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Inhaled corticosteroid (ICS) therapy is central to the long-term management ofAbstract
asthma and is extensively used in the management of chronic obstructive pulmon-
ary disease (COPD). While administration via inhalation limits systemic exposure
compared with oral or injected corticosteroids and, therefore, the risk of systemic
corticosteroid-related adverse effects, concerns over the long-term safety of ICS
persist. The assessment of the long-term effects of ICS therapy requires considera-
ble research effort over years or even decades. Surrogate markers/predictors for
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clinical endpoints such as adrenal crisis, reduced final height and fractures have
been identified for use in relatively short-term studies. However, the predictive
value of such markers remains questionable.

Inhaled budesonide has been available since the early 1980s and there is a
considerable evidence base investigating the safety of this agent. To assess the
long-term safety of inhaled budesonide therapy in terms of the actual incidence of
the clinical endpoints adrenal crisis/insufficiency, reduced final height, fractures
and pregnancy complications, we undertook a review of the scientific literature.
The external databases BIOSIS, Cochrane Central Register of Controlled Trials,
Current Contents, EMBASE, International Pharmaceutical Abstracts and MED-
LINE were searched, in addition to AstraZeneca’s internal product literature
database Planet, up to 29 February 2008. Only original articles of epidemiological
studies, national surveys, clinical trials and case reports concerning inhaled
budesonide were included.

Eight surveys of adrenal crisis were found. The only survey with specified
criteria for diagnosis involved 2912 paediatricians and endocrinologists and
revealed 33 patients with adrenal crisis associated with ICS therapy; only one
patient used budesonide (in co-treatment with fluticasone propionate). In addition,
14 case reports of adrenal crisis in budesonide-treated patients were found. In only
two of these, budesonide was used at recommended doses and in the absence of
interacting medication.

Three retrospective studies and one prospective study assessing final height
were found. None of them showed any reduced final height in patients receiving
inhaled budesonide during childhood or adolescence.

Seventeen epidemiological studies investigating the risk of fractures were
found. When adjusting for confounding factors, they did not provide any unequiv-
ocal data for an increased fracture risk with budesonide. Four prospective place-
bo-controlled clinical trials of 2–6 years duration with inhaled budesonide in
patients with asthma or COPD were found. None of the studies identified any
association between inhaled budesonide and increased risk for fractures.

Four studies using data from the Swedish birth and health registries showed
there was no increased risk for congenital malformations, cardiovascular defects,
decreased gestational age, birth weight or birth length among infants born to
women using inhaled budesonide during pregnancy compared with the general
population. This was confirmed by five observational studies in Australia, Cana-
da, Hungary, Japan and the US. Similarly, one randomized clinical trial compar-
ing pregnancy outcomes among asthma patients receiving inhaled budesonide or
placebo did not demonstrate any difference in outcome of pregnancy.

In summary, based on 25 years of experience with different doses and in
different populations, inhaled budesonide therapy only in very rare cases appears
to be associated with an increased risk of adrenal crisis, reduction in final height,
increases in the number of fractures or complications during pregnancy.

Asthma affects 300 million people worldwide ic nature of asthma means that the disease requires
and the number of annual worldwide deaths from long-term therapy with anti-inflammatory agents,
asthma has been estimated at 250 000.[1] The chron- principally glucocorticosteroids. The long-term use-

© 2008 Adis Data Information BV. All rights reserved. Drug Safety 2008; 31 (11)
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fulness of oral corticosteroid therapy has been limit- approximately 15 billion treatment days, and it is
ed because of the unwanted systemic adverse ef- currently licensed in more than 90 countries world-
fects, such as adrenal crisis and other metabolic wide. As such, a considerable body of evidence has
disorders, suppression of immune function, growth accumulated on the safety profile of the drug with
retardation, osteoporotic fractures, weight gain, respect to the incidence of systemic corticosteroid-
cataracts and glaucoma. As a result, oral corticoster- related adverse effects.[12] This review examines the
oids are generally reserved for the short-term treat- effects of inhaled budesonide with regard to the risk
ment of acute asthma exacerbations. for clinical safety endpoints of adrenal crisis, re-

Administration of corticosteroids via inhalation, duced final height, fractures and pregnancy out-
while associated with local adverse effects such as comes. These endpoints were used because they are
oropharyngeal candidiasis, can minimize or avoid diagnostically and clinically relevant, are well de-
many of the unwanted systemic adverse effects of fined and data are available.
oral corticosteroid therapy. As such, international
guidelines have for some time recommended in-

1. Literature Search Methodologyhaled corticosteroid (ICS) therapy as first-line treat-
ment to control the underlying airway inflammation

Adrenal crisis, reduced final height, fractures andfor all patients with persistent asthma.[2,3] However,
outcomes of use during pregnancy were selected asconcerns over the systemic safety of ICS persist.
clinically relevant measures of the long-term, sys-Documenting the safety of ICS with respect to
temic safety of inhaled budesonide therapy. Thesome of the unwanted systemic adverse effects asso-
external databases BIOSIS, Cochrane Central Reg-ciated with oral corticosteroid therapy requires an
ister of Controlled Trials, Current Contents, EM-observation time of many years.[4-6] This is reflected
BASE, International Pharmaceutical Abstracts andby observations that the launch of some ICS with
MEDLINE were searched, in addition to AstraZene-claims of a more favourable therapeutic index than
ca’s internal literature database Planet containingexisting ICS[7] were not substantiated in clinical
published scientific literature references related topractice,[8-10] underscoring the need for long-term
AstraZeneca’s products, up to 29 February 2008.follow-up.
The content in Planet within the respiratory fieldThe technical difficulties of measuring the most
can be accessed externally via the medical databaseclinically relevant clinical endpoints, including ad-
on http://www.az-air.com/. The keywords ‘budeso-renal crisis, reduced final height and fractures, have
nide/’ or ‘budesonide respiratory/’ and the free textled to the development of surrogate markers/
word ‘budesonide’ were used. Only original articlespredictors in an attempt to reduce the required ob-
of epidemiological studies, national surveys, clinicalservation period or the number of participants re-
trials and case reports mentioning inhaled budeso-quired to obtain statistically relevant results. For
nide were included (figure 1). The search prefixexample, cortisol levels and the adrenocorticotropic
‘exp’ was used in combination with some of thehormone (ACTH) test have been used as predictors
keywords to include all more specific keywords. Itof adrenal crisis, short- to medium-term growth

velocity has been used as a predictor of final height, should be noted that this search strategy can be seen
and osteocalcin and bone mineral density measure- as conservative vis-à-vis the safety of budesonide
ments have been used as predictors of fracture risk. since it may exclude some well designed studies
However, the predictive value of these measure- where one of the endpoints (e.g. fractures) did not
ments is variable and studies using them have dem- occur and thus will not be mentioned. As a result of
onstrated conflicting results.[11] this search, data of other ICS also appeared and were

included, but no systematic search for other ICS wasInhaled budesonide has been available for the
carried out.management of asthma since the early 1980s with

© 2008 Adis Data Information BV. All rights reserved. Drug Safety 2008; 31 (11)
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Specific search criteria
Adrenal crisis and

adrenal insufficiency
Keywords

'adrenal crisis/' or
'adrenal insufficiency/' or

'adrenal cortex insufficiency/' or
'adrenal gland hypofunction/' 

or 'adrenal suppression/'
Free text words
'adrenal crisis' or

'adrenal insufficiency' or
'adrenal suppression' or

'adrenal failure' or
'adrenal hypofunction' or

'adrenocortical insufficiency' 
or 'adrenal atrophy'

650 publications retrieved

Specific inclusion criteria
Adrenal crisis and

adrenal insufficiency
Cases from clinical studies were
only included if enough clinical
data to confirm diagnosis were

presented
32 publications met all search

and inclusion criteria

Specific search criteria
Final height

Free text words
'final height' or 
'adult height'

119 publications retrieved

General search criteria
Keywords 'budesonide/' or 'budesonide respiratory/'

Free text word 'budesonide'

General inclusion criteria
Only original articles of epidemiological studies, national surveys,

clinical trials and case reports concerning inhaled budesonide included

Specific search criteria
Fractures
Keywords

'exp fracture/' or
'exp fractures, bone/'

Free text words
'fracture' or 'fractures'

224 publications retrieved

Specific search criteria
Outcomes of use during

pregnancy
Keywords

'pregnancy/' or
'exp pregnancy outcome/'

or 'teratogenicity/' or
'exp congenital defect/' or

'exp pregnancy complication' or
'postpartum/' or 'prenatal

development/' or 'exp
congenital disorder/' or

'exp embryonic and fetal
development/' or 

'abnormalities, drug induced/'
Free text words

'fetal growth' or 'pregnancy' 
or 'teratogen$' or 'congenital'

568 publications retrieved

Specific inclusion criteria
Outcomes of use during

pregnancy
Articles were only included if

they contained cases of 
congenital malformation or
altered foetal growth. Case

reports with healthy children 
were excluded

18 publications met all search
and inclusion criteria

Specific inclusion criteria
Final height

Articles were only 
included if the final height

had actually been
measured

6 publications met all
search and inclusion

criteria

Specific inclusion criteria
Fractures

Articles were excluded if
only bone mineral density
had been measured and

no actual fracture had
been detected

29 publications met all
search and inclusion 

criteria

Fig. 1. Literature search strategy.

2. Findings fever, abdominal pain, diarrhoea, nausea and vomit-
ing. Hypoglycaemia and decreased level of con-
sciousness and convulsions may also occur and are2.1 Adrenal Crisis and Adrenal Insufficiency
more frequent in children. Disturbances in salt-

Overt adrenal crisis is a life-threatening phenom- water balance are usually not present when the adre-
enon caused by a lack of cortisol as a result of nal crisis is caused by exogenous glucocorticoids,
adrenal gland deterioration, pituitary gland injury or resulting in suppression of ACTH release (secon-
inadequate treatment of adrenal insufficiency. Signs dary adrenal insufficiency) since the renin-angioten-
and symptoms are non-specific both in children and sin-aldosterone system is intact. During therapy
adults and include profound weakness, anorexia, with exogenous steroids, a decrease in the basal

© 2008 Adis Data Information BV. All rights reserved. Drug Safety 2008; 31 (11)
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endogenous cortisol production can be observed. Canadian survey identified nine cases of adrenal
This also applies for ICS.[13] From a physiological crisis/insufficiency, all taking fluticasone propion-
point of view, this may be regarded as a protective ate.[17] In Australia, 10 cases were reported to the
mechanism against hypercortisolism but with a Adverse Drug Reactions Advisory Committee.[18]

maintained adrenal capacity to respond to medically Eight of these patients were taking fluticasone pro-
stressful situations. However, these findings seem to pionate, while the ICS was not mentioned for the
have little impact on the risk for adrenal insufficien- other two.
cy since a decrease in plasma cortisol after steroid

A register study among 94 patients who requiredtreatment is not predictive of clinical adrenal sup-
acute in-patient care at a single Swedish Universitypression.[14]

hospital for drug-related symptoms during 1997 and
The original literature search yielded 650 publi- 1998 revealed two patients with adrenal insufficien-

cations, whereas 32 publications met all inclusion cy associated with budesonide therapy and one pa-
criteria (figure 1). No cases from clinical trials with tient with adrenal insufficiency associated with
a confirmed diagnosis according to the criteria de-

beclometasone therapy.[19] The basis for diagnosis
fined by Todd et al.[8] (described in section 2.1.2)

from symptoms or laboratory investigations is not
were found.

given but one of the budesonide-treated patients was
presented to have hyperglycaemia, a symptom not

2.1.1 Epidemiological Studies associated with hypocortisolism.
Systematic surveys of the incidence of overt ad- Of all adverse drug reactions with fatal outcome

renal crisis during ICS therapy are few. Our litera- that had been reported to the UK Committee on
ture search traced nine survey articles where Safety of Medicines in 2000, only one case of adre-
budesonide was mentioned in the text. The survey nal insufficiency was associated with ICS (fluti-
by Todd et al.,[8] the only survey that specified casone propionate) therapy.[20] Of all the suspected
criteria for diagnosis and the largest survey of 2912 adverse drug reactions reported during the use of
consultant paediatricians and adult endocrinologists

ICS in children <17 years of age in the Netherlands,
in the UK, revealed 33 patients who met the criteria

only one case of adrenal suppression was report-
for adrenal crisis associated with ICS therapy. Of

ed.[21] This child was treated with inhaled fluti-
these 33 patients, 30 had used fluticasone propion-

casone propionate and nasal beclometasone.
ate, one patient had used both fluticasone propionate

In 2004, Mortimer and colleagues[22] conducted aand budesonide and two patients had used
case-control study to quantify the association be-beclometasone. It should be noted that the majority
tween adrenal insufficiency and ICS exposure. Aof patients had used fluticasone propionate at higher

doses than licensed for the drug, which may be a total of 154 patients newly diagnosed with either
consequence of a claimed better benefit/risk ratio adrenal crisis, adrenal insufficiency or Addison’s
compared with other ICS.[7,8] disease, were identified and their exposure to ICS

compared with 870 control cases. Thirty-one ofThe remaining eight reports do not specify crite-
these cases occurred in patients that had been pre-ria for diagnosis and do not mention specific symp-
scribed ICS; five of these had been prescribedtoms in the patients. A French survey, described
budesonide. The risk of adrenal insufficiency duringwith limited information in two separate meeting
ICS therapy (>90 days) was not significantly in-abstracts,[15,16] reported 46 cases of adrenal insuffi-
creased, with an odds ratio (OR) of 1.0 (95% CI 0.4,ciency where 12 of the patients were taking budeso-
2.3) when the data were adjusted for oral corticoster-nide. In 45 cases, the ICS was used at high doses
oid exposure. However, the results suggested a(>500 µg beclometasone-equivalent per day in chil-
dose-related association with the risk of adrenaldren and >1000 µg per day in adults). Furthermore,
insufficiency during ICS therapy.drug interaction was suspected in 12 of the cases. A

© 2008 Adis Data Information BV. All rights reserved. Drug Safety 2008; 31 (11)
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2.1.2 Case Reports of Adrenal Crisis activity resulting in increased exposure to budeso-
nide. One of them was a patient with cystic fibro-In the survey by Todd et al.,[8] diagnosis of acute
sis.[27] In four cases, budesonide treatment had beenadrenal crisis required both of the following criteria:
stopped more than 3 months before adrenal crisis1. At least one of the following symptoms or signs:
was identified (range: 4 months–2 years); therefore,lethargy, nausea or vomiting, diarrhoea, hypoten-
it is unlikely that budesonide was causally linked tosion, abdominal pain, unexplained hypoglycaemia,
the adrenal crisis. All patients were under treatmentconvulsion.
with inhaled fluticasone propionate at the time of

2. At least one of the following indications of abnor-
diagnosis.[30-33] Furthermore, three patients with al-

mal hypothalamic-pituitary-adrenal axis function:
ready apparent adrenal insufficiency were switched

acute presentation of serum cortisol response to
from fluticasone propionate to budesonide treat-

critical illness <500 nmol/L, peak cortisol response
ment.[32,34,35]

<500 nmol/L to a short Synacthen stimulation test
2.1.3 Case Reports of Adrenal Insufficiency(tetracosactide 250 µg intramuscularly) or a failure
Nineteen case reports of adrenal insufficiency into increase >200 nmol/L from baseline, peak cor-

patients treated with inhaled budesonide were foundtisol response <500 nmol/L to glucagon stimulation
where no dynamic test had been performed (or plas-test (glucagon 500 µg intramuscularly).
ma cortisol measured at an occasion of severeFourteen cases of adrenal crisis fulfilling these
stress), or none of the defined clinical symptoms ofcriteria in patients treated with inhaled budesonide
adrenal crisis were described (table II). Five patientshave been described (table I). In two of these cases,
were treated with inhaled budesonide[31,36,37] as thebudesonide was under current use at recommended
only corticosteroid. One of these was a 7-year-olddoses and in the absence of treatment with interact-
child treated with a higher daily dose (1000 µg) thaning medications. One child was treated with inhaled
recommended.[37] Three cases occurred in cysticbudesonide 200 µg twice a day and nasal budeso-
fibrosis patients who were concomitantly treatednide 50 µg twice a day.[23] In addition, one child with
with itraconazole[38-40] or clarithromycin.[39] In ninemultiple malformations had been treated with nebu-
cases, budesonide had been stopped more thanlized budesonide 500 µg per day and at 7 years of
3 months before adrenal insufficiency occurredage he was diagnosed with adrenal insufficiency due
(range: 5 months–3 years),[30,41-43] and in all theseto isolated ACTH deficiency.[24] The conclusion of
cases the treatment had been changed to inhaledthe authors was that the patient had a pituitary or
fluticasone propionate prior to diagnosis. In twohypothalamic defect.
other cases, the symptoms improved after switching

Two patients were treated with budesonide in a from fluticasone propionate to budesonide.[44,45]

higher dose than the maximal recommended dose.
2.1.4 Summary of Adrenal Crisis andInhaled budesonide is approved up to 1600 µg daily
Adrenal Insufficiencyfor adults and the elderly (2400 µg daily in Australia
In summary, overt adrenal crisis appears to beand Canada) and 800 µg daily for children ≥6 years

extremely rare with inhaled budesonide in approvedof age. Nebulized budesonide is approved up to
doses.4000 µg daily for adults and elderly and 2000 µg for

children ≥6 months. One patient, a 21-month-old
2.2 Final Height

child, was treated with nebulized budesonide
4000 µg/day[25] and one patient was treated with It is now well recognized that even small doses of
beclometasone nasal spray concomitantly with corticosteroids, including ICS, have a temporary
2400–3200 µg of inhaled budesonide.[26] Three effect on short- and medium-term growth velocity.
cases occurred in patients who were concomitantly However, until recently, whether this effect trans-
treated with itraconazole[27,28] or ritonavir,[29] sub- lates into a reduction in final height has remained
stances that inhibit cytochrome P450 (CYP) 3A4 unanswered.

© 2008 Adis Data Information BV. All rights reserved. Drug Safety 2008; 31 (11)
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2.2.2 Controlled Clinical TrialsThe original literature search yielded 119 publi-
cations, whereas 6 publications met all inclusion A single long-term prospective study assessed
criteria (figure 1). No case reports were found. final adult height in children receiving inhaled

budesonide.[49] The adult height of children receiv-
ing inhaled budesonide at a mean daily dose of2.2.1 Epidemiological Studies
412 µg for 3–13 years was compared with the adultAsthma itself can have an impact on growth: the
height of asthmatic children not receiving any ICSheight of 18-year-old Swedish conscripts with and
and healthy siblings of patients in the budesonidewithout asthma was analysed in a long-term retro-
group.[49] All three groups of children reached theirspective study in 1983, 1986, 1993 and 1996.[46] The
target adult height (figure 2). Neither the duration ofcohort with asthma was, on average, 0.7 cm shorter
budesonide treatment nor the cumulative dose ofthan the non-asthmatic cohort. During the study
budesonide affected final adult height. However,period, inhaled budesonide was introduced to the
during the first 2 years of budesonide treatment, theSwedish market and showed no negative influence
growth rate was lower than during the run-in period.on height. In fact, the mean height difference be-
These authors have continued to follow prospective-tween conscripts with severe asthma and conscripts
ly this group of children and recently presented datawithout asthma decreased from 2.3 cm in 1983 to
on final height and time of achievement of final1.2 cm in 1993 and in 1996, suggesting that im-
height.[50,51] Children had been treated for asthma forproved asthma treatment had a positive effect on
1.8–19.2 years with a mean inhaled budesonide dosetheir growth.
of 410 µg/day. Final height was considered ‘final’

Larsson and co-workers[47] compared the final when the patient’s height did not increase by
height of asthmatic individuals with that of an age- >0.5 cm over a 2-year period. The authors found that
matched control group of healthy volunteers. in the 75 girls and 141 boys where final height had
Among the 152 asthmatic patients assessed, both been reached, the mean final adult height was nor-
men and women achieved a higher mean final height mal compared with predicted values and healthy
than the calculated mean target height. Importantly, siblings. However, the time of achievement of final
there was no difference in final height between adult height was delayed. The authors went on to
asthmatic patients treated with ICS (principally point out that studies assuming that adult height in
budesonide) during childhood/adolescence and ICS-treated asthmatic patients is reached at the same
healthy volunteers and neither the age at the start of age as healthy children will underestimate the adult
treatment with ICS nor the cumulative dose of height of the asthmatic patients.[50] This study is still
budesonide affected the final height. These data
indicate that therapy with inhaled budesonide given
during childhood/adolescence is not likely to affect
final height.

A small retrospective study assessed adult height
in 42 patients treated with ICS starting at a mean age
of 13.3 years (range 5–18 years) compared with 43
controls with asthma but not treated with ICS during
childhood.[48] The target height was achieved in both
groups but surpassed in the non-ICS group, which
contained patients with mild asthma and had older
patients compared with the ICS group. The effect of
budesonide on adult height cannot be evaluated
from this study since only one patient was treated
with budesonide as the only ICS.

0

50

100

150

200

Budesonide Healthy siblings No ICS

H
ei

gh
t (

cm
)

Target adult height − boys 
Measured adult height − boys 
Target adult height − girls  
Measured adult height − girls 
Target adult height − controls 
Measured adult height − controls

Fig. 2. Final adult height among asthmatic patients treated with
budesonide during childhood/adolescence.[49] ICS = inhaled corti-
costeroid.

© 2008 Adis Data Information BV. All rights reserved. Drug Safety 2008; 31 (11)



976 Christensson et al.

ongoing since final height has not yet been reached obstruction’ and at the start of the study, the mean
in 47 patients. age was 80.6 years. ICS exposure was described as

mean daily dose and all ICS were assumed to be
2.2.3 Summary of Final Height equipotent. The crude incidence of fractures was
In summary, studies with the relevant endpoint 21.7 per 1000 person-years in unexposed patients

final height clearly indicate that patients treated with and 25.7 in exposed. A statistically increased risk
inhaled budesonide attain their expected final adjusted for confounders was found in the highest
height. dose group, who received >601 µg/day (table III).

Among all exposed patients, 109 (11%) received
2.3 Fractures budesonide as the only ICS, although it is unclear

how many of these who belonged to the highest doseOsteoporosis and associated low-energetic frac-
interval (>601 µg/day) that was associated with antures are well known clinical complications in a
increased risk of fractures. Another nested case-variety of chronic medical conditions treated with
control study in patients with chronic obstructivelong-term oral corticosteroids including asthma,
pulmonary disease (COPD) by the same group in-rheumatic diseases and gastrointestinal diseases. In-
volved 1235 patients >40 years of age, 16% ofdeed, up to half of all patients receiving extended
whom were treated with budesonide, and 4598 con-oral corticosteroid therapy will experience frac-
trols.[68] Adjusted for age, sex, predicted forcedtures.[52] Fractures such as spontaneous lumbar com-
expiratory volume in 1 second, general practice andpression fractures or an increased risk of hip frac-
oral corticosteroid use, an increased risk for frac-tures are seen as clinical manifestations of osteo-
tures was only found in the highest ICS doseporosis, and the potential for such effects with ICS
≥1600 µg (OR = 1.74; 95% CI 1.00, 3.01). Thishas been of considerable clinical concern.
group consisted of 28 patients, although it is notThe original literature search yielded 224 publi-
known if any of these received budesonide. Of thecations, whereas 29 publications met all inclusion
other case-control studies that have shown an in-criteria (figure 1). A summary of studies retrieved
creased risk of fractures with ICS, one study is onlyfrom the literature on increased risk of fractures and
published as a meeting abstract with scarce data[58]

a potential association with budesonide is presented
and two studies have recalculated all ICS to prednis-in table III, and details from some important studies
olone equivalents and only showed increased frac-are further outlined below. In addition to the list of
ture risk with high doses (prednisolonestudies in table III, a number of sporadic case reports
≥7.5 mg)[60,63] [table III]. However, when adjustingregarding budesonide and fractures have been pub-
the data[60] for disease severity, ICS treatment nolished as part of uncontrolled clinical trials.[53-57]

longer showed any association with an increased
2.3.1 Epidemiological Studies risk of fractures.[61]

Epidemiological studies provide some contradic-
2.3.2 Controlled Clinical Trialstory results regarding the increased risk of fractures

with ICS including budesonide (table III). As re- The results of prospective placebo-controlled
ferred to in the discussion, there are several explana- clinical trials with budesonide in patients with asth-
tions for this, confounding by underlying disease ma or COPD have not identified any association
being the most important. Many studies do not de- between inhaled budesonide and increased fracture
monstrate any increased risk for ICS in general, or rate (table III). In EUROSCOP (The European
budesonide in particular.[59,64,66,67,69,70,72,73] Regard- Respiratory Society study on chronic obstructive
ing studies indicating an increased risk of fractures, pulmonary disease), a sub-population of 653 COPD
the study of Hubbard et al.[71] is an example. This patients randomized to budesonide (800 µg/day) or
was a prescription-based event study recording all placebo underwent x-ray of the spine at baseline and
fractures in a cohort of 1671 patients with ‘airflow end of treatment. Only five patients with new frac-

© 2008 Adis Data Information BV. All rights reserved. Drug Safety 2008; 31 (11)



Safety of Inhaled Budesonide 977

© 2008 Adis Data Information BV. All rights reserved. Drug Safety 2008; 31 (11)

T
ab

le
 I

II.
 S

tu
di

es
 e

va
lu

at
in

g 
th

e 
ef

fe
ct

 o
f 

in
ha

le
d 

co
rt

ic
os

te
ro

id
s 

(I
C

S
) 

on
 f

ra
ct

ur
e 

ra
te

D
es

ig
n

U
nd

er
ly

in
g 

di
se

as
e

P
at

ie
nt

s/
da

ily
 d

os
e

R
es

ul
ts

R
ef

er
en

ce
s

(a
st

hm
a 

or
 C

O
P

D
/

co
nc

lu
si

on
R

R
 o

r 
O

R
 (

95
%

 C
I)

/n
o.

 o
f

ou
tc

om
e)

pa
tie

nt
s 

w
ith

 f
ra

ct
ur

e 
(%

)
E

p
id

em
io

lo
g

ic
al

 a
n

d
 r

et
ro

sp
ec

ti
ve

 s
tu

d
ie

s

C
as

e-
co

nt
ro

l s
tu

dy
C

O
P

D
/n

on
-v

er
te

br
al

G
P

R
D

R
is

k 
of

 n
on

-v
er

te
br

al
 f

ra
ct

ur
es

58
fr

ac
tu

re
s

A
du

lts
 (

50
–8

5 
y)

in
cr

ea
se

d 
w

ith
 b

ec
lo

m
et

as
on

e 
an

d
C

as
es

 n
on

-v
er

te
br

al
 f

ra
ct

ur
es

 n
 =

 2
80

8
bu

de
so

ni
de

 b
ut

 n
ot

 w
ith

C
on

tr
ol

s 
n 

=
 8

45
3

flu
tic

as
on

e 
pr

op
io

na
te

B
ec

lo
m

et
as

on
e

O
R

 =
 1

.4
6 

(1
.2

6,
 1

.6
9)

B
ud

es
on

id
e

O
R

 =
 1

.4
1 

(1
.1

0,
 1

.7
9)

F
lu

tic
as

on
e 

pr
op

io
na

te
O

R
 =

 0
.7

8 
(0

.5
5,

 1
.0

9)

C
as

e-
co

nt
ro

l s
tu

dy
N

ot
 d

ef
in

ed
/fr

ac
tu

re
s

G
P

R
D

R
el

at
iv

e 
to

 b
ro

nc
ho

di
la

to
rs

 I
C

S
59

A
du

lts
 (

ov
er

 1
8 

y)
tr

ea
tm

en
t 

di
d 

no
t 

in
cr

ea
se

 t
he

 r
is

k
C

as
es

 I
C

S
 n

 =
 1

70
81

8
of

 v
er

te
br

al
, 

no
n-

ve
rt

eb
ra

l a
nd

 h
ip

C
on

tr
ol

s,
 b

ro
nc

ho
di

la
to

rs
 n

 =
 1

08
78

6
fr

ac
tu

re
s

C
on

tr
ol

s 
ot

he
r 

n 
=

 1
70

81
8

V
er

te
br

al
 f

ra
ct

ur
es

R
R

 =
 0

.9
0 

(0
.7

1,
 1

.1
4)

IC
S

 (
be

cl
om

et
as

on
e 

86
%

, 
bu

de
so

ni
de

N
on

-v
er

te
br

al
 f

ra
ct

ur
es

R
R

 =
 1

.0
0 

(0
.9

4,
 1

.0
6)

11
%

 a
nd

 f
lu

tic
as

on
e 

pr
op

io
na

te
 2

%
)

H
ip

 f
ra

ct
ur

es
R

R
 =

 1
.2

0 
(0

.9
9,

 1
.4

5)

C
as

e-
co

nt
ro

l s
tu

dy
N

ot
 d

ef
in

ed
/fr

ac
tu

re
s

C
as

es
 f

ra
ct

ur
es

 n
 =

 1
24

65
5

R
is

k 
of

 f
ra

ct
ur

es
 in

cr
ea

se
d 

w
ith

O
R

 =
 1

.1
7 

(1
.0

0,
 1

.3
8)

60
C

on
tr

ol
s 

n 
=

 3
73

96
2

hi
gh

 d
os

es
 o

f 
IC

S
 (

≥7
.5

 m
g

pr
ed

ni
so

lo
ne

 e
qu

iv
al

en
ts

 p
er

 d
ay

)

C
as

e-
co

nt
ro

l s
tu

dy
N

ot
 d

ef
in

ed
/fr

ac
tu

re
s

C
as

es
 f

ra
ct

ur
es

 n
 =

 1
24

65
5

IC
S

 t
re

at
m

en
t 

di
d 

no
t 

in
cr

ea
se

 t
he

O
R

 =
 0

.9
3 

(0
.8

7,
 0

.9
9)

61
C

on
tr

ol
s 

n 
=

 3
73

96
2

ris
k 

of
 f

ra
ct

ur
es

 a
fte

r 
ad

ju
st

m
en

t
IC

S
 (

bu
de

so
ni

de
 a

nd
 f

lu
tic

as
on

e
fo

r 
di

se
as

e 
se

ve
rit

y 
– 

ris
k

pr
op

io
na

te
)

as
so

ci
at

ed
 w

ith
 a

st
hm

a,
 C

O
P

D
,

em
ph

ys
em

a 
or

 o
th

er
 c

hr
on

ic
 lu

ng
di

se
as

es

H
ip

 f
ra

ct
ur

es
O

R
 =

 0
.7

2 
(0

.6
0,

 0
.8

6)
F

or
ea

rm
 f

ra
ct

ur
es

O
R

 =
 0

.9
2 

(0
.7

8,
 1

.0
8)

S
pi

ne
 f

ra
ct

ur
es

O
R

 =
 0

.6
1 

(0
.4

4,
 0

.8
4)

C
as

e-
co

nt
ro

l s
tu

dy
N

ot
 d

ef
in

ed
/h

ip
G

P
R

D
R

is
k 

of
 h

ip
 f

ra
ct

ur
es

 in
cr

ea
se

d 
w

ith
O

R
 =

 1
.1

9 
(1

.1
0,

 1
.2

8)
 w

he
n

62
fr

ac
tu

re
s

C
as

es
 h

ip
 f

ra
ct

ur
es

 n
 =

 1
6

34
1

IC
S

ad
ju

st
ed

 f
or

 u
se

 o
f 

or
al

C
on

tr
ol

s 
n 

=
 2

9
88

9
T

he
 f

ra
ct

ur
e 

ris
k 

w
as

 d
os

e 
re

la
te

d
co

rt
ci

os
te

ro
id

s
IC

S
 (

be
cl

om
et

as
on

e 
84

%
, 

bu
de

so
ni

de
14

%
 a

nd
 f

lu
tic

as
on

e 
pr

op
io

na
te

 2
%

)

C
as

e-
co

nt
ro

l s
tu

dy
N

ot
 d

ef
in

ed
/h

ip
A

du
lts

 (
ov

er
 1

8 
y)

R
is

k 
of

 h
ip

 f
ra

ct
ur

es
 in

cr
ea

se
d 

w
ith

O
R

 =
 1

.3
6 

(1
.1

9,
 1

.5
6)

63
fr

ac
tu

re
s

C
as

es
 h

ip
 f

ra
ct

ur
es

 n
 =

 6
66

0
hi

gh
 d

os
es

 o
f 

IC
S

 (
≥7

.5
 m

g
C

on
tr

ol
s 

n 
=

 3
3

27
2

pr
ed

ni
so

lo
ne

 e
qu

iv
al

en
ts

 p
er

 d
ay

)

C
on

tin
ue

d 
ne

xt
 p

ag
e



978 Christensson et al.

© 2008 Adis Data Information BV. All rights reserved. Drug Safety 2008; 31 (11)

T
ab

le
 I

II.
 C

on
td

D
es

ig
n

U
nd

er
ly

in
g 

di
se

as
e

P
at

ie
nt

s/
da

ily
 d

os
e

R
es

ul
ts

R
ef

er
en

ce
s

(a
st

hm
a 

or
 C

O
P

D
/

co
nc

lu
si

on
R

R
 o

r 
O

R
 (

95
%

 C
I)

/n
o.

 o
f

ou
tc

om
e)

pa
tie

nt
s 

w
ith

 f
ra

ct
ur

e 
(%

)
C

as
e-

co
nt

ro
l s

tu
dy

N
ot

 d
ef

in
ed

/h
ip

/
A

du
lts

 (
ov

er
 1

8 
y)

IC
S

 t
re

at
m

en
t 

di
d 

no
t 

in
cr

ea
se

 t
he

O
R

 =
 1

.0
8 

(0
.9

1,
 1

.2
7)

64
fe

m
ur

 f
ra

ct
ur

es
C

as
es

 h
ip

/fe
m

ur
 f

ra
ct

ur
es

 n
 =

 6
76

3
ris

k 
of

 h
ip

/fe
m

ur
 f

ra
ct

ur
es

 a
fte

r
C

on
tr

ol
s 

n 
=

 2
6

34
1

ad
ju

st
m

en
t 

fo
r 

di
se

as
e 

se
ve

rit
y

IC
S

 (
be

cl
om

et
as

on
e,

 b
ud

es
on

id
e 

an
d

flu
tic

as
on

e 
pr

op
io

na
te

)

C
as

e-
co

nt
ro

l s
tu

dy
N

ot
 d

ef
in

ed
/

G
P

R
D

IC
S

 t
re

at
m

en
t 

di
d 

no
t 

in
cr

ea
se

 t
he

65
os

te
op

or
ot

ic
A

du
lts

 (
ov

er
 1

8 
y)

ris
k 

of
 o

st
eo

po
ro

tic
 f

ra
ct

ur
es

 a
fte

r
fr

ac
tu

re
s

O
st

eo
po

ro
tic

 f
ra

ct
ur

es
 n

 =
 1

08
75

4
ad

ju
st

m
en

t 
fo

r 
di

se
as

e 
se

ve
rit

y 
–

C
on

tr
ol

s 
n 

=
 1

08
75

4
ris

k 
as

so
ci

at
ed

 w
ith

 a
st

hm
a 

or
IC

S
 (

be
cl

om
et

as
on

e,
 b

ud
es

on
id

e 
an

d
C

O
P

D
 n

ot
 I

C
S

flu
tic

as
on

e 
pr

op
io

na
te

)
T

he
 f

ra
ct

ur
e 

ris
k 

w
as

 d
os

e 
re

la
te

d
B

ec
lo

m
et

ao
ne

 e
qu

iv
al

en
ts

:

1–
40

0 
µg

O
R

 =
 1

.0
4 

(0
.9

5,
 1

.1
4)

≥1
60

0 
µg

O
R

 =
 1

.1
9 

(1
.0

1,
 1

.4
1)

N
es

te
d 

ca
se

-c
on

tr
ol

A
st

hm
a 

or
 C

O
P

D
 o

r
G

P
R

D
IC

S
 t

re
at

m
en

t 
di

d 
no

t 
in

cr
ea

se
 t

he
O

R
 =

 1
.1

5 
(0

.8
3,

 1
.6

0)
66

st
ud

y
ne

ith
er

/b
on

e
C

hi
ld

re
n 

an
d 

ad
ol

es
ce

nt
s 

(5
–1

7 
y)

ris
k 

of
 f

ra
ct

ur
es

 in
 c

hi
ld

re
n 

or
fr

ac
tu

re
s

C
as

es
 b

on
e 

fr
ac

tu
re

s 
n 

=
 3

74
4

ad
ol

es
ce

nt
s,

 w
he

n 
ad

ju
st

ed
 f

or
C

on
tr

ol
s 

n 
=

 2
1

75
7

us
e 

of
 o

th
er

 a
nt

i-a
st

hm
at

ic
 d

ru
gs

IC
S

 (
be

cl
om

et
ha

so
ne

 7
6%

, 
bu

de
so

ni
de

(β
-a

go
ni

st
s,

 t
he

op
hy

lin
e,

22
%

 a
nd

 f
lu

tic
as

on
e 

pr
op

io
na

te
 2

%
)

an
tic

ho
lin

er
gi

cs
, 

le
uk

ot
rie

ne
an

ta
go

ni
st

s,
 m

as
t 

ce
ll 

st
ab

ili
ze

rs
 o

r
ke

to
tif

en
)

N
es

te
d 

ca
se

-c
on

tr
ol

A
st

hm
a 

or
 C

O
P

D
/

A
du

lts
 (

ov
er

 4
0 

y)
IC

S
 t

re
at

m
en

t 
di

d 
no

t 
in

cr
ea

se
 t

he
67

st
ud

y
no

n-
ve

rt
eb

ra
l

C
as

es
 n

on
-v

er
te

br
al

 f
ra

ct
ur

es
 n

 =
 1

72
2

ris
k 

of
 n

on
-v

er
te

br
al

 f
ra

ct
ur

es

fr
ac

tu
re

s
C

on
tr

ol
s 

n 
=

 1
7

22
0

A
ll 

IC
S

O
R

 =
 1

.0
5 

(0
.8

9,
 1

.2
4)

IC
S

 (
be

cl
om

et
as

on
e,

 b
ud

es
on

id
e,

F
lu

tic
as

on
e 

pr
op

io
na

te
O

R
 =

 1
.1

3 
(0

.9
0,

 1
.4

0)
flu

ni
so

lid
e,

 f
lu

tic
as

on
e 

pr
op

io
na

te
 a

nd
O

th
er

 I
C

S
O

R
 =

 0
.9

7 
(0

.7
8,

 1
.2

1)
tr

ia
m

ci
no

lo
ne

)

N
es

te
d 

ca
se

-c
on

tr
ol

C
O

P
D

/fr
ac

tu
re

s
A

du
lts

 (
ov

er
 4

0 
y)

R
is

k 
of

 f
ra

ct
ur

es
 in

cr
ea

se
d 

w
ith

68
st

ud
y

C
as

es
 f

ra
ct

ur
es

 n
 =

 1
23

5
hi

gh
 d

os
es

 o
f 

IC
S

C
on

tr
ol

s 
n 

=
 4

59
8

≥1
60

0 
µg

O
R

 =
 1

.8
0 

(1
.0

4,
 3

.1
1)

IC
S

 (
be

cl
om

et
as

on
e 

66
%

, 
bu

de
so

ni
de

16
%

, 
flu

tic
as

on
e 

pr
op

io
na

te
 1

8%
)

C
on

tin
ue

d 
ne

xt
 p

ag
e



Safety of Inhaled Budesonide 979

© 2008 Adis Data Information BV. All rights reserved. Drug Safety 2008; 31 (11)

T
ab

le
 I

II.
 C

on
td

D
es

ig
n

U
nd

er
ly

in
g 

di
se

as
e

P
at

ie
nt

s/
da

ily
 d

os
e

R
es

ul
ts

R
ef

er
en

ce
s

(a
st

hm
a 

or
 C

O
P

D
/

co
nc

lu
si

on
R

R
 o

r 
O

R
 (

95
%

 C
I)

/n
o.

 o
f

ou
tc

om
e)

pa
tie

nt
s 

w
ith

 f
ra

ct
ur

e 
(%

)
N

es
te

d 
ca

se
-c

on
tr

ol
N

ot
 d

ef
in

ed
/n

ew
E

ld
er

ly
 (

ov
er

 6
5 

y)
IC

S
 t

re
at

m
en

t 
di

d 
no

t 
in

cr
ea

se
 t

he
R

R
 =

 0
.9

7 
(0

.9
2,

 1
.0

3)
69

st
ud

y
fr

ac
tu

re
s

C
as

es
 n

ew
 f

ra
ct

ur
es

 n
 =

 9
62

4
ra

te
 o

f 
fr

ac
tu

re
s,

 w
he

n 
ad

ju
st

ed
 f

or
C

on
tr

ol
s 

n 
=

 1
91

62
2

us
e 

of
 o

ra
l c

or
tic

os
te

ro
id

s 
an

d
IC

S
 (

be
cl

om
et

as
on

e 
63

%
, 

bu
de

so
ni

de
ot

he
r 

dr
ug

s 
(β

-a
go

ni
st

s,
19

%
, 

flu
tic

as
on

e 
pr

op
io

na
te

 1
7%

)
ip

ra
tr

op
iu

m
 b

ro
m

id
e,

 t
he

op
hy

lli
ne

,
di

ur
et

ic
s,

 N
S

A
ID

s,
 e

st
ro

ge
ns

,
th

yr
oi

d 
ho

rm
on

es
, 

ca
rd

io
va

sc
ul

ar
dr

ug
s 

or
 r

he
um

at
ic

 d
ru

gs
)

N
es

te
d 

ca
se

-c
on

tr
ol

N
ot

 d
ef

in
ed

/n
ew

G
P

R
D

IC
S

 t
re

at
m

en
t 

di
d 

no
t 

in
cr

ea
se

 t
he

O
R

 =
 1

.0
3 

(0
.9

3,
 1

.1
5)

70
st

ud
y

fr
ac

tu
re

s
C

hi
ld

re
n 

an
d 

ad
ol

es
ce

nt
s 

(4
–1

7 
y)

ris
k 

of
 f

ra
ct

ur
es

 a
fte

r 
ad

ju
st

m
en

t
pr

es
cr

ib
ed

 a
 c

or
tic

os
te

ro
id

fo
r 

as
th

m
a 

se
ve

rit
y 

– 
ris

k
C

as
es

 I
C

S
 n

 =
 9

7
38

7
as

so
ci

at
ed

 w
ith

 il
ln

es
s 

no
t 

IC
S

C
on

tr
ol

s 
br

on
ch

od
ila

to
rs

 n
 =

 7
0

98
4

C
on

tr
ol

s 
n 

=
 3

45
75

8
IC

S
 (

be
cl

om
et

as
on

e,
 b

ud
es

on
id

e 
an

d
flu

tic
as

on
e 

pr
op

io
na

te
)

C
oh

or
t 

st
ud

y
A

st
hm

a 
or

 C
O

P
D

/
E

ld
er

ly
 (

m
ea

n 
ag

e 
80

.6
 y

)
R

is
k 

of
 h

ip
 f

ra
ct

ur
es

 in
cr

ea
se

d 
in

71
ne

w
 f

ra
ct

ur
es

IC
S

 n
 =

 9
82

pa
tie

nt
s 

ta
ki

ng
 I

C
S

C
on

tr
ol

s 
n 

=
 6

89
T

he
 f

ra
ct

ur
e 

ris
k 

w
as

 d
os

e 
re

la
te

d
IC

S
 (

be
cl

om
et

ha
so

ne
 7

4%
, 

bu
de

so
ni

de
IC

S
 >

60
1 

µg
R

R
 =

 2
.5

3 
(1

.6
5,

 3
.8

9)
10

%
, 

flu
tic

as
on

e 
3%

 a
nd

 m
or

e 
th

an
on

e 
13

%
)

R
et

ro
sp

ec
tiv

e 
co

ho
rt

N
ot

 d
ef

in
ed

/h
ip

E
ld

er
ly

 w
om

en
 (

ov
er

 6
5 

y)
R

el
at

iv
e 

to
 p

ro
to

n 
pu

m
p 

in
hi

bi
to

rs
R

R
 =

 0
.9

2 
(0

.7
5,

 1
.1

2)
72

st
ud

y
fr

ac
tu

re
s

IC
S

 n
 =

 2
4

64
8

IC
S

 t
re

at
m

en
t 

di
d 

no
t 

in
cr

ea
se

 t
he

S
ys

te
m

ic
 c

or
tic

os
te

ro
id

s 
n 

=
 2

7
75

1
ris

k 
of

 h
ip

 f
ra

ct
ur

es
E

st
ro

ge
n 

n 
=

 2
8

11
9

P
ro

to
n 

pu
m

p 
in

hi
bi

to
rs

 n
 =

 3
4

85
5

IC
S

 (
be

cl
om

et
as

on
e,

 b
ud

es
on

id
e,

flu
ni

so
lid

e 
an

d 
flu

tic
as

on
e 

pr
op

io
na

te
)

C
ro

ss
-s

ec
tio

na
l c

oh
or

t
A

st
hm

a,
 C

O
P

D
 o

r
A

du
lts

 (
ov

er
 5

0 
y)

IC
S

 t
re

at
m

en
t 

di
d 

no
t 

in
cr

ea
se

 t
he

O
R

 =
 1

.4
 (

0.
34

, 
6.

1)
73

st
ud

y
fib

ro
si

ng
 a

lv
eo

lit
is

/
O

ra
l c

or
tic

os
te

ro
id

s 
n 

=
 1

17
ris

k 
of

 v
er

te
br

al
 f

ra
ct

ur
es

ve
rt

eb
ra

l f
ra

ct
ur

es
IC

S
 (

be
cl

om
et

as
on

e,
 b

ud
es

on
id

e 
an

d
flu

tic
as

on
e 

pr
op

io
na

te
)

C
on

tin
ue

d 
ne

xt
 p

ag
e



980 Christensson et al.

© 2008 Adis Data Information BV. All rights reserved. Drug Safety 2008; 31 (11)

T
ab

le
 I

II.
 C

on
td

D
es

ig
n

U
nd

er
ly

in
g 

di
se

as
e

P
at

ie
nt

s/
da

ily
 d

os
e

R
es

ul
ts

R
ef

er
en

ce
s

(a
st

hm
a 

or
 C

O
P

D
/

co
nc

lu
si

on
R

R
 o

r 
O

R
 (

95
%

 C
I)

/n
o.

 o
f

ou
tc

om
e)

pa
tie

nt
s 

w
ith

 f
ra

ct
ur

e 
(%

)
C

ro
ss

-s
ec

tio
na

l c
oh

or
t

P
ol

le
n-

al
le

rg
y/

bo
ne

P
os

tm
en

op
au

sa
l w

om
en

A
lle

rg
ic

 w
om

en
 h

ad
 a

n 
in

cr
ea

se
d

74
st

ud
y

fr
ac

tu
re

s
IC

S
 n

 =
 1

2
ris

k 
of

 f
ra

ct
ur

es
IC

S
 a

nd
 H

1R
 a

nt
ag

on
is

t 
n 

=
 1

7
R

is
k 

of
 f

ra
ct

ur
es

 in
cr

ea
se

d 
in

H
1R

 a
nt

ag
on

is
t 

n 
=

 5
3

w
om

en
 t

ak
in

g 
IC

S
N

o 
tr

ea
tm

en
t 

n 
=

 4
3

C
on

tr
ol

s 
(n

on
-a

lle
rg

ic
 w

om
en

) 
n 

=
 1

00
IC

S
 (

bu
de

so
ni

de
, 

flu
tic

as
on

e 
pr

op
io

na
te

an
d 

m
om

et
as

on
e)

R
an

d
o

m
iz

ed
 c

o
n

tr
o

lle
d

 c
lin

ic
al

 t
ri

al
s

2-
y 

st
ud

y
A

st
hm

a/
ve

rt
eb

ra
l

A
du

lts
 (

20
–6

0 
y)

In
ha

le
d 

bu
de

so
ni

de
 h

ad
 n

o 
ef

fe
ct

75
x-

R
ay

 a
t 

ba
se

lin
e

fr
ac

tu
re

s
B

ud
es

on
id

e 
(4

00
 µ

g)
 n

 =
 8

7
on

 f
ra

ct
ur

e 
ra

te
 in

 a
st

hm
a 

pa
tie

nt
s

an
d 

en
d 

of
 t

re
at

m
en

t
B

ec
lo

m
et

as
on

e 
(5

00
 µ

g)
 n

 =
 7

4
B

ud
es

on
id

e
1/

87
 (

1.
1%

)
N

o 
st

er
oi

d 
n 

=
 7

8

3-
y 

do
ub

le
-b

lin
d 

st
ud

y
C

O
P

D
/v

er
te

br
al

A
du

lts
 (

30
–6

5 
y)

In
ha

le
d 

bu
de

so
ni

de
 h

ad
 n

o
76

,7
7

(E
U

R
O

S
C

O
P

)
fr

ac
tu

re
s

B
ud

es
on

id
e 

(8
00

 µ
g)

 n
 =

 3
22

si
gn

ifi
ca

nt
 e

ffe
ct

 o
n 

fr
ac

tu
re

 r
at

e 
in

x-
R

ay
 a

t 
ba

se
lin

e 
an

d
C

O
P

D
 p

at
ie

nt
s

en
d 

of
 t

re
at

m
en

t
P

la
ce

bo
 n

 =
 3

31
B

ud
es

on
id

e
5/

32
2 

(1
.5

5%
)

P
la

ce
bo

3/
33

1 
(0

.9
1%

)

3-
y 

do
ub

le
-b

lin
d 

st
ud

y
A

st
hm

a/
ne

w
(5

–6
6 

y)
In

ha
le

d 
bu

de
so

ni
de

 h
ad

 n
o

78
,7

9
(S

T
A

R
T

)
fr

ac
tu

re
s

B
ud

es
on

id
e 

(c
hi

ld
re

n 
20

0 
µg

 a
nd

si
gn

ifi
ca

nt
 e

ffe
ct

 o
n 

fr
ac

tu
re

 r
at

e 
in

S
po

nt
an

eo
us

ad
ol

es
ce

nt
s 

an
d 

ad
ul

ts
 4

00
 µ

g)
as

th
m

a 
pa

tie
nt

s

re
po

rt
in

g 
an

d 
pa

tie
nt

s’
n 

=
 3

63
0

B
ud

es
on

id
e

61
/3

63
0 

(1
.7

%
)

re
sp

on
se

s 
to

 s
ta

nd
ar

d
P

la
ce

bo
 n

 =
 3

59
1

qu
es

tio
ni

ng

P
la

ce
bo

78
/3

59
1 

(2
.2

%
)

3-
y 

do
ub

le
-b

lin
d 

st
ud

y
A

st
hm

a/
ne

w
C

hi
ld

re
n 

(5
–1

0 
y)

In
ha

le
d 

bu
de

so
ni

de
 h

ad
 n

o
80

 a

(S
T

A
R

T
)

fr
ac

tu
re

s
B

ud
es

on
id

e 
(2

00
 µ

g)
 n

 =
 1

00
4

si
gn

ifi
ca

nt
 e

ffe
ct

 o
n 

fr
ac

tu
re

 r
at

e 
in

S
po

nt
an

eo
us

P
la

ce
bo

 n
 =

 9
77

as
th

m
at

ic
 c

hi
ld

re
n

re
po

rt
in

g 
an

d 
pa

tie
nt

s’
B

ud
es

on
id

e
10

/1
00

4 
(1

.0
%

)
re

sp
on

se
s 

to
 s

ta
nd

ar
d

P
la

ce
bo

8/
97

7 
(0

.8
2%

)
qu

es
tio

ni
ng

4-
 t

o 
6-

y 
do

ub
le

-b
lin

d
A

st
hm

a/
ne

w
C

hi
ld

re
n 

(5
–1

2 
y)

In
ha

le
d 

bu
de

so
ni

de
 h

ad
 n

o
81

st
ud

y 
(C

A
M

P
)

fr
ac

tu
re

s
B

ud
es

on
id

e 
(4

00
 µ

g)
 n

 =
 3

11
si

gn
ifi

ca
nt

 e
ffe

ct
 o

n 
fr

ac
tu

re
 r

at
e 

in
N

ed
oc

ro
m

il 
(8

 m
g)

 n
 =

 3
12

as
th

m
at

ic
 c

hi
ld

re
n

P
la

ce
bo

 n
 =

 4
18

B
ud

es
on

id
e

5.
7/

10
0 

pe
rs

on
-y

N
ed

oc
ro

m
il

4.
1/

10
0 

pe
rs

on
-y

P
la

ce
bo

5.
1/

10
0 

pe
rs

on
-y

a
S

ub
se

t 
of

 t
he

 d
at

a 
in

 P
ed

er
se

n 
et

 a
l.[7

8]
 a

nd
 S

he
ffe

r 
et

 a
l.[7

9]

C
A

M
P

 =
 T

he
 C

hi
ld

ho
od

 A
st

hm
a 

M
an

ag
em

en
t 

P
ro

gr
am

; 
C

O
P

D
 =

 c
hr

on
ic

 o
bs

tr
uc

tiv
e 

pu
lm

on
ar

y 
di

se
as

e;
 E

U
R

O
S

C
O

P
 =

 T
he

 E
ur

op
ea

n 
R

es
pi

ra
to

ry
 S

oc
ie

ty
 s

tu
dy

 o
n 

ch
ro

ni
c

ob
st

ru
ct

iv
e 

pu
lm

on
ar

y 
di

se
as

e;
 G

P
R

D
 =

 G
en

er
al

 P
ra

ct
ic

e 
R

es
ea

rc
h 

D
at

ab
as

e 
in

 th
e 

U
ni

te
d 

K
in

gd
om

; H
1R

 a
n

ta
g

o
n

is
t 

=
 H

1 
hi

st
am

in
e 

re
ce

pt
or

 a
nt

ag
on

is
t; 

O
R

 =
 o

dd
s 

ra
tio

; R
R

 =
re

la
tiv

e 
ris

k;
 S

T
A

R
T

 =
 T

he
 in

ha
le

d 
S

te
ro

id
 T

re
at

m
en

t 
A

s 
R

eg
ul

ar
 T

he
ra

py
 in

 e
ar

ly
 a

st
hm

a.



Safety of Inhaled Budesonide 981

2.4.1 Epidemiological Studiestures were reported during 3 years of follow-up in
Four studies using data from the Swedish birththe budesonide group compared with three patients

and health registries showed there was no adversein the placebo group (p = 0.5).[76,77] Similarly, low
effect of budesonide therapy during pregnancy for arates of new fracture were reported among 7221
range of outcomes. Källén and co-workers[87] exam-patients with asthma who took part in the inhaled
ined data on congenital malformations among 2014START (Steroid Treatment As Regular Therapy in
babies born to mothers who had used budesonideearly asthma) study with budesonide (200–400 µg/
during pregnancy and found the incidence rate to beday).[78,79] New fractures were reported by 61 of
comparable with that of the general population3630 (1.7%) patients randomized to budesonide and
(3.8% vs 3.5%). A further case-control study found78 of 3591 (2.2%) patients randomized to place-
no increase in the risk of cardiovascular defectsbo,[78] and new fractures as serious adverse events
among infants whose mothers used budesonide as anwere reported by 19 of 3630 (0.52%) patients ran-
inhaled anti-asthmatic medication during preg-domized to budesonide and 22 of 3591 (0.61%)
nancy.[88] In 2003, Norjavaara and Gerhardsson depatients randomized to placebo[79] during 3 years of
Verdier[89] examined gestational age, birth weightfollow-up. Finally, in a comparative study of the
and length, and the rate of stillbirth and multipleeffect of 2 years’ treatment with ICS (budesonide or
births and found no increased risk among 2968beclometasone propionate) or non-corticosteroid
women who used inhaled budesonide during early

treatment, only one patient reported a fracture
pregnancy. Recently, Källén and Otterblad Olaus-

during the study period.[75]

son[90] updated the analysis of congenital malforma-
tions among 10 013 infants exposed to budesonide.

2.3.3 Summary of Fractures
There were still no significant increased risk of any

In summary, an increased risk of fractures with malformations (OR = 1.04; 95% CI 0.95, 1.14),
long-term ICS use has been suggested by some cardiac defects (OR = 1.13; 0.96, 1.33), median cleft
epidemiological studies while others show contrary palate (OR = 1.57; 0.96, 2.57) or anal atresia (OR =
results. No increased risk has been shown in control- 1.91; 0.95, 3.42).[90]

led clinical trials with inhaled budesonide. One study used three Canadian databases of pre-
scribed medications, births and stillbirths, and hos-
pitalizations and medical diagnosis to investigate2.4 Pregnancy
the risk of congenital malformations among babies
born to mothers who had used ICS (63%

Poorly controlled asthma can lead to significant
beclometasone, 19% fluticasone propionate and

and even life-threatening complications for both
17% budesonide) during the first trimester of preg-

mother and fetus.[82,83] Asthma has been associated nancy.[91] Within the cohort, 418 babies were identi-
with preterm delivery, pre-eclampsia and an in- fied with at least one malformation. There was no
creased risk of caesarean section.[84-86] In 2005, association between congenital malformations and
Murphy and co-workers[82] reported that exacerba- the use of ICS during the first trimester of preg-
tions of asthma during pregnancy were associated nancy, irrespective of dose: OR = 0.77 (95% CI
with a poor outcome for male fetuses including a 0.53, 1.13) for 1–500 µg beclometasone equivalents
significantly increased risk of low birth weight per day, OR = 0.41 (95% CI 0.19, 0.92) for
(p = 0.03). Thus, there is a definite medical need for 501–1000 µg and OR 1.00 (95% CI 0.42, 2.36) for
appropriate asthma medications that are safe for use >1000 µg.
during pregnancy. In the American population-based case-control

The original literature search yielded 568 publi- study ‘National Birth Defects Prevention Study’,
cations, whereas 18 publications met all inclusion mothers of 1141 infants with cleft lip, 628 infants
criteria (figure 1). with cleft palate and 4143 controls were telephone

© 2008 Adis Data Information BV. All rights reserved. Drug Safety 2008; 31 (11)
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interviewed.[92] Three mothers of infants with cleft nide). The total incidence of perinatal abnormalities
lip had used budesonide from 4 weeks before was higher in the group of asthmatic women not
through 12 weeks after conception (RR = 2.8, 95% treated with ICS. However, this difference was non-
CI 0.6, 12.3), and two mothers of infants with cleft significant (p > 0.05).
palate (RR = 3.3, 95% CI 0.6, 17.9) compared with

2.4.2 Controlled Clinical Trialsfour controls.
Recent results from the large-scale, internationalThe risk of congenital abnormalities has been

START study further support the safety of once-assessed in a case-control study using the Hungarian
daily budesonide during pregnancy.[99] Among theCase-Control Surveillance of Congenital Abnormal-
7241 patients who took part in the study, there wereities between 1980 and 1996.[93] Among asthmatic
319 pregnancies including 196 among women ran-mothers giving birth to children with congenital
domized to the budesonide (400 µg/day) arm of theabnormalities, 1.2% had taken inhaled budesonide,
study. The majority of pregnancies in both treatmentwhile among asthmatic mothers giving birth to
arms resulted in the delivery of healthy babies (81%healthy children 1.5% had taken inhaled budesonide
in the budesonide arm vs 77% in the placebo arm).(OR = 0.8; 95% CI 0.3, 2.2).
There was no difference in the incidence of adverse

Two small prospective observational studies with outcomes between women randomized to budeso-
a total of 834 pregnant asthmatic women treated nide and those who received placebo, including the
with ICS showed no increased risk of low birth incidence of spontaneous miscarriage, congenital
weight or congenital malformations.[94,95] Inhaled abnormality or extrauterine pregnancy (figure 3).
budesonide was used by 17% of the mothers with
asthma; the other ICS were fluticasone propionate, 2.4.3 Case Reports
beclometasone, triamcinolone and flunisolide. It is Three reports of cases of congenital malforma-
stated that the incidence of small for gestational age tion in children born to asthmatic women treated
varied between the different ICS (1.4% for budeso- with inhaled budesonide throughout their preg-
nide, 7.0% for fluticasone propionate and 7.5% for nancies were found in the literature. In one case, the
beclometasone) even though they were similar to woman was treated with multiple drugs, including
those of controls without asthma and asthmatic pa- intravenous and oral cortisone.[100] The child devel-
tients treated with β2-adrenergic receptor agonists oped periventricular leukomalacia and retinopathy.
only.[95] However, no frequencies were presented for In another case, the mother was treated for hyperthy-
these groups. roidism with the teratogenic drug thiamazole.[101]

The child had multiple malformations includingAnother small prospective observational study
investigated the birth weight in children born to a
total of 92 pregnant women with asthma treated with
ICS.[96-98] Asthmatic women not treated with ICS
gave birth to children with significantly lower birth
weights (p < 0.05) than asthmatic women treated
with ICS and non-asthmatic women.[96,97] Treatment
with inhaled budesonide was associated with normal
birth weight compared with the non-asthmatic con-
trol group.[98]

One retrospective study of 11 358 pregnant
women in Japan, of whom 592 had asthma, investi-
gated the safety of ICS during pregnancy.[83] Of
these women with asthma, 118 received ICS
(beclometasone, fluticasone propionate or budeso-
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Fig. 3. Frequency of adverse outcomes of pregnancy among asth-
matic women randomized to budesonide (400 µg/day) or placebo
for up to 5 years.[99]
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oesophagal atresia, choanalatresia and ventricular allows once-daily administration in milder forms of
septal defects. In yet another case, a woman with asthma. It also improves airway selectivity.[105,107]

achondroplasia delivered a child with trisomy 21 Efficiency of the delivery device to target the lungs
and achondroplasia.[102] may also influence systemic exposure by influenc-

ing the ratio of lung deposited drug to swallowedIn one publication, a population-based cohort
portion. In general, breath-activated dry-powder in-study in which paternal use of azathioprine or mer-
halators give a higher relative lung-deposition thancaptopurine before conception and the risk of con-
pressurized metered dose inhalers.[108] Lung depo-genital malformations is described.[103] One of the
sition of different ICS differs from a few percent tomothers who gave birth to a child with congenital
more than half the metered dose depending on de-malformations was given a prescription for budeso-
vice.[106]nide during her pregnancy.

Clinically relevant potential adverse effects of
2.4.4 Summary of Data on Pregnancy

systemic exposure to corticosteroids, other than ad-
In summary, the literature indicates that adequate

renal crisis, reduced final height, fractures and preg-
asthma control is of major importance for the preg-

nancy outcome, were not addressed in the present
nancy outcome regarding both mother and child.

review, largely because of the difficulty of defining
Large register studies and clinical trials indicate that

clinical endpoints for cross-study evaluation. For
inhaled budesonide does not increase the risk for the

example, systemic corticosteroid exposure has been
mother or child.

associated with ophthalmological complications.[109]

Although data have been published indicating little3. Discussion
or no effect of even high doses of inhaled budeso-

Our review of the current evidence supports the nide on intraocular pressure,[110] the relevant clinical
long-term safety of budesonide therapy at recom- endpoint – glaucoma – is more difficult to study.
mended doses in terms of a number of key clinical The risk of cataracts also presents a challenge in that
safety endpoints, including adrenal crisis and insuf- a variety of definitions are used within the literature
ficiency, final height, fracture risk and pregnancy including lens opacities without impairment of
outcomes. vision rather than changes with impaired vision. At

Inhaled budesonide was first made available for present, an observational 4-year cohort study[111]

the management of asthma in the early 1980s and and randomized clinical trials[81,112] have not shown
has one of the longest safety records of the current any increased risk of cataracts with budesonide in
commercially available ICS. Such an extensive evi- children.
dence base is not yet available for other ICS and
whether the apparent long-term safety of budeso- 3.1 Adrenal Crisis and Adrenal Insufficiency
nide in key clinical areas can be extrapolated to
other ICS is unclear; pharmacological and pharma- From a review of the literature, it appears that
cokinetic differences between the current ICS may acute adrenal crisis is an extremely rare complica-
contribute to differences in systemic expo- tion of ICS therapy. The survey by Todd and col-
sure.[12,104,105] For example, the systemic half-life of leagues[8] provides, to our judgement, the most relia-
budesonide is much shorter than that of fluticasone ble information about the problem because of three
propionate as a result of its smaller volume of distri- particular aspects. First, it was a nationwide (UK)
bution. This can be partly explained by its low survey. Second, certain criteria were set up for eval-
lipophilicity relative to fluticasone propionate and uating the specific diagnosis of adrenal crisis, and
other ICS.[106] The reversible esterification process third, it was possible to compare patient exposure
for budesonide occurs preferentially in the lung, and for different ICS based upon sales figures. Accord-
may serve as a local ‘slow release’ lung deposit of ing to this survey, there may be differences in the
budesonide. This extends exposure at target and risk profiles of current ICS, with fluticasone pro-
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pionate presenting the highest risk based on the clear 3.3 Fractures
predominance of adrenal crisis cases during fluti-

Epidemiological studies provide contradictorycasone propionate therapy compared with other ICS.
results regarding increased risk of fractures asso-Although the majority of the patients had used fluti-
ciated with ICS; those epidemiological studies thatcasone propionate at higher doses than licensed for
suggest a potential increased risk of fractures mainlythe drug, many of them were not treated with higher
refer to ICS in general, rather than budesonide spe-doses than recommended in the British Guidelines
cifically, and the outcomes cannot automatically beon Asthma Management at the time.[113] Inhaled
extrapolated to budesonide because of differences inbudesonide has been on the market since 1981 but
pharmacology and doses. In this review, all studiesthe number of cases of adrenal crisis in patients
mentioning budesonide have been included, even ifreceiving budesonide therapy is low and, for the
the number of patients treated with budesonide wascases with enough data presented to allow an ana-
small. Another problem with epidemiological stud-lysis, explanations can be found for all cases except
ies is the ever-present risk of confounding factors,for one.[23] The most important explanations were
especially the underlying disease, and several stud-combination with interacting medications that in-
ies have shown that COPD, asthma and allergiccrease the systemic levels of budesonide (i.e.
diseases all increase the fracture risk due to osteo-CYP3A4 inhibitors) in patients with cystic fibrosis,
porosis.[65,70,74,114-118]

or too high a dose of corticosteroid either by combi-
Regarding fractures, epidemiological studies willnation with other corticosteroid treatment or treat-

mainly be hypothesis generating and any associationment above the highest recommended dose for in-
with a particular substance and increased risk ofhaled budesonide.
fractures must be assessed by controlled clinical
trials, preferably placebo-controlled and with fo-

3.2 Final Height
cused investigations such as systematically per-
formed relevant x-ray investigations. None of theData on final height after long-term ICS treat-
budesonide-specific clinical trials (up to 800 µg/ment require long-term follow-up. An analysis after
day) in this review demonstrate any increased risk ofan average of 9.2 years’ treatment showed that long-
fractures. In addition, it should be noted that theterm treatment with budesonide had no significant
search inclusion criteria exclude other clinical trialseffect on final adult height.[49] These findings are
with budesonide where no fractures were reported.also supported by a later epidemiological study,[47]

where ICS-treated children and adolescents were 3.4 Pregnancy
found to attain their final height at the same degree
as healthy controls. However, assuming that adult As expected, given the prevalence both of con-
height in ICS-treated asthmatic patients is reached at genital malformations and of asthma, congenital
the same age as healthy individuals may underesti- malformations have been reported in children born
mate the final adult height of the asthmatic pa- to females who took ICS during pregnancy. How-
tients[50] since 48.1% of the budesonide-treated pa- ever, upon more stringent examination of congenital
tients achieved final height at age ≥20 years com- malformations in children born to pregnant women
pared with only 11% of their 106 healthy siblings. It taking inhaled budesonide using randomized, place-
was concluded that adult height in children treated bo-controlled clinical trials and epidemiological
with inhaled budesonide is normal, but reached later studies, no difference in incidence has been observ-
than in healthy children. Because of the differences ed. Indeed, since 2000, the American College of
in the pharmacological properties, the reassuring Obstetricians and Gynecologists and the American
data on final height generated for inhaled budeso- College of Allergy, Asthma and Immunology has
nide cannot necessarily be considered to be valid for recommended inhaled budesonide to pregnant asth-
other ICS.[14] matic women.[119] Furthermore, on the basis of the

© 2008 Adis Data Information BV. All rights reserved. Drug Safety 2008; 31 (11)



Safety of Inhaled Budesonide 985

findings from the Swedish birth and health regis- fracture risk and adverse pregnancy outcomes in
ter,[87] US FDA re-categorized inhaled budesonide very rare cases.
for use during pregnancy from Category C to Cate-
gory B in 2001. Budesonide is the only ICS with a Acknowledgements
pregnancy Category B. These data were later con-
firmed in epidemiological studies[88,89] and the Asth-
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