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Asthma FAQ’s

Question 2: What are the effects of inhaled corticosteroids on growth in children?
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Educational aims
To describe the mechanism of inhibitory effects of inhaled corticosteroids on growth

To review evidence from randomized trials and “real life” observational studies regarding
medium and long-term effects of inhaled corticosteroids on growth in children with asthma

To summarize the effects of uncontrolled asthma on growth

SUMMARY

This review summarizes the current evidence regarding the effects of inhaled corticosteroids
(ICS) on growth in children with asthma. The evidence from randomized trials showed a
mean reduction of -0.48 cm/year (95% CI -0.65 to -0.30) in linear growth velocity and of -
0.61 cm (95% CI -0.83 to -0.38) in height during a one-year treatment with 1CS. Some first-
generation drugs had a slightly larger suppressive effect on growth than newer drugs, with a
mean reduction in linear growth velocity of -0.91, -0.59, -0.08 and -0.39 cm/year for
beclomethasone, budesonide, ciclesonide and fluticasone, respectively. There was evidence of
a dose-response relationship, with medium doses (HFA-beclomethasone or equivalent, 100 to
200 pg/day) producing a greater reduction than low doses (50 to 100 pg/day,) in height, but
not in linear growth velocity. ICS-induced growth suppression was less pronounced during
subsequent years of treatment.

Most “real life” observational studies did not show significant suppressive effects of ICS on
long-term growth or adult height, and some studies found an initial growth reduction related
to ICS which did not persist in subsequent years. It remains unclear to what extent long-term
ICS use in childhood has an effect on final adult height. 11t appears that the deleterious effects
of ICS on adult height, if any, are small (max 1.2 cm).

In conclusion, use of ICS in prepubertal children with asthma is associated with a small but
dose-dependent depression in growth in the first year of treatment, but no clinically relevant

effect on adult height.
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1. Introduction

Inhaled corticosteroids (ICS) are the cornerstone of asthma management in children.
However, because of the well-known deleterious effects of systemic corticosteroid
formulations, numerous studies have assessed the risk of ICS systemic side effects since their
introduction in the 1970s. The main concern about systemic side effects relates to linear
growth and growth velocity among infants and pre-pubertal children. Novel ICS have been
developed with the aim of reducing systemic availability, and [improving topical activity.
However, each ICS carries a risk of systemic side effects.

2. Mechanism of ICS inhibitory effect on growth

Factors such as bioavailability, receptor-binding affinity, lipid conjugation, protein
binding, and clearance from systemic circulation contribute to systemic adverse effects [1].
The systemic effects are related to the glucocorticoid activity of the molecule, the total
amount absorbed and the rate of corticosteroid clearance from the body. Systemic
bioavailability is the sum of the amount of drug that becomes available systemically after lung
absorption and after gastrointestinal absorption [2]. In other words, ICS can only reduce
growth after they become available systemically. Systemic side effects of ICS are determined
by absorption from the lung and the gut [3].

The amount of ICS reaching the systemic circulation is the sum of the bioavailable
pulmonary and oral fractions. The fraction deposited in the mouth will be swallowed and the
systemic availability will be determined by absorption from the gastrointestinal tract and
degree of first pass metabolism. The fraction deposited in the airways will be almost
completely absorbed into the systemic circulation, as there is no evidence of metabolic
inactivation of any ICS currently available in airway tissue. The systemic concentration will

be reduced by continuous recirculation and inactivation of the drug by the liver [2].



3. Stadiometry and knemometry

Short-term effects of ICS on growth are assessed via knemometry by measuring linear
growth of the lower leg within weeks. Several randomized, placebo-controlled, double blind,
crossover, knemometry studies have shown dose-dependent growth suppressive effects
(roughly, 0.1 mm/week) of ICS [4-7]. However, short-term lower-leg growth rate correlates
poorly with statural growth and tends to overestimate potential effects of ICS on medium-
term statural growth [2]. Despite these limitations, knemometry is probably superior in
assessing the systemic activity of ICS compared to other non-invasive tests such as 24-hour

urine free cortisol excretion [8].

4. Medium-and long-term effects of inhaled corticosteroids on growth

4.1. Evidence from randomized trials

A large number of randomized trials have assessed the effects of ICS on growth in
children with asthma. The trials varied in duration, sample size, drug formulation/delivery
device, daily dose, control group, patient’s age, and growth measurement.

Medium and long-term effects of ICS on growth are assessed via stadiometry by
measuring statural height over months to years. A recent Cochrane review identified 25
randomized trials with duration of at least three months that assessed the effects of ICS on
growth in children with mild to moderate persistent asthma [9].

In contrast to the effect on lower leg growth velocity measured by knemometry, which was
observed within a few weeks after treatment, a detectable suppressive effect of ICS on the
patient’s statural height may occur months later. Several 3-month growth studies did not
report an effect of ICS on height [10-14]. Statistically significant suppressive effect of ICS on
both linear growth velocity and change from baseline in height was observed during a six to
eight month treatment period [15-18]. Twenty-one trials provided data on the effects of ICS
on growth over a treatment period ranging from 44 weeks to 4-6 years. Compared to placebo
or nonsteroidal drugs, ICS significantly reduced linear growth velocity (-0.48 cm/year, 95%
Cl -0.65 to -0.30) and the mean increase in height (-0.61 cm, 95% CI -0.83 to -0.38) during a
one-year treatment period (Figure 1 A and B). There was evidence of a dose-response
relationship, with medium doses (HFA-beclomethasone or equivalent, 100 to 200 ng/day,)
producing a statistically significant greater reduction than low doses (HFA-beclomethasone or
equivalent, 50 to 100 pg/day,) in the mean increase in height, but not in linear growth velocity

[9]. There was also evidence of a difference in the effects between six molecules



(beclomethasone, budesonide, ciclesonide, flunisolide, fluticasone and mometasone). Some
first-generation drugs had a slightly larger suppressive effect on growth than newer drugs,
with a mean reduction in linear growth velocity of -0.91, -0.59, -0.08 and -0.39 cm/year for
beclomethasone, budesonide, ciclesonide and fluticasone, respectively [9]. Another Cochrane
review identified three randomized trials that compared the effects of ICS at low (50 to 100
ug) versus low to medium (200 pg) doses of hydrofluoroalkane (HFA)-beclomethasone
equivalent in 728 prepubescent school-aged children with mild to moderate persistent asthma
[19]. A small (0.20 cm/year) but statistically significant difference in linear growth was
observed over 12 months, with a lower growth velocity in the higher ICS dose group.

A limited number of head-to-head trials compared the effects of ICS on growth
between different molecules (beclomethasone vs. fluticasone, budesonide vs. fluticasone, and
budesonide vs. ciclesonide) [4, 20-24]. These trials have confirmed the findings from the
Cochrane review, that first-generation drugs have slightly larger suppressive effect on growth
than newer drugs. However, the implications of ‘these findings for clinical practice remain
uncertain.

Only five RCTs examined the effects of ICS on growth beyond one year. Three had
follow-up of two years [16,25,26], one of three years [27], and one four to six years [28]. ICS-
related reduction in linear growth velocity during the second year of treatment (-0.19 cm/year,
95% CI -0.48 to 0.11) was smaller than that in the first year of treatment (-0.58 cm/year, 95%
CI-0.77 to -0.44). During the third year of treatment, one trial [28] showed no statistically
significant difference in linear growth velocity between ICS and placebo, and another trial
[27] revealed a smaller difference than that observed in the first year of treatment (-0.33 cm,
95% CI -0.52 to -0.14 vs. -0.58 cm, 95% CI -0.76 to -0.40). It remains unclear why ICS-
induced growth suppression is less pronounced during subsequent years of treatment than
during the first year of treatment. Decreased adherence to treatment with ICS over time has
been postulated to contribute to this phenomenon, but a recent observational study [29] did
not confirm this hypothesis. An increased additional use of inhaled and systematic
corticosteroids over time in the control group due to poor asthma control may also attenuate
long-term effects of ICS on growth in the intervention group.

Four trials monitored growth after treatment cessation for periods ranging from two to
12 months. Three trials [13,15,30] failed to find significant catch-up growth two to four
months after treatment with ICS (beclomethasone, ciclesonide or mometasone) was stopped.

One trial [16] showed accelerated linear growth velocity 12 months after cessation of



treatment with fluticasone, but the difference of 0.7 cm in height between the fluticasone and
placebo groups remained at the end of the three-year trial.

The main concern of parents and health care practitioners is whether ICS use in
childhood may have a negative impact on final adult height. An extended follow-up of the
CAMP trial [28] provides information on this issue. Although statural growth was not the
primary outcome of this trial, height was measured regularly and precisely with a stadiometer
during the 4-6 years of the study. Follow-up of the trial participants to the age of 25 (SD 3)
years showed that children treated with budesonide 400 ug/day for a mean duration of 4.3
years during prepubertal age had a mean reduction of 1.20 cm (95% CI -1.90 to -0.50) in adult
height compared to those treated with placebo. The effect size was similar as that observed
after two years of treatment in prepubertal age (-1.3 cm, 95% CI -1.70 to -0.90). These results
from a single valid and well-designed large RCT suggest that the initial decrease in height
associated with ICS use in prepubertal children results ina small reduction in final adult
height which was already present after 1 year of treatment. The effect of ICS on growth
appears to be neither progressive nor cumulative, therefore.

Although RCTs are considered to be the gold standard of studying treatment effects,
concerns have been raised on the external generalizability of RCT results. First, 1CS-induced
suppressive effects on growth are likely to be inflated in most one-year growth trials due to
enrollment of prepubertal children with mild persistent asthma who may be more sensitive to
the growth-suppressive effect of ICS than children with moderate or severe asthma. Second,
long-term trials such as CAMP use fixed dose of ICS, which is not representative of long-
term clinical practice in which ICS dose is being tapered off once asthma control has been
achieved. ~Therefore, results from long-term observational studies in which children with
asthma. on long-term ICS treatment in normal clinical practice provide useful additional

information on the long-term growth effects of ICS in clinical practice.

Insert Figure 1 A. Effects of ICS on linear growth velocity (cm/year) during a one-year
treatment period

Insert Figure 1 B. Effects of ICS on mean increase in height (cm) during a one-year treatment

period



4.2 Evidence from “real life” observational studies
We identified 11 prospective “real life” observational studies [29-31], that assessed the effects
of ICS on growth in children with asthma (Table 1). Two studies [37,39] were population-
based, and the remaining studies were hospital or clinic-based. Most studies [29-32, 34,
35,38,40] did not show significant suppressive effects of ICS on long-term growth or adult
height, and some studies found an initial growth reduction related to ICS which did not persist
in subsequent years [33,36]. Only one study took electronically assessed adherence into
account [29] which is critically important as ICS adherence is usually low. These results
corroborate the findings of randomized trials. However, confounders, lack of data on
adherence to treatment, high withdrawal rate, asthma severity, and poor control are the main
limitations of “real life” observational studies. One prospective observational study [32]
showed that children with asthma who had ‘received long-term treatment with budesonide
attained normal adult height. This study followed the participants of another prospective
controlled study in which 332 (270 budesonide, 62 controls) prepubertal children with asthma
were enrolled. However, caution should be taken in interpreting the findings of this study
because only 48% (142 budesonide, 18 controls) of original enrolled patients were included in

the final analysis of adult height.

Insert Table 1



5. A short case report

A male presented as at 6 months of age with his first episode of wheezing when diagnosed
with bronchiolitis. He was then hospitalized several times due to acute asthma, with
unequivocal responsiveness to inhaled bronchodilators. At the age of two, beclomethasone
(1,000 mcg beclomethasone) was given and due to the asthma severity, during the four
following years received combined therapy (salmeterol + fluticasone, 500 mcg). Apart from
several courses of oral corticosteroid, until six years, he was hospitalized eight times in
intensive care unit, one with mechanical ventilation. It was only, from the age of six, that his
stature was systematically monitored and he started to use formoterol + budesonide (800 mcg)
and, from that moment the adherence rate was systematically assessed through the counter
coupled to the inhaler and was always higher than 80%. In order to obtain better control
between seven and eight years, he used 1,200 budesonide daily. His growth curve (see below,
Figure 2) shows that initially it falls from 0.6 to 0.3 Z-score (probably related to the
cumulated effect of high doses of inhaled and courses of oral corticosteroid) then, the fall is
interrupted and, nowadays, at 11 years, pubertal growth spurt is clearly featured. Finally, it is
worth noting that basal cortisol assessed several times under inhaled corticosteroid and during
some of the oral corticosteroid courses revealed adrenal suppression and bone densitometry

showed no abnormalities.

6. Effects of uncontrolled asthma on growth

As is the case with any chronic disease, asthma itself may reduce growth. Although
this attenuation of growth is highly variable between individual patients, it appears to be
related to the severity of the disease, being most pronounced in chronic, poorly controlled
asthma [3]. Studies on the effects of asthma on growth have shown that the most perceived
growth failure is caused by pubertal delay and that adult height in asthmatic patients is no
different from non-asthmatic patients [41]. Chronically uncontrolled asthma, however, can
affect growth by itself by decreasing the prepubertal spurt, delaying puberty, and slowing
down the catch-up phase of adult final height [42].



7. Final remarks

The effects of ICS therapy on growth over a period of weeks to months are dose dependent.
Thus, even if ICS is used for many years, they are unlikely to cause permanent growth
retardation or reduced adult height in asthmatic children [3].

Although the risk of this suppression of growth is greatest when high doses of ICS are used,
clinically significant growth suppression can occur in any dose of ICS in any patient. This
suggests that reduced growth during ICS therapy is an idiosyncratic event - the result of
increased individual patient sensitivity in particular to the systemic side effects of
corticosteroids [3].

Higher doses should be used with caution in any patient as they only slightly improve efficacy
but substantially increase the risk of side effects (including reduced growth). It is important to
emphasize that the general evidence that argues against a clinically relevant and persistent
retarding effect of ICS growth on childhood asthma does not exclude a clinically relevant
effect of slowing the growth of ICS in an individual case.

Thus, if a patient grows well during the first 6 months of ICS therapy, it appears that the risk
of this subsequent development of this patient's development is small. However, it is
important to continue monitoring growth in all asthmatic children using ICS. Only then can
individual cases of delayed onset of puberty or significant growth retardation be identified. If
the growth chart shows reduced height growth of > 0.25 SD/year, or > 1 SD overall, , further
investigation is required.

The most common cause for suppression of prepubertal growth in asthmatic children using
inhaled corticosteroids is the late onset of puberty; this can be easily diagnosed by physical
examination and when delayed puberty is suspected a determination of bone age [3].

Finally, even in the rare case of truly clinically relevant growth suppression due to inhaled
corticosteroid therapy, the reasons for continuing therapy (well controlled asthma) almost

always outweigh the reasons for withdrawing treatment (slower growth) [3].
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Take home messages

Use of ICS in prepubertal children with asthma is associated with a small but dose-dependent
suppression in growth in the first year of treatment, but the well-established benefits of ICS
may outweigh the potential risk of this small growth reduction in children with persistent
asthma.

It remains unclear to what extent long-term ICS use in childhood has an effect on final adult
height. Awaiting additional long-term prospective “real life” studies, it appears that the
deleterious effects of ICS on adult height, if any, are small (max 1.2 cm).

Clinicians are recommended to use the minimally effective ICS dose in children, and to
monitor growth regularly during treatment.

First-generation drugs may have larger suppressive effect on growth than newer drugs, but the
clinical implications of these findings remain uncertain. Selection of ICS should be based on
the efficacy, overall safety profile, cost, ease of use, and availability.

Future research directions

More real life studies (it’s unethical having a group without ICS, the first line medicine for
asthma), ideally with data analysis on adherence, different molecules, blind and independent

assessment of height, daily dose, treatment duration.

Studies protocol and/or statistical analysis shouldn’t look not only for the prescribed dose of

ICS but also on the role of asthma severity/symptom control.

Special attention should be given on studies assessing growth among patients suffering from

severe asthma whose generally use highest doses of ICS.

Funding: This research did not receive any specific grant from funding agencies in the

public, commercial, or not-for-profit sectors.

Conflict of interest statement: none to declare.

10




11

References

[1] Bartholow AK, Deshaies DM, Skoner JM, Skoner DP. A critical review of the effects of
inhaled corticosteroids on growth. Allergy Asthma Proc 2013;34:391-407. doi:
10.2500/aap.2013.34.3689.

[2] Pedersen S. Do inhaled corticosteroids inhibit growth in children? Am J Respir Crit Care
Med. 2001;164:521-535.

[3] Brand, PLP. Inhaled corticosteroids reduce growth. Or do they? Eur Respir J 2001;
17:287-294.

[4] Agertoft L, Pedersen S. Short term lower leg growth in children during treatment with
fluticasone propionate and budesonide: a dose response study. Eur Respir J 1997;10:1507—
1512.

[5] Bisgaard H. Systemic activity from inhaled topical steroid in toddlers studied by
knemometry. Acta Paediatr 1993;82:1066-1071.

[6] Wolthers O, Pedersen S. Growth of asthmatic children during treatment with budesonide:
a double blind trial. BMJ 1991;303:163-165.

[7] Wolthers O, Pedersen S. Short<term growth during treatment with inhaled fluticasone
propionate and beclomethasone dipropionate. Arch Dis Child 1993;68:673-676.

[8] Chawes B, Nilsson E, Ngrgaard S, Dossing A, Mortensen L, Bisgaard H. Knemometry is
more sensitive to systemic effects of inhaled corticosteroids in children with asthma than 24-
hour urine cortisol excretion. J Allergy Clin  Immunol 2017;140:431-436.
doi:10.1016/j.jaci.2016.09.041.

[9] Zhang L, Prietsch SOM, Ducharme FM. Inhaled corticosteroids in children with persistent
asthma: effects on growth. Cochrane Database of Systematic Reviews 2014, Jul
17;(7):CD009471. doi: 10.1002/14651858.CD009471.pub2.

[10] Bensch GW, Greos LS, Gawchik S, Kpamegan E, Newman KB. Linear growth and bone
maturation are unaffected by 1 year of therapy with inhaled flunisolide hydrofluoroalkane in
prepubescent children with mild persistent asthma: a randomized, double-blind, placebo-
controlled trial.  Ann  Allergy  Asthma  Immunol  2011;107:323-329.  doi:
10.1016/j.anai.2011.07.017.

[11] Bisgaard H, Allen D, Milanowski J, Kalev I, Willits L, Davies P. Twelve-month safety
and efficacy of Inhaled fluticasone propionate in children aged 1 to 3 years with recurrent
wheezing. Pediatrics 2004;113:e87.

11



12

[12] Pedersen S, Potter P, Dachev S, Bosheva M, Kaczmarek J, Springer E, Dunkel J,
Engelstatter R. Efficacy and safety of three ciclesonide doses vs placebo in children with
asthma: the RAINBOW study. Respir Med 2010;104:1618-1628.
10.1016/j.rmed.2010.06.012.

[13] Skoner DP, Maspero J, Banerji D, Ciclesonide Pediatric Growth Study Group.
Assessment of the long-term safety of inhaled ciclesonide on growth in children with asthma.
Pediatrics 2008;121:e1-14.

[14] Wasserman RL, Baker JW, Kim KT, Blake KV, Scott CA, Wu W, Faris MA, Crim C.
Efficacy and safety of inhaled fluticasone propionate chlorofluorocarbon in 2- to 4-year-old
patients with asthma: results of a double-blind, placebo-controlled study. Ann Allergy
Asthma Immunol 2006;96:808-818.

[15] Doull 1J, Freezer NJ, Holgate ST. Growth of prepubertal children with mild asthma
treated with inhaled beclomethasone dipropionate. Am J Respir Crit Care Med
1995;151:1715-1719.

[16] Guilbert TW, Morgan WJ, Zeiger RS, Mauger DT, Boehmer SJ, Szefler SJ, Bacharier
LB, Lemanske RF Jr, Strunk RC, Allen DB, Bloomberg GR, Heldt G, Krawiec M, Larsen G,
Liu AH, Chinchilli VM, Sorkmess CA, Taussig LM, Martinez FD. Long-term inhaled
corticosteroids in preschool children at high risk for asthma. N Engl J Med 2006;354:1985—
1997.

[17] Gradman J, Wolthers OD. A randomized trial of lower leg and height growth in children
with asthma treated with inhaled budesonide from a new dry powder inhaler. Pediatr Allergy
Immunol 2010;2:e206-12. doi: 10.1111/j.1399-3038.2009.00875.x.

[18] Storr-J, Lenney CA, Lenney W. Nebulised beclomethasone dipropionate in preschool
asthma. Arch'Dis Childhood 1986;61:270-273.

[19] Pruteanu Al, Chauhan BF, Zhang L, Prietsch SOM, Ducharme FM. Inhaled
corticosteroids in children with persistent asthma: dose-response effects on growth. Cochrane
Database Syst Rev 2014;7:CD009878. doi: 10.1002/14651858.CD009878.pub2.

[20] de Benedictis FM, Teper A, Green RJ, Boner AL, Williams L, Medley H. Internationa
Study Group. Effects of 2 inhaled corticosteroids on growth: Results of a randomized
controlled trial. Arch Pediatr Adolesc Med 2001;155:1248 —1254.

[21] Ferguson AC, Spier S, Manjra A, Versteegh FG, Mark S, Zhang P. Efficacy and safety of
high-dose inhaled steroids in children with asthma: A comparison of fluticasone propionate
with budesonide. J Pediatr 1999;134:422-427.

12



13

[22] Ferguson AC, Van Bever HP, Teper AM, Lasytsya O, Goldfrad CH, Whitehead PJ. A
comparison of the relative growth velocities with budesonide and fluticasone propionate in
children with asthma. Respir Med 2007;101:118-129.

[23] Fitzgerald D, Van Asperen P, Mellis C, Honner M, Smith L, Ambler G. Fluticasone
propionate 750 micrograms/day versus beclomethasone dipropionate 1500 micrograms/day:
Comparison of efficacy and adrenal function in paediatric asthma. Thorax 1998;53:656-661.
[24] Rao R, Gregson RK, Jones AC, Miles EA, Campbell MJ, Warner JO. Systemic effects of
inhaled corticosteroids on growth and bone turnover in childhood asthma: a comparison of
fluticasone with beclomethasone. Eur Respir J 1999;13:87-94.

[25] Jonasson G, Carlsen KH, Jonasson C, Mowinckel P. Low dose inhaled budesonide once
or twice daily for 27 months in children with mild asthma. Allergy 2000;55:740-748.

[26] Roux C, Kolta S, Desfougéres JL, Minini P, Bidat E. Long term safety of fluticasone
propionate and nedocromil sodium on bone in children with asthma. Pediatrics
2003;111:e706-13.

[27] Pauwels RA, Pedersen S, Busse WW, Tan WC, Chen YZ, Ohlsson SV, Ullman A,
Lamm CJ, O'Byrne PM; START Investigators Group. Early intervention with budesonide in
mild persistent asthma: a randomised, double-blind trial. Lancet 2003;361:1071-1076.

[28] Childhood Asthma Management Program Research Group, Szefler S, Weiss S, Tonascia
J, Adkinson NF, Bender B, Cherniack R, Donithan M, Kelly HW, Reisman J, Shapiro GG,
Sternberg AL, Strunk R, Taggart V, Van Natta M, Wise R, Wu M, Zeiger R. Long-term
effects of budesonide or nedocromil in children with asthma. N Engl J Med 2000;343:1054-
1063.

[29] Wardenier NR, Klok T, de Groot EP, Brand PL. Height growth in children with asthma
treated with guideline-recommended dosages of fluticasone and electronically assessed
adherence. Arch Dis Child 2016;101:637-639. doi: 10.1136/archdischild-2015-309654.

[30] Skoner DP, Meltzer EO, Milgrom H, Stryszak P, Teper A, Staudinger H. Effects of
inhaled mometasone furoate on growth velocity and adrenal function: a placebo-controlled
trial in children 4-9 years old with mild persistent asthma. Journal of Asthma 2011;48:848—
859. doi: 10.3109/02770903.2011.604883.

[31] Agertoft L, Pedersen S. Effects of long-term treatment with an inhaled corticosteroid on
growth and pulmonary function in asthmatic children. Respir Med 1994;88:373-381.

[32] Agertoft L, Pedersen S. Effect of long-term treatment with inhaled budesonide on adult
height in children with asthma. N Engl J Med 2000;343:1064-1069.

13



14

[33] Anthracopoulos MB, Papadimitriou A, Panagiotakos DB, Syridou G, Giannakopoulou E,
Fretzayas A, Nicolaidou P, Priftis KN. Growth deceleration of children on inhaled
corticosteroids is compensated for after the first 12 months of treatment. Pediatr Pulmonol
2007;42:465-470.

[34] Arend EE, Fischer GB, Debiasi M, Schmid H. Inhaled corticosteroid treatment and
growth of asthmatic children seen at outpatient clinics. J Pediatr (Rio J) 2006;82:197-203.
doi: 10.2223/JPED.1486.

[35] Camargos PA, Lasmar LM. Effects of beclomethasone and factors related to asthma on
the growth of prepubertal children. Respir Med 2010;104:951-956. doi:
10.1016/j.rmed.2010.02.002.

[36] Lasmar L, Brand PL, Lima AC, Maciel MF, Camargos P. Growth velocity in prepubertal
children using both inhaled and intranasal corticosteroids. Ann Allergy Asthma Immunol
2016;116:368-370. doi: 10.1016/j.anai.2016.01.011.

[37] McCowan C, Neville RG, Thomas GE, Crombie IK, Clark RA, Ricketts IW, Cairns AY,
Warner FC, Greene SA, White E. Effect of asthma and its treatment on growth: four year
follow up of cohort of children from general practices in Tayside, Scotland. BMJ
1998;316:668-672.

[38] Ninan TK, Russell G. Asthma, inhaled corticosteroid treatment, and growth. Arch Dis
Child 1992;67:703-705.

[39] Protudjer JLP, Lundholm C, Bergstrom A, Kull I, Almqgvist C. The influence of
childhood asthma on puberty and height in Swedish adolescents. Pediatr Allergy Immunol
2015;26:474-481.doi: 10.1111/pai.12398.

[40] Volovitz B, Amir J, Malik H, Kauscghansky A, Varsano I. Growth and pituitary adrenal
function in children with severe asthma treated with inhaled budesonide. N Engl J Med
1993;329:1703-1708.

[41] Doull 1IJM. The effect of asthma and its treatment on growth. Arch Dis Child
2004;89:60-63. doi: 10.1136/adc.2003.014365.

[42] Lipworth BJ. Systemic adverse effects of inhaled corticosteroid therapy: A systematic
review and meta-analysis. Arch Intern Med 1999;159:941-955.

14



15

Mean Difference Mean Difference
Stucky or Subgrowpy  Mean Difference SE Weight IV, Random, $5% CI 1V, Random, $5% CI
1.4.1 Beclomethasone CRC-WVID 400 pw/d
Becker 2006 078 0158 9.6% -073[4.09 047 —_
Gillman 2002 16 0738 1.353% -1B0[-3.05 013]
Tinkelman 1993 1.3 0434 28% 1350219, 041] E—
Subtotal {95% CI) 13.8%  -0.91 [-1.26, -0.55] -
Heterogeneity: Taw =002, Chi*=220,df=2(P =0.33); 1°=9%
Test for overall effect: £=4.93(F = 0.00001)
1.4.2 Buklesonide DP 00400 pgid
CAMP 2000 063 0128 107%  -0B3[40.83, 0.35] -
Jonsszon 2000 051 0F3 0 58% 0.51 [-1.85,0.03] —
PaLrnels 2003 058 00 121% -05B[L076,D.40] -
Subtotal {95% C1) 28.T%  -0.59 [0.73,-0.45] [
Heterogeneity: Tau? = 000, Chi*=0.20, df = 2 (P = 0.91); F=0%
Test for overall eflect: £ =8.25(P = 0.00001)
1.4.3 Ciclesonide HF A-VIM 50-200 pg/d
Skaner 2005 008 0087 11.8% .05 027 011] =
Subtotal (95% CI) 11.9% .08 027, 0.11] *
Heterogeneity: Mot applicakie
Test for overall efiect Z=0582(P =0.41)
1.4.4F lmisolice HFALD 200 poid
Benszch 2011 018 0AH¥T 0 TA% 045 [0E1,0.25] -1
Gilltnan 2002 07 0724 13% AO70[212,072] —_— 1
Subtotal {95% CI) 8.3% .22 [0.63, 0.18] -
Heterogeneity: Tau? =000, Chi*=047 di=1 (P =049, *=0%
Test for overall efiect: £ =1.07 (P = 0.28)
1.4.5 Fluticasone 100-200 pgid
Alen 1995 03 025 BA% 0531 [0.77,045] I
Bizgasrd 2004 0 033 57% 0.00[-0.53, 053] T
Guilbert 2006 069 02XF  T.A%  -069[4.40,0.28] -
Price 15997 05 0A9 55% -0.50 [-1.85,0.05] —
Fowx 2003 02 036 42% 0.20 [0.80,050] .
Subtotal {95% C1) 30.4% 039 [0.63,-0.15] *»
Heterogeneity: Tau?=001; Chi*=4.55 f = 4 (P = 0.34); 7= 12%
Test for overall effect; £=3.13(F =0.002
1.4.6 Mometasone DPH00-200 pg'd
Skaoner 2011 -047 02551 B 4% 047 [097 003] —
Subtotal (95% CI) 6.4% .47 [-0.597, 0.03] i
Heterogeneity: Mot applicakle
Test for overall efiect: Z=1.54 (P =0.07)
Total {25% CI) 100.0%: 048 [0.65, -0.30] &

1 |

Heterogeneity: Tau® = 003, Chi*=35.33 df =14 (P = 00017, [7 = B0% 2 ; 3 1 5
Test for overall effect: £=545(FP =0.00001) Fawours controls Fawours 105
Test for aubogroup differences Chi® = 2602, df=5(P = 000017, |2= 50.3%

Squares represent point estimates and horizontal lines represent 95% Cls of the weighted mean difference between ICS and
control. Diamonds represent pooled estimates.
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1CS
Study or Sulypoup  Mean

S0 Total Mean

Controls
SO Total Weight

Mean Difference
W, Ramlom, 354 Cl

Mean Difference
1V, Random, $5% CI

1.5.1 B eclomethasone 200300 pgid

Becker 2006 a0y 113 108
Gillman 2002 21 14 26
Matinez 2011 36 166 T2
Sitmons 1897 386 257 67
Tinkelman 1933 44 266 T
Werherne 1997 47 204 33
Subtotal (95% Cl) 385

289 115 1083 989%
62 23 13 21%
47 1686 4 T2%

S04 287 85 3.5%

6 285 63 4.0%
61 22 32 35%
3500 30.2%

Heterageneity: Tau®= 0.00; Ch*= 354, df = 5(P = 0,60 17 = 0%

Test for overall efiect: £ = 5.05 (P < 0.00001)

1.5.2 Budlesonide 200 pg'd
Gracnan 2010 551 135 25

Turpeinen 2003 56 1.1 52
Subtotal (35 Cl) 71

631 13 27 53%
62 1.4 46 TA%
T3 13.2%

Heterageneity: Tau®= 0.00; Ch*= 0.79, df = 1 (P = 0,37 I*= 0%

Test for overall efiect: £ = 3.50(P = 0.00035)

1.5.3 Ciclesonide 50-200 pgid

Skoner 2008 362 113 408
Subtotal (25 CI) 403

Heterogensity: Mot applicable
Test for overall efiect Z=123(P =0.22)

1.5.4Fhmnisclide 400 pgid

Bensch 2011 G614 212 76
Gillman 2002 B2 28 71
Subtotal (25 CI) 147

274 113 21 1%
20 1A%

B3 1.5 g3 TI%

62 23 13 21%
98 2%

Heterageneity: Tau®= 0.00; Chi*= 005, df =1 (P = 0.8} 1*= 0%

Test for overall efect: Z =057 (P =057

1.5.5 Fluticasone 100-200 po/d

Allen 1998 583 127 153
Bizgsard 2004 82 32 466
Guilbert 2006 647 185 143
Froux 2003 601 258 av
Sarkness 2007 23 18 96
Subtotal (95% Cl) 945

615 1599 a7 8%
854 28 152 TO0%

T2 18 142 84%
E12 22 a7 55%

a7 2 9 TI%
533 36.3%

Heterageneity: Tau®= 0.00; Ch®= 298, df = 4(P = 0.56] 17 = 0%

Test for overall efiect: £ = 3.69(P = 0.0002)

Total {95% Cl) 1962

1255 100.0°0%

Heterageneity: Tau®= 0.11; Ch®= 40.93, df= 15 (P = 0.0003), F = 63%

Test for overall efiect: £ =522 (P = 0.000071)

Test for suboroup differences: Chi® = 3347 df=4 (P = 0000012, 1= 1%

Squares represent point estimates and horizontal lines represent 95% Cls of the weighted mean difference between

control. Diamonds represent pooled estimates.

0.82[413, 0.51]

1.10[-2.55,0.35]
1.10[1 B4, 0.56]
.08 [2.10, 0.08]
460 [2.53, 067
1.40[2.42, 0.38]
0,98 [1.22,-0.74]

.00 74, 0.26]
0604 .08, 012]
.72 [1.12,-0.39]

012[-0.3,007]
042 [40.31, 0.07]

0A7[-0.72,038]
0.00[1.42,1.42]
015 [4.66, 0.36]

032[-0.78,0.14]
0.34[-0.89,0.21]
073 [ 16, 0.30]
011 [-0.83,051]

-040[-0.84,0.14]
0,43 [-0.66,-0.20]

.61 [-0.83,-0.38]
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FIGURE LEGENDS

Figure 1 A. Effects of ICS on linear growth velocity (cm/year) during a one-year

treatment period

Squares represent point estimates and horizontal lines represent 95% Cls of the weighted

mean difference between ICS and control. Diamonds represent pooled estimates.

Figure 1 B. Effects of ICS on mean increase in height (cm) during a one-year treatment

period

Squares represent point estimates and horizontal lines represent 95% Cls of the weighted

mean difference between ICS and control. Diamonds represent pooled estimates.

Figure 2. Growth curve of the reported case

Table 1. Characteristics and main findings of prospective “real life” observational

studies

18



Insert Table 1. Characteristics and main findings of prospective “real life” observational studies

Study Participants ICS and dose Statural growth assessment  Main findings

Agertoft 1994  Children (3-11 yr) Budesonide at mean daily dose Height was measured by Compared with run-in (1-2 yr corticosteroid-free
with mild and decreasing from 710 to 430 ug the same two nurses at 6 period) and with the control group, budesonide did
moderate asthma according to guidelines for 3to 6 months interval during not cause any statistically significant changes in
(216 ICS, 61 no ICS)  years study period growth rate.

Agertoft 2000  Participants of Budesonide at a mean (range) Height was measured by The mean differences between measured and target

Anthracopoulos
2007

Arend 2006

Agertoft 1994 study
(142 ICS, 18 no ICS)

and 51  healthy
siblings

Prepubertal children
with mild to
moderate asthma

(322 budesonide, 319
fluticasone)

124 children (3-16
yr) with persistent
asthma taking ICS
(62 beclomethasone,
43 budesonide, 9

daily dose of 412 (110 to 877) ug
for a mean of 9.2-year treatment
(3 to 13 years)

The median initial daily dose
was 400 ug for budesonide and
200 pg for fluticasone; the
median maintenance daily dose
was 200 ug for budesonide and
100 pg for fluticasone, for at
least 6 months

Mean (SD) daily beclomethasone
equivalent dose was 594
(264) ug for ICS plus INC, and
494 (314) pg for ICS alone, for
at least one year

the same three nurses at 6
months interval until
attainment of adult height

Height was measured
according to standardized
techniques at 6, 12, 24, and
36 months of treatment,
and 6 months after
cessation of treatment

Height was measured by
the same three
investigators at one to three
months interval during one
year

adult heights were +0.3 cm (95% CI -0.6 to +1.2) for
the budesonide group, -0.2 cm (95% CI -2.4 to +2.1)
for asthmatic controls, and +0.9 cm (95 % CI -0.4 to
+2.2) for healthy controls. The adult height
depended significantly on the child’s height before
budesonide treatment.

During the first 6 to 12 months, a decrease in height
SD score of approximately 18% below baseline
values was noted that was restored to almost
baseline average levels by 24 months, and slightly
increased to above baseline during the third year. No
differences were found between budesonide and
fluticasone regarding height SD score and height
velocity SD score at any time point.

Compared to NCHS growth curves, there was no
significant reduction in the height of children and
adolescents with asthma taking ICS for more than
one year at doses recommended by guidelines.




Camargos 2010

Lasmar 2016

fluticasone)

82 prepubertal
steroid-naive
children with

moderate to severe
persistent asthma

80 prepubertal
children (3 to 9.5 yr)
with asthma taking
daily ICS

Beclomethasone at a mean
(range) daily dose of 351.8 (137
to 1140) pg for a mean of 5.2-
year treatment (2.3 to 6.1 years)

Beclomethasone at 3 daily doses:
< 500 pg, 500-750 pg, and > 750
pg for a mean (SD) of 3.50
(1.39) years. 24% (19/80) of
patients were exposed to both
ICS and INC

Height was measured by
the same pediatric
pulmonologist according to
standardized technique at 3
months interval

measured
according standardized
technique at 3 months
interval for at least 2 years

Height  was

Height for age Z score was not affected by either
duration of treatment or daily dose of
beclomethasone. The multivariate analysis showed
that severe persistent asthma was associated with
lower height/age Z score.

Linear growth velocity was similar between 6
groups: < 500 pg, no INC; <500 pg plus INC; 500
to 750 pg, no INC; 500 to 750 pg plus INC; > 750
ug, no INC; > 750 ug plus INC. An initial reduction
of growth velocity related to use of beclomethasone
> 500 pg, particularly combined with INC, did not
persist during subsequent years of follow- up.

Table 1. continued

Study Participants ICS and dose Statural growth assessment  Main findings

McCowan 2355 children  with Distribution of patients based Tayside growth study Children who were receiving > 400 pg daily of ICS

1998 asthma or asthma on BTS treatment step: 0 accurately measured the and who were attending both hospital and general
related features, from (n=1924), 1 (n=435), 2 (n=61), height of children every practice for asthma care had lower height than

Tayside growth study
and Tayside childhood
asthma project, with a
mean age of 9.7 yr at the
last growth
measurement

3 (n=174), and 4 (n=259)

two years

average, independent of the effect of deprivation.
Children receiving high doses of ICS also showed
lower growth rates.




Ninan 58 prepubertal children Budesonide or beclomethasone Height was measured by Good control of asthma correlated significantly with
1992 with asthma at a median (range) dose of nurses according to the height velocity SD score, both before and
800 (200-1600) ug for a median  standardized technique )
duration of 2.7 (1-5.1) years after ICS was started. No evidence was found
that use of ICS has an adverse effect on growth.
Protudjer 2746  children and Parent-reported data on asthma Height was measured at Children with asthma averaged 0.93 cm (95% ClI
2015 adolescents from a and ICS use in the previous 12 clinic at 8 years, and child- 0.35-1.50) shorter than children without asthma.
longitudinal, months reported at 12 years Children with asthma using ICS were 1.28 cm (95%
population-based cohort, Cl 0.62-1.95) shorter than those with asthma without
of whom 182 had using ICS.
asthma
Volovitz 15 children (2-7 yr) with  Budesonide at daily dose of 200 Height was measured by a -~ The mean (SD) height velocity during the first year
1993 severe perennial asthma ug for 3 to 5 years. Twice trained nurse at each visit - ~of treatment with budesonide, which was in the 60th
annually, treatment was stopped (23) percentile for normal children, did not change
if the child’s clinical condition throughout the treatment period, 66th (17).
would  permit.  Adherence
(mean of 82%) was assessed by
counting the number of
remaining doses in the inhaler
Wardenier 99 prepubertal children Fluticasone at low-to-moderate Height was measured by The negative correlation between cumulative ICS
2016 (2-13 yr) with asthma doses, for at least 3 months trained nurses or _ :
taking ICS for > 3 before the start of the study, pediatricians ateachvisit ~ d0se and height growth velocity became non-
months and continued for one year. ICS significant after adjustment for age and sex in a
dose was adjusted based on the multiple regression model. One year of ICS
degree of asthma control. tr.eatment in guide!ine recommenqed ('jOSf'iQI]ES with
Adherence (median of 84%) high adherence did not result in significant or
was electronically assessed relevant growth suppression.
BTS: British Thoracic Society; INC: _intranasal corticosteroids; NCHS: National Center for Health Statistics; SD: standard deviation
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