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children with asthma receiving long-term treatment with 

inhaled budesonide
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Advances in our understanding of the pathophysiology
of asthma as an inflammatory disease, even in patients
with mild illness, have resulted in the early use of inhaled
corticosteroids for optimal treatment of both adults and
children [1–3]. Several controlled clinical trials have es-
tablished the efficacy of inhaled corticosteroids in improv-
ing virtually all outcome measures in asthma to a greater
extent than any other antiasthma drug [2, 4]. This change
in therapy has occurred more rapidly in the adult asth-
matic population than in the paediatric, mainly because
paediatricians (and parents) are still concerned about the
potential adverse effects of long-term treatment with in-
haled corticosteroids in growing children.

Systemic corticosteroids have been shown to be associ-
ated with an increased occurrence of cataracts and bruises
in children and adults [5–8]. Moreover, long-term, high-
dose inhaled corticosteroid therapy in adults has been ass-
ociated with dermal thinning and increased occurrence of
bruises and hoarseness [9–11]. At present, our knowledge
is rather sparse about the occurrence of posterior subcap-
sular cataracts (PSC), bruises and hoarseness in children
with asthma receiving continuous long-term treatment with
inhaled corticosteroids.

Several studies have evaluated the influence of inhaled
corticosteroids on markers of collagen formation and deg-
radation [12–15]. Generally, the results from these studies
have been reassuring: doses of inhaled corticosteroids pro-
ducing optimal disease control in the majority of patients
are not associated with any detectable effect on these mar-
kers, although significant changes have sometimes been
reported with high-dose therapy. It remains to be establis-
hed, however, whether these small changes in markers of
collagen formation and degradation are clinically impor-
tant.

The aim of the present study was to assess the occur-
rence of PSCs, bruises and hoarseness in children with
asthma treated for at least 3 yrs with the inhaled corticos-
teroid budesonide, and to compare the findings with those
of asthmatic children who had never received continuous
treatment with exogenous corticosteroids.

Patients and methods

Children with persistent asthma and no other chronic
disease were studied. The patients were well-known to our
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ABSTRACT: We assessed the effect of long-term treatment with inhaled budesonide
(BUD) on the occurrence of posterior subcapsular cataracts (PSC), bruises and
hoarseness in children with asthma.

Slit lamp examinations were performed in 157 asthmatic children treated with
inhaled BUD at a mean daily dose of 504 µg (range 189–1,322 µg) for 3–6 yrs (mean
4.4 yrs). Measurements were compared with 111 age-matched children with asthma,
who had never received treatment of exogenous corticosteroids (control group). The
children were examined for bruises, their tendency to bruise and occurrence of voice
changes.

No incidents of PSC ascribable to BUD treatment were seen. One patient in the
BUD group had been diagnosed with PSC before the study and this was still present.
There were no statistically significant differences in number of bruises between the
two groups (BUD=3.3, controls=3.2; p=0.70), area covered by bruises (BUD=10 cm2,
controls=10.1 cm2; p=0.97), tendency to bruise (BUD=5/10, controls=5/10) or occur-
rence of hoarseness (BUD=20%, controls=21%; p=0.92). Furthermore, there was no
correlation between the occurrence of bruises or tendency to bruise and duration of
treatment, accumulated or current dose of BUD.

A 3–6 yr treatment of children with inhaled budesonide at an average daily dose
of about 500 µg is not associated with an increased occurrence of posterior subcapsu-
lar cataract, bruises, tendency to bruise, hoarseness or other noticeable voice chan-
ges.
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clinic as participants in an ongoing prospective, long-term
(several years) controlled study on the effect of budeso-
nide on growth and lung function [1]. The present investi-
gation was added as a part of the recordings made in the
prospective study at a time when all children had been fol-
lowed for at least 3 yrs.

The children had been seen at our clinic at least every
sixth month for 3–6 yrs at the time of the present study.
The following recordings were always made at each visit:
number of hospital admissions due to acute severe asthma
during the previous 6 months, age, height (Harpenden®
stadiometer (Holtain Ltd., UK), mean of three measure-
ments), weight and lung function (Vitalograph® (Vitalo-
graph Ltd., Buckingham, UK), best of three measurements),
use of concurrent medicine, dose of inhaled budesonide
and inhalation device. Furthermore, adjustments of the
dose of inhaled corticosteroid were made based upon the
assessment of clinical control of the disease in order to
treat the child with the minimal effective dose.

Between clinic visits, changes in budesonide dose or
other asthma medications were always made under the
supervision of the clinic so that transient changes in treat-
ment during periods of increased asthma symptoms were
always recorded.

These recordings made it possible to accurately calcu-
late the average dose of exogenous corticosteroid during
the previous 6 months and the accumulated dose of bude-
sonide over the years.

Compliance with the asthma medication was checked at
each visit by asking the child and the family about their
compliance. In addition, the frequency of renewal of pre-
scriptions was measured once a year for each child. Fin-
ally, the child was given an inhaler at the clinic whenever
the inhaler strength was changed. In such situations, the
child was asked to return to the clinic for another visit 6–8
weeks later and to bring the inhaler at that visit. These
measures allowed an assessment of compliance by meas-
uring the number of doses taken (weighing canisters (pre-
ssurized metered-dose inhaler; pMDI)) or counting the
number of doses left (Turbuhaler®, Astra AB, Lund, Swe-
den) in relation to the prescribed dose.

All asthma medication except systemic corticoster-
oids for >2 weeks·yr-1, were allowed in the study. Children
who required systemic corticosteroid for >2 weeks·yr-1

were excluded from the study.
In addition to children treated with inhaled budesonide,

the ongoing prospective study also include a "control
group" of children with asthma whose parents do not
want their child to be treated with inhaled corticosteroids.
These "controls" have been followed in exactly the same
manner as the children on budesonide (similar recordings
at least every 6 months at our clinic for a number of
years). They receive all varieties of asthma medication,
except inhaled or systemic corticosteroids, for >2 weeks·
yr-1. In addition to these children, we have also included
some newly referred children with asthma to the control
group of the present study in order to obtain a sufficient
number of patients for comparison. None of these newly
referred children had ever received oral or inhaled corti-
costeroids for >2 weeks.

All children from the ongoing prospective study who
had received inhaled budesonide continuously for >3 yr
were included in the present study investigating the occ-
urrence of PSCs, bruises and hoarseness. To avoid the

confounding influence of systemic corticosteroids, the
following exclusion criteria were used in the present study:
>14 days treatment with systemic corticosteroids ever (both
groups of children); inhaled corticosteroids for >2 weeks
ever (control group); topical (skin) corticosteroids after
the age of 2 yrs ever applied to >25% of the body surface
(both groups); metabolic diseases, such as diabetes (both
groups); family history PSC; and use of nasal corticost-
eroids, except for the treatment of seasonal rhinitis <1
month·yr-1 (both groups).

All patients were questioned about the occurrence of
any incidents (trauma) in the past that might cause opaci-
ties of the lens.

Cataract assessment

A narrow-beam slit lamp examination was performed
in all patients after dilation of the pupils. All examinations
were carried out by the same experienced, specialist-certi-
fied ophthalmologist, who had no knowledge of the treat-
ment received by the children. Opacities, if present, were
classified as PSC or non-PSC opacities. The latter inclu-
ded various lesions not related to corticosteroid therapy,
such as nuclear sclerosis or congenital cataracts.

Bruises

The number and size of bruises on one forearm and one
lower leg were recorded. The physical examinations were
always done on the limbs of the dominant-hand side of the
patient. Additionally, each family was asked to rate, using
a visual analogue scale (0–10), their child's tendency to
bruise (0=not at all, 10=very easily).

Since differences in physical activity between the two
groups might influence the occurrence of bruises, an ass-
essment of each patient's physical activity was made with
the aid of a visual analogue scale and a standardized ques-
tionnaire about daily activities, including participation in
sports (number of times per week). The visual analogue
scale (0–10) scored the children's participation in play and
daily physical activities within the previous month (0=
none at all, 10=very high level).

Hoarseness

All families were asked if their child experienced hoar-
seness or other noticable voice changes. The answer op-
tions were: "Yes", "No" or "Don't know".

The recordings of bruises and hoarseness were always
done by a person who had no knowledge of the treatment
received by the children.

The study was approved by the local ethics committee
and all families had given verbal and written informed
consent to participation.

Statistical analysis

Fisher's exact test (one-sided) was used to assess whe-
ther the PSC was more frequent in the budesonide group
than in the control group. All answers provided by the
families to the questions asked during the study were
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compared between groups using chi-square tests for homo-
geneity. The number and size of bruises in the two groups
were compared by t-tests.

The relationship between bruises and the accumulated
dose and total duration of treatment with budesonide was
assessed only through scatter plots.

Results

A total of 268 children were studied: 157 in the bude-
sonide group and 111 in the control group. The patients
characteristics are shown in table 1. The two groups were
comparable with respect to age, height and weight. The
proportion of males was somewhat higher, and the mean
duration of asthma at the time of the study was signifi-
cantly longer in the budesonide group than in the control
group. Furthermore, children treated with budesonide had
a higher forced expiratory volume in one second (FEV1)
(% predicted) than the children in the control group.

Eight per cent of the children in the budesonide group
used inhaled long-acting β2-agonists, and 2% used theo-
phylline. In the control group, 15% used inhaled long-act-
ing β2-agonists, 22% used theophylline, 20% used sodium
cromoglycate and 1% used oral β2-agonists. All children
in both groups used inhaled β2-agonists as needed. The
mean compliance with inhaled budesonide was assessed
to be 78% (range 42–110%).

The mean total accumulated dose of budesonide for
children in the budesonide group was 813.1 mg (range
249–2,800 mg), and the mean treatment duration was 1,603
days (4.4 yrs) (range: 3–6 yrs), giving a mean average
daily dose of 504 µg (range: 189–1,322 µg).

Cataracts

Slit lamp examinations were not performed in six pat-
ients (two in the budesonide group and four in the control
group) because the patients never visited the ophthalmolo-
gist despite repeated invitations. One patient in the budes-
onide group had a PSC (one eye only) that had already
been diagnosed by another ophthalmologist 2 yrs prior to
initiation of budesonide treatment. No other incidents of
PSC were found in the two groups. Fisher's exact test did
not find any increased risk of PSC in the budesonide group
when compared with the control group (p=0.46). Three
children were diagnosed with non-PSC opacities: two
children in the budesonide group showed signs consistent
with congenital unilateral cataract and one child in the
control group showed signs consistent with congenital
bilateral cataract.

Twenty-five per cent of the children in both groups re-
ported previous events (physical trauma of the eye) that
might influence the occurrence of lens opacities.

Bruises

There were no statistically significant differences in the
number of bruises between the two groups (BUD=3.3,
controls=3.2; p=0.70), area on arm and leg covered by
bruises (BUD=10 cm2, controls=10.1 cm2; p=0.97), ten-
dency to bruise as assessed using a visual analogue scale
(BUD=5/10, controls=5/10; p=0.98) or by the answer to
the question: "Does your child bruise easily?" (table 2).
Furthermore, there was no correlation between the occur-
rence of bruises or tendency to bruise and duration of treat-
ment, accumulated, or current dose of budesonide (fig. 1).

Table 1.  –  Patient characteristics of the two groups of
children with asthma

Control group Budesonide group

Number
% M/% F
Age  yrs
Height  kg
Weight  kg
Atopy  %
Asthma duration  yrs
FEV1  % pred

111
55/45

9.9 (5–16)
142 (107–177)
37.4 (16–75)

86
4.5 (0.5–12)
81 (60–97)

157
69/31

10.3 (5–16)
143 (104–182)
38.1 (16–90)

89
8.3 (4–16)

97 (76–106)

Data are presented as mean values and ranges. FEV1: forced
expiratory volume in one second; M: males; F: females.

Table 2.  –  Answers to the question "Does your child
bruise easily?"

No Yes Don't know

Budesonide (n=157)
Control group (n=111)

90 (57)
75 (68)

62 (39)
35 (31)

5 (4)
1 (1)

Data presented as number of children and percentages in paren-
thesis. There was no statistically significant difference between
the two groups (p=0.14).
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Fig. 1.  –  Total number of bruises as a function of accumulated dose
and time on inhaled budesonide. No correlation was seen between the
occurrence of bruises or tendency to bruise and duration of treatment of
accumulated dose of budesonide. Solid line: geometric mean.
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The number of times per week that the children parti-
cipated in sports activities was the same in both groups
(1.46 (BUD) and 1.40 (control), respectively). However,
based upon the results from the visual analogue scale, the
children in the budesonide group were more physically
active than the children in the control group (spent more
hours outside playing, biked or walked to school more fre-
quently, etc.), the mean scores in the two groups being 8.3
(BUD) and 5.7 (control) (p<0.01).

Hoarseness

There was no statistically significant difference bet-
ween the two groups in occurrence of hoarseness or other
noticable voice changes. This was reported in 20% in the
budesonide group and 21% in the control group (table 3).

Discussion

The cataracts that complicate chronic systemic corti-
costeroid therapy are typically of the PSC type, although
nuclear lesions may be seen as well [8, 16]. The preva-
lence has been reported to be influenced by the daily and
cumulative dose of corticosteroid and duration of treat-
ment and probably also by patient age [5]. Furthermore,
some researchers have suggested individual patient sus-
ceptibility as an important factor [17].

When designing the present study, we tried to avoid
some of the problems of interpreting potential findings
of opacities in the budesonide-treated children. This was
achieved by restricting the study to well-characterized pati-
ents who we knew had never received systemic corticos-
teroids for >14 days, and by including a control group of
children with asthma who had never received exogenous
corticosteroids. This is clinically more relevant than a
comparison with healthy children because cataracts may
occur at a higher frequency in atopic patients in the an-
terior subcapsule, the posterior subcapsule or throughout
the lenses [18–20]. In addition, the ophthalmologist was
blinded with respect to the treatment given in order to
minimize any possible bias. The only case of an earlier-
diagnosed lens opacity was also detected during the study,
indirectly supporting the quality of the slit lamp examina-
tion. It was not possible, however, to assess accurately
whether the opacity in the posterior subcapsular region
had progressed since the initial diagnosis, but it appeared
not to be the case.

The pathogenesis of corticosteroid-induced PSC is not
fully understood. Disturbances of carbohydrate metabo-
lism have been suggested to play an important role. It is
known that budesonide, given in the doses used in the
present study, does not exert any major adverse influence

on carbohydrate metabolism in children [21, 22]. Hence,
if the theory about disturbed carbohydrate metabolism is
accurate, we would not expect to find any PSC in the
budesonide-treated group. This, indeed, was what we found.
This finding corroborates with those reported in previou-
sly published studies of smaller groups of less well-char-
acterized children, adolescent and adult patients treated
for shorter periods of time with inhaled glucocorticoster-
oids [5, 17, 23–25]. These data strongly suggest that long-
term treatment with budesonide in the doses used in the
present study is unlikely to cause PSC formation. Further-
more, routine ophthalmological surveillance for PSC in
children receiving long-term inhaled corticosteroid treat-
ment is not warranted and probably not cost-effective.

The budesonide group differed from the control group
with respect to duration of asthma at the time of study and
to the proportion of males and females. These variables
did not influence the parameters studied, so it is unlikely
that these intergroup differences influenced the results.

To the best of our knowledge, the influence of inhaled
corticosteroids on the occurrence of bruises has not pre-
viously been studied in children. High doses given for sev-
eral years have been reported to increase bruising in
adults, especially postmenopausal females. In these pati-
ents, there seems to be a correlation between bruises and
the duration of treatment and accumulated dose [9, 10]. In
the present study, there was no difference in the occur-
rence of bruises or tendency to bruise between the two
groups, despite the fact that the children in the budesonide
group were more physically active than the children in the
control group, a factor that would logically cause one to
expect an increased number of bruises. Moreover, neither
accumulated nor current budesonide dose, nor duration of
treatment correlated with the occurrence of bruising. This
strongly suggests that bruising is unlikely to be a problem
in children receiving long-term treatment with inhaled
corticosteroids in the doses used in the present study. This
is in accordance with the findings of studies evaluating the
influence of inhaled corticosteroids on markers of colla-
gen formation and degradation in children [12–15]. Only
high doses of inhaled corticosteroids seem to be associ-
ated with subtle changes in some of these markers, sug-
gesting a reduced collagen turnover rate. It remains to be
established, however, whether these short-term changes in
markers of collagen formation and degradation are clini-
cally important. The present findings suggest that they are
not.

Bruising may be a relatively crude outcome measure.
Ultrasound has recently been suggested as a useful tool in
detecting subtle changes in the composition and texture of
the skin caused by exogenous corticosteroids [26], but fur-
ther studies are required to confirm the accuracy and clini-
cal value of ultrasound for this purpose.

The frequency of hoarseness of around 20% in the
budesonide group is in agreement with the findings of
many studies in mainly adult patients [11, 27–32]. Hoarse-
ness is normally assumed to be the most frequent adverse
effect of inhaled corticosteroid treatment. Therefore, the
absence of an increased occurrence in the budesonide
group was very surprising. The interesting finding in this
study was that the rate did not differ from the control
group, emphasizing the importance of including a control
group for comparison and perhaps also blinding the study

Table 3.  –  Answers to the question "Does your child
develop hoarseness or voice changes easily?"

No Yes Don't know

Budesonide (n=157)
Control group (n=111)

121 (77)
87 (78)

31 (20)
23 (21)

5 (3)
1 (1)

Data presented as number of children and percentages in paren-
thesis. There was no statistically significant difference between
the two groups (p=0.92).
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to avoid bias. These precautions have not always been
taken in other studies.

The lack of an increased occurrence of hoarseness in
the budesonide group might be due to inaccurate or impre-
cise questioning of the patients. However, the questions
that we posed to the families were quite similar to those
used in other studies, so we do not have reason to believe
that this caused the discrepancy. It may be that the inhala-
tion device used in this investigation, the dry powder
inhaler Turbuhaler®, might have had a positive influence
on hoarseness. Reports in the literature suggest that this
device may reduce the occurrence of hoarseness as com-
pared with a pMDI [27, 33], probably because the vocal
cords are in a more open position when inhaling against a
certain resistance [34, 35]. The majority of reports on
hoarseness have been in adults, who have been assessed
rather early after initiation of treatment with inhaled corti-
costeroids. It is not known whether children and adults
differ with respect to susceptibility to this possible adverse
effect or whether voice changes are more frequent at the
beginning of the treatment. Finally, the children in our
study had received the therapy for several years and there-
fore may have become used to any possible voice chan-
ges.

It would have been desirable to have electronic moni-
toring of compliance to accurately assess the actual dose
taken. That was not possible, mainly because we could
not obtain a Turbuhaler with an electronic recording of
the number of doses taken. Therefore, we had to monitor
compliance in a less accurate way. However, during a 1 yr
period, we were able to electronically monitor the actual
number of doses taken in some of the patients. These mea-
sures were in reasonably good agreement with our other
recordings (the mean compliance was the same). This sug-
gests that our compliance estimate was fairly accurate.
This assumption is indirectly supported by the excellent
clinical results seen in the budesonide group [1].

Conclusion

We conclude that three to six years' treatment of chil-
dren with inhaled budesonide at an average daily dose of
about 500 µg is not associated with an increased occur-
rence of posterior subcapsular cataracts, bruises, tendency
to bruise, hoarseness or noticeable voice changes in chil-
dren with chronic asthma.
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