated with inhaled beclometha- 
sone dipropionate. Am J Respir Crit Care Med 1995;151: 
1715-9. 

28. Pedersen S, Agertofl L. Effect of long term budesonide 
treatment on growth, weight, and lung function in children 
with asthma (Abstract). Am Rev Respir Dis 1993;147:A265. 

29. Toogood JF, Markov AlE, Baskerville J, Dyson C. Associ- 
ation of ocular cataracts with inhaled and oral steroid 
therapy during long-term treatment of asthma. J ALLERGY 
CLIN IMMUNOL 1993:91:571-9. 

30. Capewell S, Reynolds S, Shuttleworth D, Edwards C, Finlay 
AY. Purpura and dermal thinning associated with high dose 
inhaled corticosteroids. BMJ 1990;300:1548-51. 

31. Mak VHF, Melchor S, Spiro SG. Easy bruising as a 
side-effect of inhaled corticosteroids. Eur Respir J 1992;5: 
1068-74. 

32. Toogood JH, Jennings B, Baskerville J, Anderson J, Jo- 
hannsen SA. Dosing regimen of budesonide and occur- 
rence of oropharyngeal complications. Eur J Respir Dis 
1984:65:35-44. 

33. Weiss KB, Gergen PJ, Hodgson TA. An economic evalua- 
tion of asthma in the United States. N Engl J Med 
1992;326:862-6. 

34. Bregenzer T, Mossinger C, Medici TC. Therapiewandel 
und Kostenentwicklung des Asthma bronchiale: Eine ret- 
rospektive Studie fiber die letzten 10 Jahre an der Mediz- 
inischen Poliklinik des Universitfitspitals Zfirich. Pneumo- 
logie 1990;44:960-6. 

35. Eisenberg JM. Clinical economics: a guide to the economic 
analysis of clinical practices. JAMA 1989;262:2879-86. 

36. Adelroth E, Thompson S. Advantages of high-dose inhaled 
budesonide. Lancet 1988;1(8583):476. 

37. Gerdtham UG, Hertzman P, Boman G, et al. Impact of 
inhaled corticosteroids on asthma hospitalization in Swe- 
den: a pooled regression analysis. Research Report of the 
Ekonomiska Forskningsinstitutet, Center for Health Eco- 
nomics, Stockholm School of Economics, 1993. 

38. Campbell LM, Simpson RJ, Turbitt ML, et al. A compar- 
ison of the cost-effectiveness of budesonide 400 izg/day and 
800 i~g/day in the management of mild to moderate asthma 
in general practice. Br J Med Econ 1993:6:67-74. 

39. Connett GJ, Lenney W, McConchie SM. The cost-effec- 
tiveness of budesonide in severe asthmatics aged one to 
three years. Br J Med Econ 1993:6:127-34. 

40. Rutten-van M61ken MPMH, Van Doorslaer EKA, Jansen 
MCC, et al. Cost-effectiveness of inhaled corticosteroid 
plus bronchodilator therapy versus bronchodilator mono- 
therapy in children with asthma. Pharmacoeconomics 1993; 
4:257-70. 

41. Rutten-van M61ken MPMH, Van Doorslaer EKA, Jansen 
MCC, Kerstjens HAM, Rutten FFH. Costs and effects of 
inhaled corticosteroids and bronchodilators in asthma and 
chronic obstructive pulmonary disease. Am J Respir Crit 
Care Med 1995;151:975-82. 


