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Abstract: Inhaled corticos teroids  have been es tablished as  the mos t effective treatment for childhood
as thma. However, concerns  pers is t regard in g  t h e ir p otential effects  on bone mineral dens ity and growth

velocity. Objectives : To assess  bone mineral density and growth  v e lo city during 12 months  of inhaled

corticos teroids  therapy in children with mild and moderate pers is tent a s t h ma . Methods : Thirty children
with mild and moderate pers is tent as thma treated with long-term inhaled fluticasone propionate (FP) 200ug

per day (mean age 6.1±1.6yr, M/F = 17/13) (Group I) and 20 as thmatic children who had never received

treatment with inhaled corticos tero id s  (Gro u p  II) (mean age 6.3±1.3, M/F = 9/11). Both groups  were
comparable for age, weight, height, growth velocity, duration of disease, bone mineral dens ity, serum

calcium and serum os teocalcin  at the beginning of the s tudy and after one y e a r period. Results :
Annualised mean growth velocity during the s tudy was  comparable in the two groups  (FP : 5.6 c m/ yr;

control: 6.0 cm/yr) (P>0.05). As thma control improved s ignificantly  in  FP group than control group. PFER

was  s ignificantly higher in children who received FP than those without inhaled s t e ro id s  (P<0.001). Bone
mineral de n s ity and bone mineral content, serum calcium and serum os teocalcin were s imilar in the two

groups  and showed no s ignificant difference (P>0.05). Conclus ion: Although we did not observe any s ide

effects  of inhaled FP o n  bone mineral dens ity, os teocalcin and growth velocity. W e sugges t that children
treated with inhaled corticos teroids  for a long time specially with higher doses   should be followed closely

with respect to s ide effects .
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INTRODUCTION

Current guidelines  recommend the use of in h a led

cortic o s teroids  for children and adolescents  with mild
pers is tent or more severe  fo rms  of as thma .[1 ,2]

Inhalation targets  corticos teroids  dire c tly to the s ite of

airway inflammation with fe we r adverse effects
compared with oral adminis tration . However, a[3]

cons iderable portion of an inhaled s te roid dose is

depos ited in the o ro p h arynx and subsequently
swallowed and absorbed from the gas trointes tinal tract.

Some fraction will be bioavailable  t o the sys temic

circulation , thereby poten t ially increas ing the risk of[3]

adverse sys temic corticos teroid effects .

Long-term treatment with oral corticos teroids  may

cause bone loss  and reduce g ro wth in children . In[4 ,5]

contras t, lower doses  and lower sys temic exposure with

ICS has  been shown to minimize the ris k o f such
sys temic effects . Nevertheless , c o ncerns  pers is t in[6 ,7]

relation to the potential effects  of long-term therapy on

bone in adults  and on childh o o d  g ro wt h .[8 ] [9 ]

Complicating this  is sue is  the knowledge that as t h ma

also has  the potential to reduce childhood g ro wth and

bone mineral dens ity (BMD) accrual, main ly through

reduced phys ical activity . Optimal as thma control[10]

therefore would facilitate normal growth a n d  bone

development, and clinical trials  inves tigating the effects
of ICS must account for this . 

It is  s till unclear whether the long t e rm in haled

s teroid usage has  negative effe c t s  o n growth, bone
mineral density and adrenal function and there  a re

some suspicions  and worrying about its  safety .[11-14]

In this  randomised prospe c t ive s tudy we aimed to
inves tigate the effect of long term inhaled s teroids  on

growth velocity, bone mineral dens ity and os teocalcin

in children with mild and moderate as thma.

MATERIALS AND METHODS

Fifty ch ildren with mild and moderate as thma

dele t e  were on follow up in Al ansar hospital in
Jeddah were enrolle d  to the s tudy. The s tudy was

conducted between January 2006 and  January 2007.

Patients  were divided into two groups : thirty child ren
treated wit h  inhaled 200 ug/day fluticasone propionate

(Group I) and 20 children were not treated with inhaled



Res. J. Medicine & Med. Sci., 4(2): 320-325, 2009

321

s teroids  for fear of s id e effects  (Group II).Parental
consents  were obtained.

Exclus ion Criteria:
- children with chronic diseases

- His tory of fractu re or immobilisation in the las t
year

- Use of oral s teroids  ever in both groups

- Children with known growth disorder, or his tory of
glucoma or cataract.

- Children with Tanner > 1.

- Children with height measurements  outs ide 5-95%
percentile of normal values  for their age.

Anthropometric as s essments  (weight, height,), at
the beginning of the s tudy, 6 months  and after a  one

year period were taken.
Height measurements  were taken in triplicate to the

neares t 1 mm, us ing a s t a n d a rd calibrated s tadiometer,

between 6.00 and 10.30 am. Each patient was
measured by the same person wherever poss ible

throug h o ut the s tudy. Height was  measured s tanding

without shoes , with heels  in contact with an upright
wall and the head held level (lower border of the eye

s o c ke ts  in the same plane as  the external auditory

meati). Gentle upward pressure was  applied un d er the
mas toid process  where necessary and subjects  we re

required to s tand away from the mach ine between

measurements .
Between clinic vis its , chang e s  in FP dose or other

as thma medications  are always  mad e  under the
superv is io n of the clinic so that trans ient changes  in

treatment during periods  of increased as thma symptoms

are always  recorded.  
Any as thma medication required to mainta in

a s t hma control (except sys temic s teroids) is  allowed in

the s tudy.
In addition to child ren treated with inhaled FP, the

ongoing prospective s tudy also includes  a control group

of c h ildren with as thma whose parents  have not
allowed their c h ildren to be treated with inhaled

corticos teroids  (because of concerns  about s ide effects ).
These control children have been followed in  e xa c tly

the same manner as  the child ren receiving FP. Children

in the control group receive a variety of a s thma
medications , except inhaled s teroids . 

All children were followed  u p  by peak expiratory

flow rate (PEFR) which was  measured twice daily
us ing a Mini-W right peak flow meter. 

Bone Metabol i s m: Serum calcium, and os teocalcin
were measured in the begin n in g  a n d at the end of the

s tudy.

2 4Bone mineral dens ity was  measured at L -L
vertebra b y  us ing dual energy x-ray absorbtiometry

(DEXA) method in the beginning and at t he end of the
s tudy.The results  are reported as  absolute dens ities  (in

grams per square centimeter).

Statis tical Analysis : Data were expressed as  mean ±

SD for continuous  quantit a t ive variables  and as
persentage for qualitative variables . Paired t-tes t,

s tudent’s  t-tes t, Chi-square tes t and correlation used

when appro p ria t e.  p value < 0.05 was  cons idered
s ignificant. Data we re checked, entered and analyzed

by us ing SPSS vers ion 11...

RESULTS AND DISCUSSIONS

Results: Group I (fluticasone propionate group)
included  30 p atients . There were 17 boys  (%56.7), 13

girls  (%43.3) with the mean age of 6.1 ± 1.6 years
(range: 4-9 years ). Control group contained 20 patients .

Of the patients  9 we re boys(45.0%), 11 were

girls (55.0%) wit h the mean age of 6.3 ± 1.3 years
(range: 4-9 years ).There was  no s ignificant difference

between both grupos  as  regard g e nder, age, weight,

height and duration of as thma (P<0.05)(Table 1).
Body mass  index and bone mineral content did not

change after one year in both groups  (p > 0.05). The

mean increase in linear growth and weight  fro m the
beginning to the firs t year of the t h e rapy was

s t a t is t ically s ignificant and s imilar in both groups  (p <

0.05). Growth rate (cm in one yea r) was  5.6 ± 0.76 cm
in  g ro u p  I, 6.0 ± 0.71 cm in group II respectively

(Table 2) and this  shows no s ignificant difference.
There was  no difference in growth velocity

between males  and females  in both groups  (Table 3).

There  were no s ignificant differences  in serum
calcium and os teocalcin levels  between the baseline

a nd end values  (p > 0.05) in both groups . T h e  b o n e

mineral dens ity of group 1 an d  g ro u p 2 at the
be g in n in g and after one year was  s imilar (p > 0.05)

(table 2).

There was  no correlation between change in height
and BMD, BMC,duration of as thma, serum calcium

and serum os teocalcin (Table 4).
PFER  was  s ignificantly higher in children who

received FP than those without inhaled s t e ro ids

(P<0.001). The mean proportion of c h ild ren who
experienced as thma exa c e rbation during s tudy was  7%

in the FP group, compared to 20% in the con trol group

( P<0.001). 

Di s c us s ion: Peak bone dens ity attained during

childhood may be a crit ical determinant of risk of
fracture in adulthood. For t h is  reason it is  important to

fully unders tand the factors  influencing peak bone

mineral dens ity in children. These include diet, phys ical
activity,  growth, and genetic predispos ition . Some[15]
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Table 1: Baseline characteristics of both groups

Group 1n=30 Group 11 N=20 P 

 Gender

Male 17       56.7% 9          45.0% 0.41
---------------------------------------------------------------------------------------------------------------------------------------------------------------------

Female 13       43.3% 11        55.0%

Age (years)

mean±SD 6.1±1.6 6.3±1.3 0.75

---------------------------------------------------------------------------------------------------------------------------------------------------------------------

range 4-9 4-9

W eight(kg) 

mean±SD 18.8±4.2 19.8±3.8 0.6
---------------------------------------------------------------------------------------------------------------------------------------------------------------------

range 12-28 13-29

Height(cm)

mean±SD 111.3±9.3 112.2±7.4 0.7

---------------------------------------------------------------------------------------------------------------------------------------------------------------------

range 98-130 101-130

Duration of asthma (years)
mean±SD 2.9±1.1 3.0±0.98 0.7

---------------------------------------------------------------------------------------------------------------------------------------------------------------------

range 1-6 1-5

Table 2: Changes in different measured parameters

Group IN=30 P Group IIN=20 P1 2

Height(cm)

Baseline 111.3±9.3 112.2±7.4

---------------------------------------------------------------------------------------------------------------------------------------------------------------------

6 months 114.4±9.2 114.9±7.6

---------------------------------------------------------------------------------------------------------------------------------------------------------------------

12 months 116.9±9.3 118.0±7.7

---------------------------------------------------------------------------------------------------------------------------------------------------------------------

Change 1 3.3±1.5 <0.001 2.85±0.6 <0.001

---------------------------------------------------------------------------------------------------------------------------------------------------------------------

Change 11 5.6±0.75 <0.001 6.0±0.71 <0.001

W eight(kg)

Baseline 18.8±4.2 19.8±3.8

---------------------------------------------------------------------------------------------------------------------------------------------------------------------

6 months 19.2±3.4 <0.001 20.1±3.6 <0.001

---------------------------------------------------------------------------------------------------------------------------------------------------------------------

12 months 20.1±3.5 <0.001 21.1±3.8 <0.001

BMD g/cm2

Baseline 0.678±0.05 0.11 0.688±0.04 0.12

---------------------------------------------------------------------------------------------------------------------------------------------------------------------
12months 0682±0.047 0.69±0.04

BMC

Baseline 1112.8±129.4 0.11 1113.4±114.3 0.12

---------------------------------------------------------------------------------------------------------------------------------------------------------------------

12 months 1147.6±66.4 1149.7±81.9

Serum Ca (mg/dl)

Baseline 9.5±0.58 0.5 9.3±0.6 0.16

---------------------------------------------------------------------------------------------------------------------------------------------------------------------
12 months 9.4±0.4 9.6±0.4

Serum osteocalcin (ng/ml)

Baseline 62.2±3.1 0.5 62.9±2.5 0.5

---------------------------------------------------------------------------------------------------------------------------------------------------------------------

12 months 61.3±3.2 62±2.7

P for comparison between parameters in group I1  

P for comparison between parameters in group II2  

T here was no significant difference between both groups in all parameters at baseline and after one year.

chronic diseases  have also  been reported to be

associated with reduced  p e a k b o n e  ma s s  in
children . [16 ,17]

High doses  of oral s teroids  have been sh o wn  to

adversely affect bone mineral dens ity in adults  and in

children . However, when given to patie n ts  with[16 ,18]

severe disease such treatment ma y  sometimes  increase
bone mineral dens ity , probably because of changes[1 5]

in phys ical a c tivity or diet and/or improvement in
disease control. This  makes  pred iction of the effects  of

exogenous  s teroids  on the as thma disease difficult.
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Table 3: Gender-specific height change in both groups

Mean±SD Increase in height mean±SD (range)

Group I

Male n=17
Baseline 111.5±9.3

-------------------------------------------------------------------------------------------------------------------------------------------------------

6 months 114.8±9.1 3.5±0.9 (2-4)

-------------------------------------------------------------------------------------------------------------------------------------------------------

12 months 117.0±9.2 5.6±0.87 (4-7)

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Female n=13

Baseline 111.1±9.6

-------------------------------------------------------------------------------------------------------------------------------------------------------

6 months 113.9±9.7 3.0±0.9 (2-4)

-------------------------------------------------------------------------------------------------------------------------------------------------------

12 months 116.8±9.7 5.7±0.6 (5-7)

Group II

Male n=9

Baseline 113.1±9.2

-------------------------------------------------------------------------------------------------------------------------------------------------------

6 months 115.7±9.4 2.8±0.67 (2-4)

-------------------------------------------------------------------------------------------------------------------------------------------------------

12 months 118.9±9.5 5.8±0.67 (5-7)

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Female n=11

Baseline 111.5±5.9

-------------------------------------------------------------------------------------------------------------------------------------------------------
6 months 114.2±6.2 2.7±0.65 (2-4)

-------------------------------------------------------------------------------------------------------------------------------------------------------

12 months 117.3±6.2 5.7±0.8 (5-7)

Table 4: Correlation between change in height and other parameters

r P

Duration of asthma(years) -0.22 >0.05

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

0.15 >0.05BMD g/cm2

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

BMC 0.01 >0.05

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Serum Ca(mg/dl) 0.01 >0.05

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Serum osteocalcin(ng/ml) 0.12 >0.05

Inhale d  c orticos teroids  have a cons iderably better

safety profile t han oral s teroids . Recent s tudies  with
ICS have yielded contradictory results , with some

s howing a reduction in bone mineral dens ity whils t
others  have not .[12 ,13 ,20]

W e used dual energy x-ray absorpiometry (DEXA)
for the evaluation of BMD. DEXA provides  a mea s u re

of areal bo n e  mineral dens ity. And by measuring of
vo lume of scanned bone, changes  in the mineral

dens ity and bone s ize in growing children  c o u ld be
dis tinguished .[20]

The lumber spine is  the ideal s ite for DEXA scans

because of its  hig h  c ontent of metabolically active
trabecular bone and its  propens ity for fractures  as  we ll

as  its  sens itivity to (endogenous) glucocorticoid
excess .[21]

This  s tudy found no s ignifica n t differences  in
BMD betwee n patients  who were treated with inhaled

FP for one year and age-matched, s teroid-naïve contro l
subjects . This  comes  in agreement with Griffiths  e t al,

who concluded that there was  no s ignificant redu c t ion
in bone metabolism or bone age-corrected bone mineral

de n s ity in children with as thma on prolonged high

doses  of inhaled FP .[22]

In another s t u d y done by Altintas  et al, who

s tu d ied linear growth, BMD and adrenal function and
fo u n d  n o  o b s e rv e d s ide effects  of in h a le d

corticos teroids  and sugges ted that children treated with
inhaled corticos teroids  for a long time sho uld be

followed closely with respect to s ide effects . [23]

In a large prospective lo n g it udinal s tudy done by

W illiam et al, a n d for Childhood Asthma management
Program (CAMP) in which they found that o ral
corticos teroid burs t s  produced a dosage-dependent

reduction in bone  min e ral accretion (0.052, 0.049, and
0.046 g/cm  per year) and an increase in risk for2

os teopenia (10% , 14% , and 21%) for 0, 1 to 4, and 5
courses , respectively, in boys  but not girls . Cumulative

inhaled corticos teroid u s e  was  associated with a small
decrease in bone mineral accretion in boys  but not girls

but no increased risk for os teopenia . [24]

Beca u s e  of differences  among ICS in oral

bioavailability and selectivity for the glucocorticoid
receptor, results  o f s t udies  with FP cannot necessarily
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generalized to other ICS . W ith only one exception,[25]

other longitudinal s tudies  of ICS have failed to detect

an effect of ICS on BMD . [8]

Studies  on bio c h e mical markers  of bone

me t a b o lism have shown a reduction in serum
osteocalcin concentration, whereas  other marke rs  such
as  ALP and procollagen peptide I hav e  s h o wn less

cons is tent resu lt s . W e did not found any change in[2 6]

biochemical markers  s u c h  a s  s e ru m c a lc iu m,

os teocalcin levels . 
Dietary calcium intake is  another important point

to disc u ss . Some authors  think that decreased BMD
may be partly rela t e d  t o  low calcium intake.

Maintenance o f adequate calcium and vitamin D intake
thought to b e  helpful for negative s ide effects  of ICS

on bone turnover . W e co u ld  not be able to evaluate[14]

dietary  c a lcium intake in this  s tudy, but we did not

detect reduction in calcium levels  and BMD
As regard the growth  velocity, we included a

control group of children wit h  a s t hma who had not
received continuous  exog enous  corticos teroids . This

allowed a clinically more rele v ant comparison than a
comparison with healthy children because children with

chronic as thma often demonstrate a growt h  p attern
different from that of h e a lthy children . Many[27 ,28]

as thmatic children experience pre p u bertal growth
re t a rdation and delayed onset of puberty as  compared

with healthy control children .  Therefore their Tanner[27]

s tages  would lag behind their chronologic age

compared with healthy children. Because growth and
puberty are very import ant for increase in bone mineral
dens ity   It is  des irable to compare groups  of[2 9 -31].

children with s imilar growth patterns  and pubertal
development. In the pre sent s tudy, there was  no

s tatis tically s ig nificant difference between the two
groups  in height, weight, or dis tribution of T a n ner

s tages , indicating that we succeeded in controlling
delete these confounding factors . Further s tudies  are

required to assess  how the findings  in as thmatic
children compare with healthy children.

The reports  on the effects  of inhaled corticos teroids
(ICS) have been controvers ial. Bo t h  retarded growth

a nd completely normal growth have been reported . It
was  concluded t h a t  there is  no s ignificant evidence of

adverse effects  on growth when conventional doses  of
ICS were used .[11]

In a s tudy done by Crisan et al, the velocity of
growth was  decreased  in the s tudy group compared to

controls  after 3 months  of treatment, but the differences
became ins ignificant after 12 mon t h s  of therapy . In[32]

conclus ion, one year of treatment with inhaled FP at an
average daily dose of 200 µg has  no detectable adverse

effect on bone mineral dens ity, bone mineral content
and growth velocity; however, long term prospective

trials  comparing the effects  of different forms  of ICS
on final height are needed.
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