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Asthma, inhaled corticosteroid treatment,
and growth

Titus K Ninan, George Russell

Abstract
To evaluate the effects on growth of inhaled
corticosteroid treatment (ICT) and of the
quality of control of asthma, height velocity
was studied in 58 prepubertal children attend-
ing a specialist asthma clinic because of
chronic asthma that was difficult to control.
The height velocity standard deviation (SD)
score was maximal when the asthma was well
controlled both before (0-01) and after (-0.07)
starting ICT. It was least when the asthma
was poorly controlled both before (-1-50) and
after (-1-55) starting ICT. The effectiveness
of control correlated significantly with the
height velocity SD score, both before and
after ICT was started. No evidence was found
that the administration of ICT has an adverse
effect on growth.
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Inhaled corticosteroid treatment (ICT) has been
used to treat moderate to severe asthma since
the early 1970s,' 2 the two drugs most com-
monly used in the UK are beclomethasone
dipropionate and budesonide. Occasional minor
side effects such as oral thrush, dysphonia, and
hoarseness have been reported. 1 3 Adrenal sup-
pression has been observed in patients on ICT,
but the dose at which this occurs varies. Some
investigators have noted evidence of adrenal
suppression in patients on conventional doses of
ICT,4 5 while others have found adrenal dys-
function only with higher than conventionally
recommended doses.' 6
Growth retardation in severe childhood

asthma was described long before the introduc-
tion of ICT79; it also occurs as a complication
of long term systemic corticosteroid treatment
for asthma.'0 11 The effect of ICT on linear
growth, is however, controversial. 3 12-14

This study evaluated the effects of ICT and
the severity of asthma on linear growth in
prepubertal children with severe chronic
bronchial asthma, many of whom were poorly
controlled despite higher than conventionally
recommended doses of ICT.

Patients and methods
The growth of 58 children (38 boys and 20 girls)
with chronic asthma was followed up for a mean
duration of 4f9 years (range 2-6-9-4 years).
The children studied were suffering from

recurrent or chronic asthma, which was suf-
ficiently severe to require regular hospital review
that included assessment of their growth. Height
was measured on the same stadiometer by a
small group of nurses who were also responsible
for measuring children attending the local
growth centre, thus ensuring a standardised
technique. Asthma control was assessed by a
symptom score based on the frequency, dur-
ation, and severity of wheezing and on the
number of days per week on which rescue
medication (systemic steroids or bronchodilator
treatment) was used (table 1). For each category
a score of 0-4 was given to produce a maximum
of 16 points. A score of 5 or less was classed as
good control, 6-10 as moderate control, and
greater than 10 as poor control. Each of these
children were followed up for a minimum of one
year when not receiving ICT and for at least
another year when on a continuous ICT.
To avoid pubertal influences, growth was

studied in boys until the 11th birthday and in
girls up to the 10th birthday. The mean age of
entry into the study was 3 5 years for boys and
4-4 years for girls. The mean age of exit from
the study was 9 years for boys and 7 5 years for
girls.
Each child was treated initially with 2

receptor stimulants, theophylline, and/or sodium
cromoglycate for a mean duration of 1 8 years
(range 1-6'5 years). Because of inadequate
control of interval symptoms the children were
then started on ICT (budesonide or beclo-
methasone dipropionate). The selection of drug
was based on the type of inhalation device
which the patient was best able to use: bude-
sonide was generally given by a large spacer
(Nebuhaler, Astra) whereas beclomethasone
dipropionate was generally given by metered
dose inhaler or dry powder inhaler (Rotahaler,
Allen and Hanburys).

Table 1 Asthma symptom score

Score

1 2 3 4

Frequency of wheezing in the 0-3 4-7 8-14 >14
past 2 months (days)

Typical duration of episodes (hours) <1 1 -6 7-24 >24
Type of treatment required Inhaled Inhaled Nebuliser Hospital admission

(<4 puffs/day) (>4 puffs/dav)
Rescue medication in the <4 4-7 8-14 > 14

past 2 months (days)
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To achieve rapid control of the asthma ICT
was usually started at a dose of 400 [tg per day
that was then adjusted (usually downwards) at
regular intervals depending on the response to
treatment. In most patients satisfactory control
was attained rapidly on ICT given in a dose of
400 ,tg or less per day, and the patient was
discharged from further review. The patients in
the present study are those in whom satisfactory
control of symptoms was harder to achieve, who
commonly required higher doses of ICT, and
who therefore required long term review. In the
patients studied the median dose of ICT was
800 ,tg (range 200-1600 ,ug); treatment with
sodium cromoglycate was suspended once ICT
was commenced. The children were then fol-
lowed up for a mean duration of 2-7 years (range
1-5 - years).
Height velocity was calculated and expressed

as height velocity standard deviation (SD)
scores according to age using the formula:

Height velocity Height velocity-mean height velocity for age
SD score - SD of height velocity for age

After calculating the height velocity SD score
the values were centralised on the point at
which ICT was commenced and, because of the
non-normal distribution of the values, geometric
means were calculated for each patient before
and after starting ICT. Analysis of variance was
used to evaluate the effect on growth of sex and
asthma control before and after the administra-
tion of ICT. Correlation coefficients were used
to evaluate the relationships between asthma
control, sex, and height velocity SD score
before and after starting ICT.

Results
The 58 children had a mean height velocity
throughout the period of observation of -0-54
(range -4-20 to +2 90). The rate of growth for
girls was less than that of the boys though the
difference between the means was not statistically
significant (table 2). From tables 3 and 4 it is
apparent that subjects whose asthma was well
controlled grew well whereas those subjects
whose asthma was badly controlled grew poorly,

Table 2 Mean height velocity SD score of the 58 children
studied. Results are mean (SE)*

Before ICT After ICT

Boys (n=38) -0-42 (0-19) -0-53 (0-19)
Girls (n=20) -0-76 (0 22) -0 70 (0-24)
All (n= 58) -0 51 (0-14) -0-59 (0-14)

*There was no significant difference between the means before
and after ICT.

Table 3 Effect of asthma control on height velocity SD
score before ICT was started

Control Mean (SE) 95% Confidence
interval

Table 4 Effect of asthma control on height velocity SD
score after ICT was started

Control Mean (SE) 95% Confidence
znterval

Good -0-07 (0 24) -0-60 to 0-45
Moderate -0-49 (0-17) -0 85 to -0-13
Poor -1 55 (0-31) -2-25 to -0-85

Significance of difference between means: good v poor, t=2-92,
p=0 009; good v moderate, t= 1-39, NS; and moderate v poor,
t=3-67, p=0-001.

Table 5 Correlation coefficients between sex, ICT dose,
asthma control, and height velocity SD score before and after
starting ICT

Control Height velocity SD score

Before After Before After

Sex:
r -0-080 -0-197 -0-166 -0-160
p 0-278 0071 0 108 0-107

Dose:
r 0-160 -0-199
p 0-117 0-69

Control:
r -0-54 -0 458
p 0*000 0 000

regardless of whether or not they were receiving
ICT. Height velocity SD score correlated nega-
tively with control of asthma both before and
after commencing ICT (table 5) but not with
the dosage of ICT used.
The height velocities of the 16 children on

whom we had growth data for more than two
years both before and after starting ICT were
considered separately on a year by year basis;
there was no change in height velocity after
starting ICT.

Discussion
The use of inhaled steroids is firmly established
as one of the mainstays in the maintenance
treatment of children with moderate and severe

asthma.1-3 The currently accepted indication
for long term use of ICT is the presence of
chronic asthma that is not adequately controlled
by non-steroidal drugs. In most children
adequate control of asthma can be obtained with
doses between 100 and 600 [ig per day.'5 The
therapeutic effects of ICT are, however, dose
dependent'6 and it may occasionally become
necessary, as in the majority of children in this
study, to increase the dosage to achieve optimum
control of the asthma.
Although Littlewood et al concluded that

ICT produced growth impairment in asthmatic
children,'3 many of their patients were of an age
when pubertal changes would be expected to be
influencing growth. Balfour-Lynn has shown
that asthma is associated with a relative deceler-
ation of growth in later childhood leading to
delayed puberty. 12 In our study pubertal influ-
ences were avoided by studying boys only until
the 11th birthday and girls until the 10th
birthday. Objective measurements on the
pubertal status of the children were not made,
though the ages at exit (mean 9 years for boys
and 7-5 years for girls) would make it unlikely
that pubertal changes played a significant part.
The 58 children in this study, whose asthma

Good 0-01 (0-14) -0-27 to 0 30
Moderate -0-83 (0 23) -1-33 to -0-34
Poor -1-50 (0 39) -2-37 to -0-62

Significance of difference between means: good v poor, t=3-64,
p=0003; good v moderate, t=3-11, p=0 004; and moderate v
poor, t= 1-45, NS.
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was frequently poorly controlled, tended to
show relative growth impairment both before
and after they were commenced on ICT, a
previously observed phenomenon.17
Of the possible influences on growth that we

studied, the only factor with a significant effect
was the quality of control of the asthma. The
linear growth of children with poorly controlled
asthma was significantly slower than in those
whose asthma was well controlled, a finding
which was observed both before and after
starting ICT (tables 3 and 4). The dose of ICT
did not correlate with height velocity SD score
(table 5) and although girls showed slightly
more growth impairment than boys, the differ-
ence was not significant.

In this study it was apparent that whereas the
control of the asthma had a major effect on
growth, ICT had no such effect. This finding is
in keeping with the observation long before ICT
was introduced that childhood asthma is as-
sociated with growth impairment,7-9 a finding
which has been related to both the severity of
the asthma'8 and to the existence of the atopic
state. 17
We have therefore been unable to demonstrate

any adverse effect of ICT on growth; when
growth impairment occurs in an asthmatic child
this is more likely to reflect poor asthma control
than the administration of ICT.

We thank Daphne Russell for helpful statistical advice and Dr
Peter Smail for advice on the calculation of height velocity SD
scores.
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