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ABSTRACT: During recent years, new auxological techniques have been intro-
duced for assessment of the risk of growth suppression in asthmatic children treat-
ed with exogeneous glucocorticosteroids. Assessment of lower leg growth rates with
the knemometer has made short-term studies of growth processes under strictly
controlled conditions possible. However, short-term lower leg growth rates cannot
be used for estimations of intermediate-term height growth rates or long-term eval-
uations of final height. Consequently, the distinctions between the various types of
growth studies in asthmatic children treated with inhaled glucocorticosteroids have
become important and need to be discussed.

The present paper presents a review of the long-, intermediate- and short-term
growth studies available. The bulk of evidence from intermediate- and short-term
evaluations indicates that growth rate is not affected when standard paediatric doses
of inhaled glucocorticosteroids are used. However, further focus needs to be placed
on differences between specific glucocorticosteroids, doses and delivery systems.
Intermediate- and short-term growth data should be evaluated in the long-term per-
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During recent years, it has become widely accepted
that symptoms and severity of bronchial asthma are cor-
related to features of inflammation [1, 2] . Since topi-
cal glucocorticosteroids have marked anti-inflammatory
effects in the bronchial mucosa, these drugs are increas-
ingly recommended for early treatment in the manage-
ment of asthma [1, 3-5]. Consequently, the risk of serious
adverse effects, such as growth retardation in children,
has attracted more attention. New methods and tech-
niques have been introduced for assessment of the risk
of growth supression. This paper reviews the data avail-
able on growth effects of inhaled glucocorticosteroids in
asthmatic children and comments on the interpretation
of results from various types of growth studies.

Regulation of growth

Normal growth is regulated by complex interactions
of hormonal influences, tissue responsiveness and nutri-
tion [6]. The final outcome of growth, adult height,
depends on three distinct age-related components: 1)
Growth during infancy. The rapid growth of the first
2-3 yrs of life. To some extent this phase is controlled
by the same factors which stimulate foetal growth, the
main one being nutrition; 2) Childhood growth. Longi-
tudinal growth occurring from 3 yrs of age to puberty,
which is mainly dependent on pituitary secretion of growth
hormone; and 3) Growth during puberty. The pubertal
growth spurt, which in addition to growth hormone is
stimulated mainly by the sex glucocorticosteroids.

Outcome measures of growth

When the effect of exogeneous glucocorticosteroids
on growth is evaluated, it is convenient to apply the fol-
lowing definitions of long-, intermediate- and short-term
growth studies [7]. The long-term growth study starts
in infancy or childhood and is completed when adult
height has been achieved. The intermediate-term growth
study evaluates growth in longer periods than 6 months
but does not include assessment of final height. The
observation period in a short-term growth study is 6
months or less.

The clinically important outcome measure, final adult
height, can only be assessed in a long-term study. It is
expressed as the observed height in relation to expected
final height, allowing for sex and mid-parental height
differences.

Though final height is the clinically relevant outcome
measure of growth, it is not always possible to follow
the child until adult height has been achieved. Therefore,
most studies of growth in children treated with inhaled
glucocorticosteroids have used observation periods of
one or several years but have not included assessment
of final height. Analysis of annual height measurements
in glucocorticosteroid-treated children may provide impor-
tant information on treatment effects, which may lead to
withdrawal of the treatment or changes in treatment reg-
imens. Furthermore, annual measurements may also iden-
tify individual responses to treatment.

The outcome measures of intermediate-term studies
are height growth rate and statural height compared to
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age- and sex-matched standards for normals (height per-
centiles, height standard deviation scores). Since the
error of height measurement is approximately 0.3 cm,
shorter than annual measurement intervals should not be
applied. It is important to be aware that due to seasonal
variations in growth, to spontaneous variations in growth
rate throughout childhood, and to variations in the tim-
ing and size of the pubertal growth spurt, growth rates
from intermediate-term studies are not reliable for pre-
diction of final height [8—11].

The short-term growth study requires auxological tech-
niques with smaller measurement errors than those obser-
ved for statural height, such as knemometry or modified
knemometry for use in early life [12, 13]. The knemo-
meter measures the length of the lower leg with an accu-
racy of approximately 0.1 mm. Compared to long-term
and intermediate-term growth studies, there are three
important advances of knemometry studies: the obser-
vation periods may be very short (weeks); controlled,
randomized, double-blind conditions can be applied; and
cross-over trials can be performed [14]. Direct effects
of exogeneous glucocorticosteroids on growth can be
assessed, and detailed insight into the biology of the
growth process may be provided [14, 15]. The outcome
measure in short-term growth studies is lower leg growth
rate. Short-term lower leg growth rates cannot be extra-
polated to intermediate- or long term height growth rates
[16, 17]. This is probably due to influences from the
soft tissue componenent in the lower leg length mea-
surements and to seasonal and spontaneous variations in
growth of the lower leg [15, 16, 18, 19].

Asthma and growth

As in other chronic childhood diseases, impairment of
growth may be seen in asthmatic children [20]. This has
been suggested to be due to different factors: hormonal
[21]; nutritional [21-23]; psychological and socioecono-
mic factors [21, 24]; hypoxaemia [21, 23]; pulmonary
infections [25]; and treatment with systemic glucocor-
ticosteroids [26]. Only the latter has been established as
a significant risk factor. The growth suppressive effect
of oral glucocorticosteroids is correlated to duration of
treatment, dosage and regimen [26-34]. When a twice
daily administration regimen is used, daily doses from
approximately 2.5-5 mg prednisolone suppress interme-
diate-term statural growth in children with asthma [35—
37]. When the treatment is withdrawn, catch-up growth
may occur compensating for the retardation [28]. Age
and pubertal stage at withdrawal of the glucocorticos-
teroid appear to be important for the final outcome of
growth. The risk of permanent stunting can be reduced
when the treatment is withdrawn before the pubertal
growth spurt occurs [38]. Reduction of final height has been
seen after several years of treatment with low daily doses
of prednisolone [37].

Though many studies have aimed to evaluate to what
extent asthma severity may be associated with growth
retardation, there are no data available to prove any causal
relationship [23-25, 34, 39—44]. On the contrary, growth
impairment has been observed in asthmatic children not
on glucocorticosteroids regardless of the severity of their
disease [40—42]. Since similar observations have been

made in children with allergic rhinitis [41] and atopic
dermatitis [45, 46] it has been suggested that the retar-
dation of growth may represent a physiological pattern
associated with the atopic condition per se [41, 45].

Growth delay is most frequent in preadolescent chil-
dren [24, 39, 40, 42], and a large proportion of boys are
delayed in puberty [25, 39, 40, 47]. This explains the
deceleration of growth velocity in late maturing children
with asthma [39, 40]. The deviant growth pattern is
associated with retarded bone age corresponding to the
retardation in statural height, indicating the existence of
a relative growth potential [39]. In accordance with this,
the children continue to grow for a longer period as com-
pared with their peers. It seems that in most of them
final height within the normal range is obtained [24, 25,
39, 40, 44, 48].

Considering the many variables that may influence
growth in children with asthma, it seems obvious that a
meaningful assessment of the relationship between treat-
ment with inhaled glucocorticosteroids and growth depends
on carefully selected control or comparative groups.

Inhaled glucocorticosteroids and growth

Long-term growth

One long-term follow-up study reported final height
to be within the expected range in children treated with
beclomethasone dipropionate (table 1) [40]. However, no
specific data were given on predicted height estimated from
parental height.

Intermediate-term growth

Details and results of various intermediate-term growth
studies in children treated with inhaled glucocorticos-
teroids are presented in the table 1. Most of the follow-
up studies have been in children with severe asthma [40,
44, 49-56] and have not included control groups. In the
studies that have used control groups, the prepubertal
growth deceleration may have complicated the interpre-
tation of the results. This is illustrated by the study
reported by LiTTLEWOoOD et al. [57], in which the deviant
growth pattern probably reflected the physiological growth
deceleration in the beclomethasone-treated children rather
than growth suppressive effects of the inhaled treatment.
In the study by NassiF et al. [56], intermediate growth in
groups of children treated with inhaled beclomethasone
dipropionate and alternate-day prednisolone was com-
pared with non-glucocorticosteroid-treated asthmatics and
normal children. A preponderance of low growth rates
was seen in the groups treated with glucocorticosteroids.
However, the study design did not allow any evaluation
of whether that was caused by the treatment or the more
severe disease activity in the glucocorticosteroid-treated
groups.

In the studies of beclomethasone dipropionate, the dose
often varied and, in one study [51], the treatment was
withdrawn for some months during the observation peri-
od. Some of the children in the studies had received
oral glucocorticosteroids until the inhaled therapy was
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introduced [50-54], and continued to do so intermittently
[50, 53]. In the study by TINKELMAN et al. [58], the
beclomethasone dipropionate-treated children were com-
pared with theophylline-treated children, who grew some-
what faster than expected during the study period. One
of the budesonide studies included children who had been
treated with inhaled beclomethasone dipropionate until
budesonide was introduced [59]. Another study of budes-
onide included children who had received oral gluco-
corticosteroids shortly before entry into the study [49].
Intermittent treatment with oral glucocorticosteroids was
allowed in several of the budesonide studies [49, 59, 60].
In the study of triamcinolone acetonide, a majority of
patients were on oral glucocorticosteroids when the inhaled
therapy was introduced [61].

Short-term growth

In a randomized, single-blind, cross-over study of 14
children aged 1-3 yrs with mild, recurrent wheezing, a
handheld knemometer was used for assessment of lower
leg growth rates during treatment with 200 and 800 pg
budesonide inhaled via a spacer with a face mask [67].
Treatment with 800 pg budesonide was associated with
reduced growth rate, whereas treatment with 200 pg was
not. The results should be interpreted with some reser-
vation, since a wash-out period was not interposed between
the two 4 week budesonide treatment periods.

Two randomized, double-blind knemometry studies
have evaluated the influence of inhaled budesonide deliv-
ered from the Nebuhaler® in prepubertal 614 year olds
with mild asthma [68, 69]. In the cross-over study, 14
children were measured twice weekly during periods of
2.5 weeks [68]. In the parallel group study, 38 children
were measured once a week during 4 weeks run-in and
8 weeks treatment [69]. In both studies, daily doses of
200-400 pg were found to have no adverse effect on
growth. Furthermore, data from these studies were pooled
with data from two other knemometry studies [70].
Analysis of growth rates in 61 children failed to show
any growth suppression by budesonide in doses up to
400 pg [70]. In contrast, 800 ng budesonide statistically
significantly reduced lower leg growth rates to approx-
imately 50% of the run-in values [68, 69].

Beclomethasone dipropionate and fluticasone propio-
nate from a Diskhaler were compared in a randomized,
double-blind, three period, cross-over knemometry trial
in 17 prepubertal 7-14 year olds with mild asthma [71].
Knemometry was performed twice weekly during peri-
ods of 2 weeks. Beclomethasone dipropionate, 400 and
800 pg, caused almost total suppression of lower leg
growth rates during 2 week observation periods.

Discussion

A conspicuous paucity of data on the final outcome
of growth, adult height, exists in children treated with
inhaled glucocorticosteroids. Most of the intermediate-
term studies available have been in schoolchildren. How-
ever, since the regulation of growth varies from infancy
to puberty, conclusions from these studies may not be
valid for other age groups. Therefore, extrapolations of

growth results from one age group to another should be
avoided, and effects of exogeneous glucocorticosteroids
on growth rates should be assessed separately in all three
age groups.

Interpretation of the results of the intermediate-term
growth studies is complicated by the difficulties in estab-
lishing randomized, controlled, double-blind study con-
ditions. Influences from differences between various
inhaled drugs, dosages, administration regimens, change
of delivery systems during the observation period, inter-
mittent use of other antiasthma medications, fluctuations
in disease severity and compliance are difficult to con-
trol in follow-up studies of several years duration. On
the other hand, it may be argued that such conditions are
more similar to the clinical situation than are the strictly
controlled conditions applied in short-term growth studies.
However, though reservation is necessary when trying to
evaluate growth effects of inhaled glucocorticosteroids
in children from the intermediate-term studies available,
the bulk of evidence suggests that height growth rate is
not affected by inhaled glucocorticosteroids when low
doses are used.

The results of the short-term growth studies have empha-
sized the importance of being specific with respect to
doses, glucocorticosteroids and inhaler systems used.
Intermediate- and short-term evaluations of budesonide
taken from the Nebuhaler unanimously indicate that doses
up to 400 pg-day! do not adversely affect growth rates
in prepubertal children. The cause for the discrepancy
between these findings and the findings in the short-term
study of beclomethasone dipropionate administered from
the Diskhaler seems to be differences in systemic activ-
ity between the two drugs. Such differences have been
reported in studies using other measures of systemic acti-
vity of inhaled glucocorticosteroids [72, 73]. However,
to some extent, it may also be due to the use of different
inhalers. Administration of a glucocorticosteroid from a
spacer device causes less systemic activity than a Disk-
haler or a metered-dose inhaler [74]. Thus, no conclu-
sions can be made from one specific glucocorticosteroid
to others administered from different delivery systems,
whether in similar or different doses. Finally, short-term
growth studies of insufflated glucocorticosteroids have
suggested that the dose regimen also influences the risk
of growth suppressive effects of topical glucocorticos-
teroids [75, 76]. Once daily dosing appears to be asso-
ciated with a lower leg growth sparing effect as compared
to twice daily dosing.

Intermediate- or long-term growth effects cannot be esti-
mated from the short-term findings of supressed growth
rates during treatment with 800 pg budesonide from the
Nebuhaler and 400 and 800 pg beclomethasone dipropio-
nate from the Diskhaler. The finding of suppressive
effects on short-term growth of a similar magnitude dur-
ing beclomethasone dipropionate treatment and during
treatment with 2.5 mg prednisolone in comparable study
designs [14, 71] indicates that short-term knemometry
may amplify and, so to speak, exaggerate the growth
retarding effect of exogeneous glucocorticosteroids. This
is probably due to soft tissue effects, as indicated from
concomitant observations of catabolic effects on colla-
gen turnover [77, 78]. On the other hand, findings of no
adverse effects of inhaled glucocorticosteroids on kne-
mometric growth rates have been confirmatory to results
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from intermediate-term studies of height growth rates.
Therefore, if an inhaled glucocorticosteroid is not asso-
ciated with any detectable suppressive effect on short-
term knemometric growth rates, it appears to be most
unlikely that such treatment will cause any detectable
suppressive effect on height growth rates in the inter-
mediate-term perspective.

Conclusions

No firm conclusions can be drawn with respect to the
important outcome of childhood growth, adult height, in
children treated with inhaled glucocorticosteroids. How-
ever, adverse effects on final height from treatment regi-
mens that have been found not to be associated with any
suppressive effects in the short- and intermediate-term
perspectives seem unlikely. Evaluation of final height
in children in whom inhaled glucocorticosteroids are
introduced and continued during one or all three phases
of growth are needed.

Though the results of the intermediate-term growth
studies available are generally reassuring with respect to
height growth rates, these data should be interpreted with
caution, since most of the studies have used uncontrolled
designs. Suitable controlled conditions are difficult to
establish.

Inhaled budesonide from the Nebuhaler in doses up to
400 pg-day! does not adversely affect short- or inter-
mediate-term growth rates in prepubertal children. The
finding of reduced short-term lower leg growth rates dur-
ing treatment with 800 pg budesonide from the Nebuhaler
does not imply a similar effect on intermediate-term
growth in height.

Treatment with inhaled beclomethasone dipropionate,
400 and 800 pg, from the Diskhaler suppresses short-
term lower leg growth rates, but no firm conclusions can
be drawn with respect to intermediate- or long-term
growth effects.

When new topical glucocorticosteroids, administration
forms, application systems or dose regimens are introduced
in the management of children with asthma, short-term
knemometry can be used for assessment of the dose level
at which growth suppressive effects should be looked for.
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