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the development of this guidance. While we have recommended some revisions to the 
proposed guidance, we fully support its development and look forward to working with 
the Agency to finalize a document which provides practical advice in the design, conduct, 
and interpretation of clinical trials to evaluate potential effects on growth in children who 
require prolonged treatment with orally inhaled or intranasal corticosteriods. 
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1. General comment (cf. Lines 91-93,156-159,230-231) 

Comment 
While understanding the motivation behind the decision, we have some concern regarding the 
Agency’s recommendation that for asthma, only mild persistent asthmatic subjects be studied. 
This concern is increased by the statement “Ideally, a range of doses should be studied if a 
dose range is approved or proposed.. .” There are two important reasons why we believe this 
is inappropriate. First, there are ethical issues with respect to administering higher doses of 
inhaled corticosteroids to patients than are clinically indicated. Second, for the same dose of 
inhaled corticosteroid, lung deposition is greater in patients with mild asthma compared with 
patients with more moderate or severe disease. This was confirmed in two recent studies 
(Saari et al. Chest. 1998;113(6):1573-1579, and Weiner et al. Chest. 1999;116(4):93 l-934.) 

We believe that the entry criteria should more accurately reflect the intended population to 
whom the drug will be administered. This would allow for a more appropriate benefit risk 
assessment across the spectrum of the population who will be exposed to the specific agent. 
While the agency’s guidelines reflect the potential for the ‘worst case’ scenario in milder 
patients, they also have the potential to exaggerate the effects of these drugs in the population 
of patients most likely to use them. More importantly, this does not allow an adequate 
assessment of the benefit risk ratio in patients with more moderate disease, those most likely 
to use these drugs. 

Therefore, the information received from this type of study would not reflect the target 
population, and more seriously, may over-estimate treatment/dose effects. 

2. Lines 50-54 
Studies recently submitted to the Agency have demonstrated reduced growth velocities that 
were statistically significant (in the range of approximately 1 centimeter (cm) per year) among 
active treatment groups exposed to inhaled or intranasal corticosteroids as compared to 
control groups (placebo or noncorticosteroid asthma treatments such as beta-agonists). 

Comment 
As written, it is implied that the reduction of 1 cm is the rate seen per year for each year on 
corticosteroid therapy. Results from CAMP (Na 2000; 343 : 1054- 1063) have shown a 1 
cm reduction in the first year only, with the major effect observed within the first several 
months of initiating therapy. Other studies (Price & Weller. Respir Med. 1995;89:363-368, 
Agertofi & Pedersen. NW 2000;343: 1064-1069, Allen et al. J. Pediatrics. 1998; 132 (3 Pt 
1):472-477) have failed to confirm these effects, even in the lSf year. 

3. Lines 80-82 
Sponsors of both intranasal and inhaled corticosteroid products that contain the same active 
moiety may be able to use pharmacokinetic data to bridge the growth findings associated with 
one formulation to a second formulation. 
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Comment 
Pharmacokinetic data should only be used to bridge from one formulation to another if a 
PK/PD relationship between systemic exposure/growth or systemic exposure/cortisol/growth 
has been established for the compound of interest. 

4. Lines 99-103 
There should also be a follow-up period (preferably using a single-blind placebo or 
noncorticosteroid medications, as described above) to assess potential catch-up growth. The 
duration of the baseline period should be at least 16-weeks, the treatment period should be at 
least 48-weeks, and the follow-up period should be at least 8-weeks. 

Comment: 
We are of the opinion that a follow-up period of 8-weeks is too short to adequately evaluate 
catch-up growth. Furthermore, the growth results during the follow-up period may be 
confounded by the advancing age of this patient population, whereby the older patients may 
experience a pubertal/pre-pubertal growth spurt. Nonetheless, a 4-8 week follow-up period 
would be usetil to evaluate if a change in Tanner staging has occurred. 

Proposed new wording: 
There should also be a follow-up period (preferably using a single-blind placebo or 
noncorticosteroid medications, as described above) to evaluate if a change in Tanner staging 
has occurred. The duration of the baseline period should be at least 16 weeks, the treatment 
period should be at least 48 weeks, and the follow-up period should be at least 4-8 weeks. 

5. Lines 110-111 
If the stadiometer has not been calibrated in the previous 4 hours, it should be calibrated 
immediately prior to measurement of patient height. 

Comment 
We question the need to recalibrate the stadiometer every 4 hours and suggest that a lapse of 
no more than 24 hours between calibrations is adequate. We suggest the Agency confer with 
manufacturers of stadiometers on the most appropriate re-calibration schedule. 

6. Lines 113-117 
The study design should incorporate practices that reduce measurement error. The 
investigators or examiners should be trained in stadiometry and calibration procedures. 
Ideally the same person should measure the children at every visit and should be blinded to 
the patients’ status in the study. 

Comment 
Two additional practices that also have the potential to reduce measurement error are for 
height assessments to be performed at the same time of day for each patient throughout the 
course of the trial, and that the measurements at each timepoint be performed in triplicate, 
with the mean of the three measures taken. (Price, J. et al. “Evaluating the effects of asthma 
therapy on childhood growth. Part I: Principles of study design”. Accepted for publication in 
ERJ.) 
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Proposed new wording: 
(to be added at end of line 117): 
Measurements at each timepoint should be performed in triplicate, with the mean of the three 
measures taken as the height value for that time. In addition, measurements should be 
performed at the same time of day for each patient throughout the course of the trial. (Voss & 
Bailey. Archives of Disease in Childhood. 1997;77:3 19-322) 

7. Lines 156-160 and 195-196 

Lines 156-160 
Patients included in growth studies with orally inhaled products should have a history of mild, 
persistent asthma for a minimum of 6 months prior to study entry. Patients should also have a 
documented percentage predicted FEVl 1 80 percent after withholding beta-agonists for 2 6 
hours at both screening and first baseline visits. 

Lines 195-196 
Use of inhaled, intranasal or high potency topical corticosteroids within 6-weeks and systemic 
corticosteroids within 3 months of the first baseline visit. 

Comment 
We believe that the entry criteria should more accurately reflect the intended population to 
whom the drug will be administered. This would allow for a more appropriate benefit risk 
assessment across the spectrum of the population who will be exposed to the specific agent. 
While the agency’s guidelines reflect the potential for the ‘worst case’ scenario in milder 
patients, they also have the potential to exaggerate the effects of these drugs in the population 
of patients most likely to use them. More importantly, this does not allow an adequate 
assessment of the benefit risk ratio in patients with more moderate disease, those most likely 
to use these drugs. 

In order to include more moderate patients, we are of the opinion that eligible patients should 
have a documented percent predicted FE& > 60-70 percent aRer withholding beta-agonists 
for 2 6 hours at both screening and first baseline visits. Consistent with the inclusion of 
patients with mild to moderate asthma, patients may require short acting beta agonists alone, 
non-corticosteriod controller medications, or low doses of inhaled corticosteroids. 

Proposed new wording: 
Patients included in growth studies with orally inhaled products should have a history of mild 
or moderate persistent asthma for a minimum of 6 months prior to study entry. Patients 
should also have a documented percent predicted FEVl 2 60-70 percent after withholding 
beta-agonists for > 6 hours at both screening and first baseline visits. 

Use of high dose inhaled or intranasal corticosteroids or high potency topical corticosterioids 
for dermatological application within 6-weeks and systemic corticosteroids within 3 months 
of the first baseline visit. 
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8. Line 187, with associated footnote (footnote 4) 
Line 187 
Baseline height velocity less than the 3rd percentile. 

Footnote 4 
The purpose of this criterion is to exclude patients with growth disorders from studies in 
which they may receive a growth-inhibiting drug. Baseline growth velocity can be calculated 
as a difference between the first and last baseline measurements or as a regression line using 
all the baseline measurements. 

Comment 
We recommend an exclusion criterion based on baseline height percentiles rather than 
baseline growth velocity percentiles. Normal growth velocity percentile curves are based on 
one-year of observational data. (Tanner & Davies. J. of Pediatrics. 1985; 107(3):3 17-329). 
Hence, a 16-week run-in period will provide more variable estimates of growth velocity that 
precludes the use of these growth velocity percentile curves. 

An exclusion criteria based on baseline height should also include an upper bound for 
exclusion (e.g., greater than 97th percentile). This will exclude patients at the extremes of the 
centile height ranges, as this may also be marker for a previously undiagnosed growth 
disorder. (Price, J. et al. “Evaluating the effects of asthma therapy on childhood growth. Part 
I: Principles of study design.” Accepted for publication in E’. Duke, S. et al. DIA. 
2000;34:397-409) 

Proposed new wording: 
To line 187: Baseline height less than the 3rd percentile or greater than the 97fi percentile. 

9. Lines 260-265 
It is desirable that growth studies provide an estimate of treatment effect with a high level of 
precision (e.g., total length of 95 percent confidence interval 0.5cm). This level of precision 
should be attainable on the order of 2 150 completed patients per treatment group, using the 
design characteristics outlined in this document, and based on an analysis that controls for 
baseline growth velocity, age and gender in the model. 

Comment 
A potential issue with this recommendation is suggesting >150 completed patients. The high 
potential for dropout bias is well recognized and analysis of completers only data is not 
recommended in the guidance, so the sample size requirements should not be based on the 
number of completers. We recommend that the sample size requirement be worded in terms 
of randomized patients. 

Based on the standard deviation reported in Duke 2000 (1.48cmyr for the regression slopes 
using all patients), a sample size of 270 patients per treatment arm would be necessary to 
power a study to generate a 95% confidence interval with a total length of 0.5crn/yr. This 
sample size is considerably higher than what is proposed above. A sample size of 150 
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patients per treatment group would provide of 95% confidence interval with total length 
approximately 0.7cm/yr using a within treatment group standard deviation of 1.48cm/yr. 

10. Lines 275-278 
The preferred measure of growth effects is the difference in growth velocity during the 
treatment period between active and placebo treatments. Individual patient growth velocities 
during the baseline, treatment and follow-up periods could be calculated using change from 
baseline in height or estimated using linear regression models. 

Comment 
Provided that missing data is ‘missing at random’, then we believe that an alternative statistical 
analysis method with increased power and precision is a random coefficients analysis. This 
method assigns less weight to patients with more variable data, which is likely to occur for 
patients with few data points due to early withdrawal. This method assigns more weight to 
patients with more data, and reduces the impact of confounders such as short-term variations 
in growth. The assumption of ‘missing at random’ may be more appropriate for studies 
evaluating the effects of intranasal corticosteroids on growth in children. 

Proposed new wording: 
The preferred measure of growth effects is the difference in growth velocity during the 
treatment period between active and placebo treatments. Individual patient growth velocities 
during the baseline, treatment and follow-up periods could be calculated using estimated 
linear regression models and an ANCOVA then performed. Alternatively a random 
coefficients model could be implemented if the number of patient withdrawals were low and 
the assumption of missing-at-random missingness is deemed to be reasonable. 

11. Lines 278-281 
An ANCOVA model involving all randomized patients with at least three recorded height 
measurements during the double-blind treatment period is recommended to estimate the mean 
difference between treatment groups in growth velocity over the treatment period. 

Comment 
Stipulating that patients must have at least three on-treatment height measurements is in 
disagreement with intention-to-treat principles, where all randomized patients are included. 
Additionally, this analysis would introduce a bias caused by ignoring the data from patients 
withdrawing prior to obtaining three on-treatment measurements. In order to draw inferences 
about the population randomized, as many patients as possible need to be included in the 
analysis, and having one post-baseline observation is sufficient to do this. 

Proposed new wording: 
An ANCOVA model involving all randomized patients with at least one post-baseline 
measurement is recommended to estimate the mean difference between treatment groups in 
growth velocity over the treatment period. 

12. Lines 320-322 
It is recommended that pulmonary function tests be performed at every office visit. 
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Comment 
We are of the opinion that while it is optimal to perform an FE& in all patients, there will be 
a significant proportion of patients in whom a meaningful FE& will not be obtainable. In 
these patients, we propose that the use of a peak expiratory flow rate (PEF) with similar entry 
criteria will suffice. Because the primary objective of this study is not to evaluate efficacy, 
we propose that FE& or PEF should be obtained in the office at 12-week intervals throughout 
the treatment period. 

Proposed new wording: 
It is recommended that spirometry (or peak expiratory flow rate in those patients unable to 
perform spirometry) be performed at office visits at least every 12-weeks during the treatment 
period. 



Regional Lung Deposition and 
Clearance of ggmTc-Labeled 
Beclomethasone-DLPC Liposomes in 
Mild and Severe Asthma* 
S. Marisanna Saari, MD; Mikn T. Vidgren, PhD; Matti 0. Koskinen, PhD; 
Vtiinii M.H. Turjanmaa, MD, PhD; J. Clifford Waldrep, PhD; and 
Markku M. Nieminen, MD, PhD 

Object&e: To compare the distribution and clearance of inhaled beclomethasone dipropionate 
(Bet)-dilauroylphosphatidylchohne (DLPC) liposomes in patients with mild and severe asthma. 
Dedgn: A g’mTc-labeled Bet-DLPC suspension was delivered via a nebulizer (Aerotech II). 
Immediately after inhalation, anterior and posterior views of the lungs and an anterior view of the 
orophaxynx were measured by a large field gamma camera with the patient in a supine position. 
To evaluate the mucociliary clearance of the inhaled liposomes, anterior and posterior lung scans 
were repeated 1,2, 4, and 24 h after the aerosol delivery. 
Patient-c Ten patients with mild asthma (FEVL ~80% of the predicted) and 10 patients with severe 
asthma (FEV1 <60% of the predicted) were included in an open, parallel group study. 
Remdts: Clearance is more rapid among patients with severe asthma (p~O.0001). At the 4-h 
measurement, a mean of 82% (SD, 5.9) of the total pulmonary dose was detected in the lungs of 
patients with mild asthma while in those with severe asthma the figure was 69% (SD, 10.9). The 
ratio between central and peripheral deposition was significantly higher for patients with severe 
asthma than for those having a mild form of the disease; 1.07 (SD, 0.29) and 0.76 (SD, 0.07), 
respectively (p=O.OOS). 
Conclusions: Inhaled Bet-DLPC liposomes were deposited more centrally in the lower airways of 
patients with severe asthma than those having a milder form of the disease. The clearance of 
Bet-DLPC liposomes is strikingly slow in both groups of asthmatic patients. However, due to the 
more peripheral penetration of inhaled liposomes in patients with mild asthma, the clearance 
rate in this group was slower than in those with severe asthma. 

(CHEST 1998; 113:1573-79) 

Key words: aerosol; a&m, % heclomethasone dipropionate (Bet); corticosteroids; 
(DLPC); liposome; nehulizer; ’ ~‘“‘technetium 

tlilauroylphosl>hatic~ylcholine 

Abbreviations: Bec=beclomethasone di 
choline; C=central; 

ropionate; Bee-DLPC=heclomethasone tlipropionate-dilauroylphosphatidyl- 
DLPC=tlilauroylp osphatidylcholine; it DPPC=tlipa~nitoylphosphatidylcholine; ITLC=instant 

thin-layer chromatography; MMAD=mass mdian aerodynamic diameter; P=peripheral; ROI=region of interest 

T he administration of drugs by inhalation is an 
effective means for delivering relatively small 

quantities of therapeutics to target sites. Neverthe- 
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less, most drugs are rapidly cle4ared from the lungs 
and pass into the systemic circulation. This explains 
the relatively short therapeutic effect of inhaled 
drugs, the necessity for frequent dosages, and the 
occurrence of unwanted systemic side effects. 

Liposomes are a carrier system for pulmonary 
drug delivery currently under wide investigation. 
They seem to be particularly appropriate drug carri- 
ers, as they can be prepared from phospholipids 
present endogenously as components of pulmonary 
surfactant in the respiratory tract. Recent studies of 
pulmonary deposited liposomes have indicated that 
liposome encapsulation of a drug before administra- 
tion can prolong the presence of the inhaled drug in 
lower airways’ and limit rapid redistribution to other 
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tissues.’ In addition, a decreased incidence of SYS- 

temic side effects of intrapulmonary-administered 
liposome-encapsulated drugs has been reported.” 

Recently, synthetic droplet size liposome aerosols 
have been developed for the treatment of pulmonary 
disorders such as bronchial asthma. A previous study 
demonstrated that beclomethasone dipropionate 
(Bet)-dilauroylphosphatidylcholine (DLPC) lipo- 
some aerosols can be administered into the lower 
airways via several different nebulizers.4 In addition, 
the tolerability and pulmonaxy deposition of Bec- 
DLPC liposomes have been studied in healthy vol- 
unteers.“-’ However, there are no data on the dep- 
osition and clearance of Bet-DLPC liposomes in 
asthmatic patients to date, and to our knowledge. 

The objective of this study was to compare the 
distribution and clearance of inhaled Bet-DLPC 
liposomes in patients with mild and severe asthma 
after administration with a jet nebulizer (Aerotech 
II; CIS-US, Inc; Bedford, Mass). 

MATERIALS AND METHODS 

Twenty adult nonsmoking patients (age > 18 years) with stable 
chronic asthma were included in an open, parallel group study. 
They were recruited from the outpatient clinic of the Depart- 
ment of Puhnonary Diseases of Tampere University IIospitd. 

All diagnoses were had on clinical evaluations by the attend- 
ing chest physician and fulf&d the criteria defined by the 
American Thoracic Societ)fi with the addition of an increase in 
FE\‘, >15% following a hronchotfilation test (the inhalation of 
200 pg of salhutamol from a metered-dose inhaler). All patients 
had had the disease for at least 6 months. Ten patients had a mild 
form of asthma and 10 had a severe fonn of asthma. The patients 
with mild asthma were five women and five men wivith a mean age 
of 49 pars (range, 32 to 60 years), while those having a severe 
fonn of the &ease were also five women and five men with the 
mean age of 57 years (range, 47 to 66 years). Baseline FEV,, 
measured immediately prior to the experiment, was 80% of the 
pre&cted in those with mild asthma, and 60% of the predicted in 
those having severe asthma (Table 1). 

At the heginning of the stucly, medical histories were taken and 
physical examinations were carrieti out by the attemling puhno- 
nary physician. None of the subjects had an exacerbation of their 
asthma or an upper req+tory viral infection within the previous 

Table l-Patient Characteristics in Mild and Severe 
Asthmatic Groups 

Characteristics 

Milt1 Assthma 
(n= 10) 

SD’ Meun 

Severe Asthma 
(n= 10) 

I I 
MKlIl SD 

Sex, M/F 5/5 5i5 
Age, )I 49.1 8.5 55.2 6.4 
FVC, % of predicted 98.2 11.5 M.9 19.8 
FEV,, 8 of predicted 90.1 6.7 47.6 16.0 

4 weeks. Moreover, patients with any other significant puhnonq 
or car&c &ease or those having P-blocker, calcium channel 
blocker, an~iotensin-converting enzyme inhibitor, or oral &- 
agonist therapy were excluded. Patients abstained from inhale1 
long-acting P-agonists (sahneterol or fonnoterol) for at least 24 h, 
oral contrdleti-release theophylline preparations for at least 48 h, 
caffeine-containing beverages for 12 h, and inhaled corticmte- 
roids and shortacting bronchodilators for at least 8 h prior to the 
study. Oral corticosteroid treatment wivith one patient cmtinued 
unchanged. After the trial, patients continued taking their asthma 
me&cation as previously prescribed. 

The study was conducted acxmding to the Declaration of 
Iklsinki. Written, informed consent was obtained from all 
patients, and the study protocol was approved by the Ethical 
Committee of Tlunpere University IIospital. 

Labeling of Bet- DLPC Lipsoms \iri th yJJn’Tc 

Bet and DLPC l’p i osomes were produced as previously tle- 
scribetl.” Briefly, 1 mg Bet and 25 mg DLPC were tlissolved in 
10 mL t-hutanol. After mixing, the Bee-DLPC solution was 
pipetted into glass vials, rapidly frozen in &y ice-acetone, and 
lyophilized overnight to remove the organic solvent. The lipo- 
some suspension was produced by ad&q ultra-pure water to 
obtain a final drug concentration of 500 k@nL. The mixture was 
stirred for 30 min at 37°C to allow hydration of the liposomes. 

The preformed Bet-DLPC liposomes were labeled with Tc in 
the presence of SnCl, as a reducing agent. In the preparation of 
a stannous chloride solution, it is important to exclude the 
possibility of oxitlation of tin to the nonreactive stannic form. 
Therefore, before dissolving stannous chloride (67 mg), 100 mL 
of sterile, pyrogen-free water was bubbled 30 lnin with nitrogen 
in order to expel most of the oxygen. Then 1 mL of Tc 
pertechnetate in sterile saline solution, with a radioactivity of 
approximately 780 MBq (21 mCi), was ad&d, and the mixture 
(total volume, 2.S mL) was shaken vigorously for 1 min and left 
to react at room temperature for 30 min. 

The radiochemical purity of liposomes was determined after 
every labeling by instant thin-layer chromatography (ITLC). In 
the two-strip mini-ITCL pr~cutdure,~~’ normal saline solution was 
used as a solvent and silica gel (ITCL-SC, pm1. 61885; Gehn 
Sciences; Ann Arbor, Mich) as an absorbent in order to measure 
the amount of free ““‘Tc. 

Micropartitioning and the chromatographic analysis of laheletl 
Bet-DLPC liposomes have demonstrated a high labeling effi- 
ciency (96 to 99%) with minimal free Tc.” The SnCL,-catalyzed 
reduction of Tc4+ ions reacts primtrily with the phosphate 
portion of the DLPC, fonning a positive ami stable association 
between the radioactive tag and the liposome. A cascade impac- 
tion analysis (Anderson cascade impactor) was performed earlier 
in order to examine the quantities of Bet, DLPC, and Tc in 
different particle size fractions, and the extent to which the 
amount of radioactivity cm-responded to the amount of Bet am1 
DLPC.” The analysis showed a positive correlation among Bet, 
DLPC, and “““Tc in the aerosol particles. The correlation 
coefficient of Bet and “j” Tc cmcentrations at tlifferent stages of 
the cascade impactor also showed a positive correlation. The mass 
median aerodynamic &meters (MMAD) and the geometric 
stmdart~ deviation of Bet-DLPC liposomes were 1.S2.3, 1.4/2.2, 
and 1.7/1.8 accortling to the chug, ra&oactivi;ity, and lipid analy- 
ses, respectively, after achninistration from the nebulizer (Aero- 
tech II) using an airflow of 10 Umin. 

Although the liposomes were labeled hefore nehulization, the 
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reduction of initial particle size by the nebulizer did not cause any 
ciisintegmtion of the bond between the phospholipid and the 
radioactive tag. Thus, the “““Tc remained associated with the 
Bee-DLPC liposomes during nebulization an<1 in the aerosol 
particles with a homogenous distribution of the radioactive tag 
throughout the lipid phase. 

The Tc-lahelecl Bee-DLPC suspension was delivered from 
nehulizers (Aerotech II) connected to an automatic, inhalation- 
synchronized closimeter (Spira Elektro 2; Respiratory Care Cen- 
ter; II~mmdinna, Finland). This dosimeter is triggered by a very 
low inspiratory flow rate with a threshold of <2 umin.“-l: The 
volume of each inhalation is displayed digitally, and the inhalation 
flow rate is controlled hy a flow indicator. A breath-wtuated, 
variable-time circuit rctgulates air through a solenoid valve to a 
nehulizer, set at a flow rate of 10 Yinin. The volume output of 
the c&meter with 0.5-s nehulization pericds under these oper- 
ating cumditions is 7 PL per breath (SD, O.S).“-‘:I In this study, 
the dosimeter was set to start nehulization in the heginning of the 
inhalation after the patient had inhaled a volume of 10 mL, with 
each inhalation lasting approximately 3.0 s. 

A total close of 500 kg Bet within the labeled liposomes (2.5 
mL), having an initial rdioaetivity of approximately 780 MBq (21 
mCi), was placed in the jet nebulizer. Subjects were instructed to 
place the nebulizer tightly between their lips and inhale deeply. 
\Vith a noseclip and mouthpiece in place, the subject controlled 
breathing with a flow indicator (an LED screen) so that the 
inspiratory flow rate of each breath reached hut did not exceed :30 
Wmin. Inhalation was followed hy normal exhalation. Exhaled 
Bet liposomes were captured using a filter (IIucison; Temecula, 
Calif). This inspiration prt~cedure was repeated 20 times accord- 
ing to the subject’s own inspiratory cycle with no holding of 
breath hehveen inhalations. Nehulization was practiced by each 
subject with saline solution before the experiment began. 

In addition, spirometric measurements (Vitdograf; Bucking- 
ham, UK) were performed before inhalation of the Bee-DLPC 
suspension. At least three technidly correct maneuvers for 
forced maximal expiratory flow-volume curves were perfonnec~ 
and the curve with the greatest sum of FEV, and FVC was 
utilized in obtaining data for the patient’s characteristics. 

Immediately after inhalation, anterior anti posterior \i;iews of 
the lungs and an anterior view of the oropharynx were measured 
with the patient in a supine position by a large field gamma 
camera (GE; CamStar XR/T; Waukesha, 1t’is) equipped with a 
low-energy high-resolution parallel collimator. To evaluate the 
mucmciliary clearance of the inhaled lipmanes, scans were 
repeated 1, 2,4, and 24 h after the aerosol delivery. In addition, 
a posterior ventilation scan was obtained after the liposcme study 
hy inhaling noble gas ‘““Xe with a radioactive dose of 460 MBq 
(12.5 mCi). All images were stored on cunnputer (Hermes; 
Nuclear Diagnostics; IIGgersten, Sweden) for suhsecluent data 
analysis. The gamma camera pictures, with different imaging 
points, are illustrated in Figure 1. 

la3Xe posterior images were used when regions of interest 
(WI) were drawn mmually around central (C) and peripheral 
(P) lung zones. ROIs were subsequently superimposed on each 
liposome aerosol view, enabling the quantity of aerosol close in 
each of the zones to he detenninecl. Each image was aligned 
manually, ie, each lung view was moved to adapt to the super- 
imposed ROIs. The lungs were thviclecl into inner and outer 
region, with the inner zone encompassing :33% (~2%) and outer 
the rest of the total lung area .11.15 Lung distribution of the 
liposcme aerosol was described as the ratio between C and P lung 
areas (CYP ratio) and the total lung clearance cmve as a plot of the 
percentage of initial lung burden vs time after inhalation. Addi- 
ticd.ly, ROIs were drawn around the oropharynx, the chest, and 
the abdomen (Fig 2). Total counts, measured from the orophar- 
~TIX and body regions, represented the total combined amount of 
radioactivity of the subject. 

The number of counts and pixels in each ROI was measured 
and saved on a file of the computer (IIennes). Subsequently, the 
data were transferred cia a local area network to a personal 
mnputer and analyzed with a program specially made for this 
study. Counts from the anterior and posterior views of the lungs 
were combined by taking geometric mean values. The camera- 
to-patient distance was standardized hy placing the collimator 
close to the chest for the anterior view and in contact with the 
imaging bed for the posterior view. &metric mean counts were 
corrected for the room’s backgrouncf--measured separately from 
each image-and for radioactive decay. 

4 24 h 
FICUHE 1. Anterior chest scintigraphs of a patient with mild asthma and a patient with severe asthma 
at 0, 1, 2, 4, and 24 h following ‘“‘“‘Tc-labeled BeeDLPC liposcnne aerosol. The images are 
corrected for background and physical decay. 
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Head 

Chest 

FICUW 2. ROIs manually drawn around the ore 
region, C and P lung zones in both lungs and 

harynx, body 
the ackground. ?I 

An approximate tissue ahsorption correction was carried out by 
using the method described by Macey and Marshall.lE Briefly 
stated, prior to the liposome study, individual transmission 
images of each subject’s oropharynx and lung region were taken 
using a flat radiation source and keeping the imaging gmmetry 
similar both in transmission and ventilation scans. This transmis- 
sion method was used to correct the in&dud emission cmmts 
remrded with the gamna camera. 

Radioactivity in the nebulizer reservoir was measured before 
and after inhalation with a dose calibrator (Capintec; Ramsey, 
NJ). In addition, the filter collecting exhaled liposomes was 
measured. Mean activity was calculated to be 19 MBq in the 
lungs and 25 MBq in the whole body. 

Statisticd Analysis 

An unpaired t test was used to study differences between the 
asthma groups at the baseline and after 24 h. For gamma canera 
measurements, consis?ing of repeated observations within the 
study day, analysis of variance for repeated measurements was 
applied to study between-group differences, changes during the 
rec.ding period and interaction between gr’oups and reuding 
periods. 

mSULTS 

There were no differences in the demographic 
data between the two groups of asthmatic patients as 
demonstrated in Table 1. The mean values of FEV, 

as percentages of the predicted values were 47.6 
(SD, 16.0) and 90.1 (SD, 6.7) for patients with miId 
and severe asthma, respectively (Tahie 1). 

ITLC was done after every labeling process of 
liposomes. ITLC analysis showed a significantly high 
Iabeling efficiency (97 to 99%). 

The regional deposition pattern of WmT~ Bec- 
DLPC liposomes is demonstrated in Figure 1. In 
patients with mild asthma, there was a uniform 
distribution of counts within the C and P lung fields. 
In contrast, in patients with severe asthma, there was 
an asymmetric distribution of increased numbers of 
counts associated with central airways. 

Fractional distribution patterns of ‘31)n’T~ Bec- 
DLPC Iiposomes after inhalation in patients with 
mild and severe asthma are seen in Figure 3. The 
percentage of the delivered dose deposited in the 
lungs in patients with severe asthma (68%) was 
similar to that of patients with mild asthma (66%). 
The combined values of oropharyngeal and GI de- 
position in both groups were very similar, being 29% 
and 23%, respectively. 

Figure 4 shows a progressive clearance of W”lTc 
Bet-DLPC in both groups during the 24-h period. 
However, clearance is more rapid among patients 
with severe asthma (pCO.0001). At the 4-h measure- 
ment, a mean of 82% (SD, 5.9) of the total pulmo- 
nary dose was detected in the Iungs of patients with 
mild asthma, while in patients with severe asthma, 
the figure was 69% (SD, 10.9). 

After 24 h, 72% and 54% of the initial Iiposome 
dose was still detected in the whoIe lung area, 
respectiveIy. During the entire 24-h follow-up, nei- 
ther group reached 50% of the initial lung dose. 

Kesults concerning regional pulmonary deposition 
are given in Figure 5. Immediately after Iiposome 
inhalation, the ratio between C and P deposition 

Cl Mild asthma 

n Severe asthma 

lungs Cl-tract filter 

FICUHE 3. Fractional distribution (pa-oat) of ‘E”‘Tc delivered 
from the Aerotech II nebulizer following inhalation of Bec- 
DLPC l@some amod. 
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FICUKE 4. Clearance of ‘nf”‘Tc from the lungs of‘xatients with 
mild and severe asthma following inhalation of * “‘Tc-labeled 
Bee-DLPC liposome aerosol. 

(C/P ratio) in patients with severe asthma was signif- 
icantly higher than in those having a mild form of the 
disease: 1.07 (SD, 0.29) and 0.76 (SD, 0.07), respec- 
tively (p=O.OOS). Thereafter, only a slight decline in 
the difference was found during the follow-up period 
whiIe retaining the marked significance between the 
two groups at 24 h, 0.76 (SD, 0.17) vs 0.67 (SD, O.Of;> 
(p<O.OOl). 

Adi;eme Effects 

The only adverse effect detected was nausea in 
two patients with severe asthma immediately after 
inhalation of Bee-DLPC liposomes. Another patient 
experienced mild vomiting a few minutes after Iipo- 
some inhalation. 
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FICUHE Fj. C’YP ratio as a function of time in mild and severe 
asthma following inhalation of “!‘“‘Tc-labeled BeeDLPC lipo- 
some aerosol. 

l>ISCUSSION 

Inhaled Iiposome corticosteroids are expected to 
be a major next step in the development of inhaled 
anti-inflammatory asthma therapy. Novel com- 
pounds have recently advanced to phase III clinical 
trials, and this therapy may be registered for routine 
asthma treatment by the end of the miliennium. 

To our knowledge, the present study was the first 
to study liposome-corticosteroid airway deposition 
and clearance in asthmatic patients. By using a 
computer model, Waldrep et al9 previously esti- 
mated that Bet-DLPC Iiposome deposition would 
be greatest in th e 1 ung periphery, with less predict- 
able deposition in the upper areas of the respiratory 
tract. This hypothesis was now confirmed in our 
study among asthmatic patients showing a high total 
pulmonary deposition of inhaled liposomes (66 to 
68% of the delivered dose), whereas the mouth aand 
throat retention in both groups was low. These data 
are in accordance with the results of Uahlstrom and 
Larsson,iT who showed in normal subjects that on 
average, 64% of a nebulized liposome-free budes- 
onide suspension (Pulmicort Turbuhaler; Astra USA; 
\Vestborough, Mass) with an MMAD of 3 pm could 
be inhaled into the lungs. Furthermore, by relating 
the pulmonary deposition to the nominal dose 
( =dose placed into the reservoir), on average, 15% 
was deposited into the whole lung area. These results 
are similar to previousIy obtained data by Vidgren et 
al6 concerning Bet-DLPC hposomes (17%, MMAD 
2.1 pm) in healthy volunteers. Thus, when compar- 
ing the numeric values presented in different depo- 
sition study reports, it is important to characterize 
not only the patient population, drug delivery sys- 
tem, and mode of inhalation, but also the basis for 
percentile calculations of pulmonary deposition 
(nominal/delivered dose). 

In our study, the (Aerotech II) jet nebulizer we 
used was chosen for liposome delivery because it 
produces aerosols likeiy to result in the alveolar 
deposition of inhaled liposomes (MMAD approxi- 
mately 2 pm). In addition, the slow inspiratory 
airflow was used to minimize impaction in the upper 
parts of the respiratory tract. It has been stated that 
with radioaerosols, the magnitude of bronchiaI ob- 
struction is a determinant of aerosol distribution 
within the lungs of patients with asthma, and that 
increased bronchiaI obstruction enhances central 
airway deposition of inhaled particles.lH It has also 
been shown that FEV, predicts, to a high degree, the 
penetration of the peripheral zone of the lungs, 
where a lower FEV, is associated with less periph- 
eral penetration. 19 Accordingly, in mild asthma, the 
distribution of pulmonary deposition is more central- 
ized than among normal subjects”“*“’ whiIe in pa- 
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tients with severe asthma, it is even more proximal. 
Nonuniform deposition in lung scans of patients with 
severe asthma represents the asymmetric nature of 
disease and subsequent narrowed airways as similarly 
noted for patients with bronchiolitis obliterans.“” 
The results of our study correspond well with previ- 
ously published data. 

In previous studies, the clearance of original Iipo- 
some-associated W’nTc has proved to be strikingly 
slow.~~~a~“4 Vidgren et aI” observed the cIearance of 
%“‘Tc Bet-DLPC of healthy volunteers. After 3 h, 
93% of the original dose was stiI1 detected in the 
lungs. In a similar study, Far-r et aI23 measured 
deposition and clearance of dipalmitoylphosphatidyl- 
choline (DPPC) liposome aerosol after inhalation by 
normal volunteers, Subjects were monitored for 6 h 
after inhalation and 88% of inhaled radioactivity was 
still present in the Iungs. Barker et a1,24 have recently 
studied liposome (DPPC) entrapped WJ’Tc-DTPA 
and demonstrated that approximately 45% of origi- 
nally deposited radioactivity remained in the lungs 
after 24 h. This represented the fraction of the 
radiolabel remaining intact on alveolar-deposited 
vesicles, since free W”‘Tc-I>TPA was moved from the 
airways with the half-life of 75 min. 

In our study, the clearance of original liposome- 
associated W”lTc was strikingIy slow and the clear- 
ance kinetics were similar in both groups of asthmatic 
patients. However, due to the more peripheral pen- 
etration of inhaled liposomes in patients with miId 
asthma, the ciearance rate was somewhat slower than 
among those with severe asthma. 

Impaired mucociliary clearance in asthma has 
been detailed in various studies.20~21,Z5-2i However, 
in our data, the clearance of Bet-DLPC Iiposomes 
was faster among patients with severe asthma than 
among patients with mild asthma. This difference is 
likely due to the site of the deposition of Iiposome 
vesicles in the respiratory tract. The significantly 
higher C/P ratio immediately after inhaIation in 
patients with severe asthma indicates both a greater 
degree of cent&y deposited liposome vesicles and 
of Iiposomes cleared through mucociliary escalation. 
In patients with mild asthma, a greater portion of the 
inhaled liposome aerosol penetrated into the alveolar 
region, where removal of the particIes by absorption 
and phagocytosis of the macrophages is markedly 
slower. 

Two patients with severe asthma feIt nausea im- 
mediately after inhalation of Bet-DLPC liposomes. 
The clinical impression was that both patients hyper- 
ventilated during inhalation and the occurred side 
effects were due to the exhaustion from the inhaIa- 
tion. In previous studies with the similar Bet-DLPC 
concentration, no adverse effects were reported.“,7 

As mentioned above, there are great expectations 
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for the future regarding inhaled liposome corticoste- 
roids in asthma therapy. They might permit once 
daily or even more infrequent steroid inhalation, 
while yielding fewer local and systemic side effects 
and better patient compliance. Today, however, 
rather limited information concerning the retention 
of the steroid in the Iiposome matrix in lower airways 
exists. A key issue is the lipophilic properties of the 
steroid component, which directly relates to the 
retention of the steroid in the Iiposome matrix of the 
complex. In the present study, we radiolabeled onIy 
the phospholipid part of the compIex. Therefore, one 
must interpret with caution the present data with 
regard to treatment. 

In conchrsion, the radioisotope method enables 
the study of the deposition and clearance of inhaled 
liposome preparations for various respiratory disor- 
ders. In this study, impaired pulmonary function led 
to a more centralized deposition of aerosohzed cor- 
ticosteroid liposomes and, as a consequence of mu- 
cociliary escalation, faster pulmonary clearance of 
the inhaled Iiposomes. 
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Nocturnal Cortisol Secretion in 
Asthmatic Patients After Inhalation of 
Fluticasone Propionate* 
Paltiel Weiner, MD; Non Berar-Yanay, MD; Aui Daz;idoz;ich, MD; and 
Rnsmi Magadle, MD 

Objectives: This study was designed to assess the relationship between the degree of airflow 
obstruction and the suppression of the hypothalamic-pituitary-adrenal axis after inhalation of 
fluticasone propionate (FP) in asthmatic patients with varying degrees of airway obstruction. 
Study design: The nocturnal cortisol production (from 1O:OO PM to 6:00 AM), defined as the 
integrated area under the curve of nocturnal plasma cortisol, was measured following inhalation 
of a placebo or a single dose of 500 pg FP at 8:00 PM in 28 patients with mild to moderate asthma, 
in a single, blind, %night study. 
ResuZts: The mean morning rise of cortisol decreased significantly following a single dose of 
inhaled FP. When the total nocturnal cortisol production after the second night (when the FP was 
inhaled) was compared to that after the first night (when the placebo was administered), it was 
found to have decreased by 29.4%. There was a statistically significant correlation between the 
FEVl and the fall in cortisol production just before the inhalation of FP (p < 0.001). There was 
no correlation between baseline cortisol production and the fall in cortisol production. 
Conclusions: Our findings suggest that the degree of airway obstruction affects the systemic 
bioavailability of FP. FP is likely to induce a more severe decrease in nocturnal cortisol secretion 
in less obstructed patients. In order to reduce the risk for systemic side effects, the patient’s 
degree of airway obstruction should be considered when planning inhaled FP treatment. 

(CHEST 1999; 116:931-934) 

Key words: airway obstruction; asthma; inhaled glucocorticoids 

Abbreviations: AUCXh = the integrated area under the curve of nocturnal plaslna cortisol; FP = flutiasone 
propionate; IIPAA = hypothallunic-pit~~itary-adrenal axis; ICC = inhaled glucocun-ticoitls 

I nhaled glucocorticoids (IGC) are highly effica- 
cious in the treatment of asthma1 but some 

questions about this treatment modality remain unan- 
swered, such as the potential for growth suppression in 
children and the potential for adrenaI suppression and 
osteoporosis in both children and adults. 

Certain data suggest a possible dose-response 
reIationship with regard to IGC therapy.h5 These 
studies have shown that dose-dependent suppression 
of the hypothalamic-pituitary-adrenal axis (HPAA) 
occurs in heakhy volunteers and in asthmatic pa- 
tients even following a single-dose inhalation of IGC. 

Systemic bioavailability of IGC is mainly deter- 
mined by absorption of the drug across the lung 
vascular bed. 6,7 Consequently, Iung deposition and 

*From the Departlnent of Meclicine A, II&l-Y&e Medical 
Center, IIathra, Israel. 
Manuscript received Septenkr 14, 1998; revision xcupted May 
5, 1999. 
Cor~e.sporu~~e to: Paltiel ?Veiner, LAID, Dqw-tment of -Medicine 
A, Hillel-Yafle ~Medic:crl Cm ter, H~K.!u-tr, h-d 38100 

systemic bioavailability might be altered by the 
narrowed ai~ay caliber in patients with asthma. 
Peripheral lung deposition has been found to be 
significantly higher in normal subjects than in asth- 

For editorial comment see page 854 

matics inhaling salmeterol.8 We hypothesized that the 
degree of HPAA suppression in asthmatic patients is 
inversely related to the degree of airflow obstruction 
folIowing the inhaIation of corticosteroids. 

MATERIALS AND METHODS 

Pfdients 

Twenty-eight patients with lnild to nxderate asthma were 
studied. The patients satisfied the hnerican Thorxk Sockty 
tlefinition of asthma, with sylnptolns of episodic wheezing, cough, 
and shortness of breath responding to hronchoclilators, and 
reversible airflow obstruction &xznnented in at least one previ- 
ous puhnonary function study. H Patients who received oral or 
inhaled cxxticosteroi& in the last 3 months were excluded frown 
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the study. All patients were on rescue treatment with &-agonists 
only. The patients were not allowed to use &-agonists I2 h 
before entering the study and during the study. The character- 
istics of the patients are summuized in Table 1. The study WAS 
approved hy the institutional committee on human research, and 
infonnecl consent was ohtaikl from all patients. 

Study Design 

This study was designed as a single, blind, El-night study in 
which, during the first night, the baseline integrated area m&r 
the curve (AUCXh) of nocturnal plasma cortisol was masured 
following the achninistation of the placebo using an inhaler 
(Diskhder; Glaxo 1Vdlcmne Croup; Uxbriclge, Middlesex, UK), 
and during the second night, AUCXh was measured following 
inhalation of a single dose of Tjo() pg of fluticasme propionate 
(FP) hy way of an inhaler (Diskhder; Glaxo ~V&ome Croup). 
The patients were instructed to hold the inhaler away from their 
mouths, to exhale as far as they could, to inhale through the 
mouthpiece steadily and as deep as they could, and to hold their 
breath as long as possible. On each night, pulmonary function 
tests were performed fdlowing insertion of an in&ding cannula 
into a forearm vein in order to ensure venous access during the 
night without disturbing sleep. A single evening close of an 
inhaled pkebo (clay 1) or FP (day 2) was administered at 830 
PM, and hloocl samples for cortisol were taken every hour from l():()() PM to 6:()() AM. 

The FP and the placeho were athninisterecl using a stanclml 
inhaler with 500 pg per inhalation. Before enrollment, all 
participants were instructed carefully on the use of the inhaler. 

Tests 

Spiromety: The FVC and the FEV, were measured three 
times on a computerized spirometer (Gmpact; Vitalograph; 
Buckinghan, UK), and the best trial is reported. SpirometIywas 
performed just before the inldation of either the placebo or the 
FP. Cortisol was measured using an automated system hasecl on 

solid-phase chemilmninescutnt immunoassay 
YIMMULJTE system; Diagnostic Proclu~~~~)~ Angeles, CA). 

Dutcr Andysis 

The ntdurnal cortisol production was caldated as the area 
under the curve using Simpson’s rule for data points spa& 
equidistantly. 

Table L-Patient Characteristics* 

Characteristics 

Patients 
Age. )I 

MWlIl 
Range 

SC$X 

Femde 
M& 

Ahthmu severity 
Mild 
Moderate 

Smokers 
Nonsnlokers 
Mean FE\‘, % predicted, L 

Before plaub 
Before FP 

*Data are expressed as No. unless othenvise indicated. 

Data. 

28 

32 
18-43 

12 
16 

11 
17 
2 

26 

73.4 
71.3 

932 

To compare the results obtained the night the pkeho was USA to the results obtained the night the active dnlg was used, 
the percent changes of cortisol production were analyzed using 
the Mann-Whitney CT test. 

FEY, ranged from 42 to 96% of predicted normal 
values (mean 5 SEM, 71.3 t 2.9%) before the ad- 
ministration of FP. These data did not differ from 
the results obtained just before the inhalation of the 
placebo during the beginning of the first night. 

The mean cortisol levels during the 2 nights of the 
study are displayed in Figure 1. A single dose of 
inhaled FP from the second night had a considerable 
effect on the early morning rise of cortisol secretion. 
When the nocturnal cortisol production after the 
second night was compared to that after the first 
night (when the placebo was administered), the total 
nocturnal cortisol production, calculated as AUC8h, 
was found to have significantly reduced by 29.4%. 
The individual changes in the nocturnal cortisol 
production are shown in Figure 2. There was a 
statistically significant correlation between the FEV, 
measured just before the inhalation of FP and the 
fall in cortisol production (p < 0.001; Fig 3). There 
was no correlation between the FEV, prior to the 
placebo and baseline cortisol production (as expressed 
by the AUC8h during the fist night) or between the 
baseline cortiso1 production and the decrease in cortisol 
production during the second night. 

DISCUSSION 

This study has shown that in asthmatic patients, a 
single inhaIation of FP causes a significant reduction 
in nocturnal AUCSh plasma cortisoI. This reduction 

18 
16 
14 
12- 
10. 

8 
6 
4 

FICUHE 1. Mean + SEM blcmd cortisol concentrations during 
the 2 nights of the study: clay 1 when the lacu3bo was achninis- 
tered and day 2 when ,500 pg FP was inhs s ed at 830 PY. 
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was inversely correlated with the patient’s airway 
obstruction. The data suggest that there is a dose- 
response relationship with regard to the efficacy of 
IGC, at least in terms of conventional dosing regi- 
mens.eJJ) IGC are generally regarded as safe at low 
doses. However, higher doses may not be without 
risk of toxicity. Growth retardation,ir-1” dose-depen- 
dent suppression of the HPAA,“J” adrenal insuffi- 
ciency after discontinuation of chronic therapy,“J” 
and abnormal effects on bone formation,19 bone 
tumover,20 and bone density”1 have recently been 
reported. 

It is likely that higher doses of IGC pose a greater 
risk for adrenal suppression; unfortunately, the doses 

60 
R2 = 0.865 
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FICUHE 3. The wrrelation between the FE\‘, just 
inhalation of FP and the fall in cortisol production. 

before the 

at which the risk for adrenal suppression outweigh 
the beneficial effects of the drug are not known. 

Systemic bioavailability of inhaled drugs may arise 
from absorption through the GI tract or the lung. 
AIthough buccal absorption of IGC is limited by the 
small absorptive surface area, a high degree of lipid 
solubility may enhance buccal absorption. Therefore, 
mouth rinsing folIowing inhalation may reduce oral 
bioavailability. ~23 IGC absorbed from the intestine 
undergo an extensive degree of first-pass hepatic 
metabolism. While beclomethasone dipropionate 
may be transformed to active metabolites, the first- 
pass metabolism of the newer ICC, FP and budes- 
onide, is 99% and 89%, respectively,z4,“5 with no 
known biotransformation to an active metabohte. 

On the basis of this data, it can be inferred that the 
systemic bioavailability of IGC is mainly determined 
by the absorption across the lung vascular bed. 
Therefore, lung deposition would be expected to 
determine the systemic absorption and adverse ef- 
fects of the drugs. Lung deposition of inhaled drugs 
depends on the delivery system used,” the dose,iT”’ 
and, potentially, the degree of airflow obstruction. 
Melchor and associates8 found that Iung deposition 
of inhaled salbutamol was sign&cantly higher in 
normal subjects than in patients with airflow obstruc- 
tion, whatever the delivery system. Mean baseline 
FEV, was about ,50% of predicted normal values, 
and lung deposition of the drug was about 75% of the 
amount of lung deposition in normal subjects. In 
other studies,‘“,“7 significant airflow obstruction 
(mean FEV, = 56% of predicted normal values) WAS 
associated with an approximately 50% difference in 
peak plasma fenoterol concentration foIlowing drug 
inhalation (1.6 ng/mL vs 3.1 ng/mL). 

Although increasing the steroid dose for patients 
with asthma is presumed to be associated with 
greater clinical efficacy and with higher incidence of 
systemic effects, clinically relevant dose-response 
relationships are difficult to prove. Some studies 
have shown a shallow dose-response reIation- 
ship.“-‘u) On the other hand, greater incremental 
changes in efficacy variables at higher doses of ICC 
were reported by others. ~1 It is suggested, there- 
fore, that the dose of IGC required to achieve 
optimal asthma control varies among patients, due to 
variations in tissue sensitivity to ICC, the severity of 
the underlying disease, and, as a Iogical assumption 
from the present study (at least for FP), its relation to 
the degree of airflow obstruction. 

The clinical significance of our short-term obser- 
vation of the effect of FP on the HPAA is unclear 
and should be elucidated in long-term studies. The 
correlation of such an observation with the systemic 
side effects of ICC is not c1ea.r. Other IGC should 
also be investigated. In addition, it should be noted 
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that although our data may not represent total 
coxtisol secretion, it may represent a delay in the 
peak cortisol secretion because we measured only 
overnight cortisol secretion until 6:oO AM. Because 
peak cortisol secretion occurs between 4:OO AM and 
8:OO AM, optimally, the study should have continued 
until 9:oO AM or been conducted over an entire 24-h 
period. 

Guidelines on asthma treatment generally recom- 
mend the administration of the lowest dose of IGC 
compatible with asthma control. It is known in 
general clinical practice that improved asthma con- 
troI can be achieved by increasing the dose of IGC. 
Further studies are needed to quantify lung bioavail- 
ability of FP and other IGC in order to allow the 
clinician to optimize asthma control with the lowest 
risk for systemic adverse effects. 
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LONG-TERM EFFECTS OF BUDESONIDE OR NEDOCROMIL 
IN CHILDREN WITH ASTHMA 

THE CHILDHOOD ASTHMA MANAGEMENT PROGRAM RESEARCH GROUP* 

ABSTRACT 
Bachgrolcnd Antiinflammatory therapies, such as 

inhaled corticosteroids or nedocromil, are recom- 
mended for children with asthma, although there is 
limited information on their long-term use. 

Methods We randomly assigned 1041 children from 
5 through 12 years of age with mild-to-moderate 
asthma to receive 200 pg of budesonide (311 chil- 
dren), 8 mg of nedocromil (312 children), or placebo 
(418 children) twice daily. We treated the participants 
for four to six years. All children used albuterol for 
asthma symptoms. 

Rerz& There was no significant difference be- 
tween either treatment and placebo in the primary out- 
come, the degree of change in the forced expiratory 
volume in one second (FEV,, expressed as a percent- 
age of the predicted value) after the administration of 
a bronchodilator. As compared with the children as- 
signed to placebo, the children assigned to receive bu- 
desonide had a significantly smaller decline in the ratio 
of FEV, to forced vital capacity (FVC, expressed as a 
percentage) before the administration of a bronchodi- 
lator (decline in FEV,:FVC, 0.2 percent vs. 1.8 percent). 
The children given budesonide also had lower airway 
responsiveness to methacholine, fewer hospitaliza- 
tions (2.5 vs. 4.4 per 100 person-years), fewer urgent 
visits to a caregiver (12 vs. 22 per 100 person-years), 
greater reduction in the need for albuterol for symp- 
toms, fewer courses of prednisone, and a smaller 
percentage of days on which additional asthma med- 
ications were needed. As compared with placebo, ne- 
docromil significantly reduced urgent care visits (16 
vs. 22 per 100 person-years) and courses of predni- 
sone. The mean increase in height in the budesonide 
group was 1.1 cm less than in the placebo group (22.7 
vs. 23.8 cm, P=O.O05); this difference was evident 
mostly within the first year. The height increase was 
similar in the nedocromil and placebo groups. 

Cuncfz&ms In children with mild-to-moderate asth- 
ma, neither budesonide nor nedocromil is better than 
placebo in terms of lung function, but inhaled budes- 
onide improves airway responsiveness and provides 
better control of asthma than placebo or nedocromil. 
The side effects of budesonide are limited to a small, 
transient reduction in growth velocity. (N Engl J Med 
2000;343:1054-63.) 
02000. Massachusetts Medical Society. 
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A STHMA is a disease of chronic airway 
inflammation characterized by reversible 
airway obstruction and increased airway 
responsiveness. 1-3 Recent studies have dem- 

onstrated that asthma can be associated with impaired 
lung growth during childhood and with a progres- 
sive decline in pulmonary function in adulthood.4-11 
Clinical practice guidelines recommend antiinflam- 
matory medication for the long-term control of per- 
sistent asthma; treatment with inhaled corticosteroids 
or nedocromil is recommended for children.lJ 

The Childhood Asthma Management Program was 
designed to evaluate whether continuous, long- term 
treatment (over a period of four to six years) with ei- 
ther an inhaled corticosteroid (budesonide) or an in- 
haled noncorticosteroid drug (nedocromil) safely pro- 
duces an improvement in lung growth as compared 
with treatment for symptoms only (with albuterol and, 
if necessary, prednisone, administered as needed) .12 
The primary outcome in the study was lung growth, 
as assessed by the change in forced expiratory volume 
in one second (FEV,, expressed as a percentage of the 
predicted value) after the administration of a broncho- 
dilator. Secondary outcomes included the degree of 
airway responsiveness, morbidity, physical growth, and 
psychological development. 

METHODS 
The design and methods of the research program have been 

described previously.7.12-15 

Screening and Schedule of Visits 
Between December 1993 and September 1995, we enrolled 

1041 children f&m 5 through 12 years of age at eight clinical cen- 
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tcrs. The children had mild-to-moderate asthma, as defined by &X 
presence of symptoms or by the USC of an inhaled bronchodilator 
at least twice weekly or the use of daily medication for asthma. 
The children’s airway responsiveness to mcthacholinc, as indicat- 
cd by the concentration of the drug that caused a 20 percent de- 
crease in the FEV,, was 12.5 mg per milliliter or less. They had 
no other clinically significant conditions.i* The children’s parents or 
guardians signed an informed-consent form approved by the local 
institutional review board. Follow-up visits occurred two and four 
months after randomization and at four-month intervals thereaf- 
ter. From March through June 1999 (the end of the treatment 
period), the children discontinued the study medication and re- 
turned two to four months later for spirometry and mcthacholinc 
challenge. Children who had been using additional medications 
because of inadequate control of asthma continued to USC those 
medications. 

Treatment 

Three hundred eleven children were randomly assigned to re- 
ceive budesonide (Pulmicort, AsuaZeneca, Westborough, Mass.) 
(200 pg twice daily, delivered by two 100~pg actuations of a breath- 
actuated metered-dose inhaler [Turbuhaler, AstraZcneca]), and 208 
were assigned to receive a matching placebo. Three hundred twelve 
children were assigned to receive nedocromil sodium (8 mg twice 
daily, delivered by four 2-mg actuations of a pressurized metered- 
dose inhaler [Tiiade, Rhonc-Poulenc Rarer, Collegeville, Pa.]), and 
210 were assigned to receive a matching placebo. Assignments were 
made by permuted-blocks randomization with stratification accord- 
ing to clinic.16 The total daily doses of budesonide (400 a) and ne- 
docromil (16 mg) were administered as two equal daily doses to 
maximize adherence to the treatment regimen,i7-*a and adherence 
was also promoted by an educational programis Albuterol (Ven- 
tolin, Glaxo Wellcome, Research Triangle Park, N.C.), delivered 
by two 90-pg actuations of a pressurized metered-dose inhaler, 
was used as needed for symptoms of asthma or to prevent exer- 
cise-induced bronchospasm. 12 A written action plan guided rescue 
treatment.ia~is Short courses of oral prednisone were prescribed for 
exacerbations of asthma.12 The addition of beclomethasone dipropi- 
onate (168 pg twice daily; Vanceril, Schering-Plough, Kenilworth, 
N.J.) to the study medication was allowed if the control of asthma 
was inadequate. If control remained unsatisfactory, replacement or 
addition of medications was allowed. To account for remission, it 
was permissible to taper the study medication to a dose of zero (by 
stepwise reductions from 100 percent to 50 percent to zero), ac- 
cording to defined procedures.i* Algorithms guided the resump- 
tion of the full dose of the study mcdication.i2 

Outcome Measures 

Spirometry was performed twice yearly, with measurements 
obtained both before and after the administration of a broncho- 
dilator.712 A methacholine challenge was performed annually.i* 
Methacholine challenge was not performed within 28 days of an 
upper respiratory tract infection or the use of prednisone for ex- 
acerbations of asthma. 

The children (or their parents or guardians) completed a diary 
card each day that recorded night awakenings due to asthma, 
morning and evening peak flows as measured by a peak-flow meter 
(Assess, HealthScan Products, Cedar Grove, N.J.), use of study 
medication, use of albuterol for symptoms and to prevent exercisc- 
induced bronchospasm, USC of prcdnisone, absences from school 
due to asthma, visits to a physician’s office or hospital because of 
asthma, and severity of symptoms.12 

The children’s height (measured by Harpenden stadiomcter) and 
weight were recorded at every visit; the total bone mineral density 
of the spine from Ll to L4 and the Tanner stage of sexual devcl- 
opmcnt (assessed on the basis of the development of pubic hair, 
genitals [in boys] or breasts [in girls], and testicular volume, each 
scored from 1 [preadolescent characteristics] to 5 [adult charactcr- 
istics]) were assessed annually. ia Skeletal maturation (bone age) 
during the last eight months of follow-up was determined at a 

central reading center by evaluation of a radiograph of the left 
wrist and hand by the method of Greulich and Pyle*i and was used 
to estimate the projected final height.** Psychological development 
was assessed with four neurocognitivc tests administered at base line 
and three years later, and by eight psychosocial questionnaires com- 
pleted at base line and during annual visits.i* Psychosocial qucstion- 
naires included the Children’s Depression Inventory,*3 a 27-item 
questionnaire completed by the child with regard to the pymptoms 
of depression. The total score for this scale ranges from 0 to 54, 
with higher scores indicating greater depression. Skin-prick test- 
ing, with a core battery of 10 allergens and several locally relevant 
allergens, was performed at base line and four years later.i*~i* 

Anterior and posterior images of the lens of the eye, taken with 
a digital retroluminescent camera (Neitz Cataract Screener CT-S, 
Neitz Instruments, Tokyo) during the last eight months of follow- 
up, were examined for posterior subcapsular cataracts at a central 
reading center.** 

Statistical Analysis 
Our study had 90 percent power to detect a difference of 3.5 

percent between either treatment group and the placebo group in 
the mean change in the FM,, expressed as a percentage of the 
predicted value, after the administration of a bronchodilator, &cr 
four to six years of treatment .ia Data from the two placebo groups 
were pooled after we determined that the childrcn in the two groups 
were similar with respect to base-line characteristics and outcomes. 
Each participant was included in his or her assigned study group, 
regardless of any adjustments of treatment (intention-to-a-eat analy- 
sis). The degree of change in an outcome measure was determined 
by subtracting the base-line measurement from the measurement 
obtained at the last follow-up visit during the treatment period. 
The difference between each treatment group and the placebo 
group in each measure of change was determined with use of mul- 
tiple regrcssion,25 with the change in the measure as the response 
variable, two indicator variables for the treatment groups, and the 
following eight covariates: the base-line value of the outcome meas- 
ure, the child’s age at randomization, race (two indicator variables), 
sex, clinic (seven indicator variables), duration of asthma at base 
line, severity of asthma at base line, and skin-test reactivity at base 
line (any reactivity vs. none). The adjusted mean change in each 
outcome measure in each study group was computed from the 
regression model by the use of mean values for all covariates.” 
Kaplan-Meier estimates of cumulative probability and log-rank 
tests27 were used to evaluate the time to the first course of pred- 
nisone and the time to the initiation of therapy with bcclometh- 
asone or any other nonassigned medication for asthma in each 
treatment group. All analyses were performed with SAS software 
(version 6.12, SAS Institute, Cat-y, N.C.). The I? values presented 
are two-sided and have not been adjusted for multiple comparisons. 
Interim monitoring of results by a data and safety monitoring board 
took place semiannually; statistical guidelines for stopping the study 
were not t&d. In the comparisons among the study groups we used 
regression models to adjust for small imbalances in base-line meas- 
ures; however, unadjusted analyses for all outcome measures yield- 
ed qualitatively similar results. 

RESULTS 
Study Population 

The three study groups were similar at base line, 
except for a slightly higher proportion of boys in the 
nedocromil group (Table 1). The duration of follow- 
up was similar in all the study groups, with a mean of 
4.3 years (Table 2). 

Measures of Pulmonary Function 

Budesonide treatment improved the FEV, afier the 
administration of a bronchodilator from a mean of 
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TABLE 1. CHARACTFNSTICS OF THE PATIENTS AT BASE LINE.* 

CHARAeTERlsnct 
Age - yr 
Race or ethnic group - no. (%) 

Non-Hispanic white 
Non-Hispanic black 
Hispanic 
Other 

sex - no. (%)$ 
Female 
Male 

Age at onset of asthma - yr 
Tic since diagnosis of asthma - yr 
Treatments in 6 mo before enrollment - no. 

of patients (%) 
Cromoiyn or ncdocromii 
Inhaled corticostcroid 
Oral corticosteroid 

Severity of asthma - no. (%) 
Moderate 
Mild 

Hospitalizations for asthma in year before cnroll- 
mcnt - no./100 person-yr 

Recordings on daily diary card 
Episode-f& days - no./moJ 
Use of albuterol for symptoms - pufi/wk 
Night awakenings - no./mo 

FEV, before bronchodhator use - % of predicted 
FEV, a.t+er bronchodilator use - % of predicted 
Airway rcsponsivcncss to methacholinc 

Pm, PC,,) - mg/mli 
Height - percentile 

BUDESONIDE 
(N=311) 

NED~CROMIL 
(N=3121 

PLACEBO 
(N=41BI 

9.022.1 8.822.1 9.022.2 

201 (64.6) 
44 (14.1) 
32 (10.3) 
34 (10.9) 

218 (69.9) 
38 (12.2) 
29 (9.3) 
27 (8.7) 

292 (69.9) ’ 
56 (13.4) 
37 (8.9) 
33 (7.9) 

130 (41.8) 
181 (58.2) 

3.122.3 
5.222.6 

106 (34.0) 
206 (66.0) 

3.1~2.4 
5.022.7 

184 (44.0) 
234 (56.0) 

3.022.6 
4.922.7 

133 (42.8) 
126 (40.5) 
107 (34.4) 

148 (47.4) 
114 (36.5) 
94 (30.1) 

166 (53.4) 
145 (46.6) 

31 

161 (51.6) 
151 (48.4) 

29 

160 (38.3) 
150 (35.9) 
162 (38.8) 

216 (51.7) 
202 (48.3) 

31 

9.757.8 9.928.1 9.627.6 
10.4?9.8 10.559.8 10.259.6 

0.9’1.7 1.021.7 0.8~1.5 
93.6214.4 93.4514.5 94.2214.0 

103.2213.2 102.3212.7 103.3212.2 
1.1’3.3 1.223.3 1.123.3 

56.8228.0 56.0’28.7 55.3?28.8 

*Plus-minus values arc means ZSD. Not ali percentages add to 100, because of rounding or be- 
cause some children used more than one treatment before enrollment. 

tFEV, denotes the forced cxpiratory volume in one second, and FEV, PC,, the concentration of 
mcthacholinc that caused a 20 percent decrease in FEV,. 

$P value for homogeneity among groups = 0.02. 
$An episode-free day was defined as a day with no night awakenings, morning and evening peak 

flow a80 percent of personal best peak flow (determined by algorithmr*), no use of albutcrol for 
symptoms, no use of prcdnisonc, no absence from school or contact with a physician because of asth- 
ma symptoms, and no episode of wheezing, coughing, chest tightness, or shortness of breath. 

values are geometric means ?SD. 

103.2 percent of the predicted value to a mean of 
106.8 percent within two months, but this measure- 
ment gradually diminished to 103.8 percent by the end 
of the treatment period, at which point the change in 
the FEV, after bronchodilator use in the budesonide 
group was not significantly different from that in the 
placebo group (Table 3 and Fig. 1). The nedocromil 
group was similar to the placebo group in this meas- 
ure throughout the treatment period (Table 3 and 
Fig. 1). The ratio of the FEV, to the forced vital capac- 
ity (FVC, expressed as a percentage of the predicted 
value) after bronchodilator use was smaller at the end 
of the treatment period than at the start in all study 
groups; the decline in the budesonide group was less 
than that in the placebo group (1.0 percent vs. 1.7 
percent, P= 0.08) (Table 3 and Fig. 1). 

In patients treated with budesonide, FEV, before 

1 
the administration of a bronchodilator increased with- 
in two months and was signifkantly higher at the end 
of the treatment period than it was in those receiving 
placebo (P=O.O2); the nedocromil group was simi- 
lar to the placebo group with respect to this measure 
throughout the treatment period (Table 3 and Fig. 1). 
The FVC (expressed as a percentage of the predicted 
value) before bronchodilator use increased in all study 
groups. The increase in the nedocromil group was 
less than that in the placebo group (P = 0.02), where- 
as the increase in the budesonide group was similar to 
that in the placebo group (Table 3). The FW,:FVC 
ratio before bronchodilator use was smaller at the end 
of the treatment period than at the start in all three 
groups; the decline in the budesonide group was less 
than that in the placebo group (0.2 percent vs. 1.8 
percent, P=O.OOl) (Table 3 and Fig. 1). 

1056 l  October 12, 2000 



LONG-TERM EFFECTS OF BUDESONIDE OR NEDOCROMIL IN CHILDREN WITH ASTHMA 

TABLE 2. FOLLOW-UP, ASTHMA TREATMENT, AND MORBIDITY DURING THE TRLU.* 

EVENT 

Follow-up 
Duration of follow-up (yr) 
Percentage of scheduled visits completed 
Percentage of days with completed diary card 
Percentage of patients in whom primary outcome 

was measured 
hIhma treatment 
Percentage of days during which treatment was 

prescribed 
Budcsonidc, nedocromil, or placebo only 

Full dose 
Tapered to half dose 
Tapered to zero dose 

Bcclomcthasone or other asthma medications 
Percentage of days child reported to take prc- 

scribed dose of study mcdicationt 
Prcdnisonc course (no./100 person-yr)$ 
Morbidity 
Urgent care visits due to asthma (no./100 

person-yr)# 
Hospitalizations due to asthma (no./100 

pe=on-yr)S 
Fractures (no./100 person-yr)$ 
No. of cycs with posterior s&capsular cataracts§ 

BUWSONIOP NEDOCROMlL PLACEBO 
(N-311) (N=312) (N=418) P VALUE 

4.320.8 4.320.7 4.320.7 0.35 0.40 
95.2 95.2 95.1 0.94 0.92 
85.7 85.6 85.7 0.94 0.65 
98.4 98.4 98.3 0.94 0.94 

88.9 78.6 78.4 co.oo1 0.89 
3.4 3.3 2.3 0.05 0.03 
1.1 1.0 0.6 0.10 0.16 
6.6 17.1 18.7 -Co.001 0.53 

73.7 70.2 76.2 0.34 0.01 

70 

12 16 22 <O.OOl 0.02 

BUDESONIDE NEDOCROMIL 

VS. PLACEBO VS. PIACEBO 
I 

102 122 -Co.001 0.01 

4.3 4.4 0.04 0.99 

4.1 5.1 0.59 0.23 
0 0 1.00 1.00 

*Plus-minus values arc means LSD. The primary outcome was the forced cxpiratory volume in one second afkr bron- 
chodilator use, expressed as a percentage of the predicted value. 

tRcsults arc based on daily diaries. 
Sltatcs have been adjusted for age at randomization, race or ethnic group, sex, clinic, duration of asthma at base line, 

severity of asthma at base line, and skin-test reactivity at base line. 
$Rcsults arc based on photographic evaluations of 1909 cycs in 955 children. In one child in the budcsonidc group, 

an arca in the right eye was classified as a questionable posterior subcapsular cataract on photographic evaluation; the 
child was found to have a barely measurable (CO.5 mm) posterior subcapsular cataract on slit-lamp examination five 
months later. Uncorrected Sncllcn visual acuity in the cyc was 20/25. This child received budcsonide as study medication, 
bcdomethasone (for a total of 13 months), and oral prcdnisonc (for a total of 38 days) during the trial, as well as an 
intranasal corticosteroid. 

Airway responsiveness to methacholine, expressed 
as the concentration that caused a 20 percent de- 
crease in FEV,, improved throughout the treatment 
period in all three groups (Fig. l), with the greatest 
improvement occurring in the budesonide group. At 
the end of the treatment period, airway responsive- 
ness to methacholine was significantly improved in 
the budesonide group as compared with the placebo 
group (P<O.OOl), whereas the change in the nedocro- 
mil group was similar to that in the placebo group 
(Table 3 and Fig. 1). 

Health Outcomes 

As compared with the placebo group, the budes- 
onide group had a 43 percent lower rate of hospital- 
ization (P = 0.04), a 45 percent lower rate of visits 
for urgent care (P<O.OOl), and a 43 percent lower 
rate of use of courses of prednisone (PCO.001) over 
the treatment period (Table 2). The nedocromil group 
had a 27 percent lower rate of urgent care visits (I? = 

0.02) and a 16 percent lower rate of use of courses 
of prednisone (P=O.Ol) than the placebo group, but 
there was no significant difference in the rate of hos- 
pitalization. One death from asthma occurred in the 
nedodromil group; the child had been receiving sup- 
plemental treatment, including inhaled corticosteroids, 
for several months before her death. One child in the 
placebo group required intubation for an exacerbation 
of asthma. 

Control of asthma was best in the budesonide 
group, as indicated by significantly fewer symptoms 
(P=O.OOS), less use of albuterol for symptoms (I?< 
O .OOl), and more episode-free days (P=O.Ol) (Table 
3). Changes in morning peak flow and the number 
of night awakenings per month were similar in all 
groups (Table 3). The times to the first course of pred- 
nisone and to the initiation of treatment with beclo- 
methasone or other nonassigned asthma medications 
were significantly longer in the budesonide group than 
in the placebo group (P~O.001) (Fig. 2). 
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TABLE 3. SPIROMETRIC MEASURES,  AIRWAY RESPONSIVENESS, PHYSICAL GROWTH, PSYCHOLOGICAL DEVELOPMENT,  
AND DIARY-CARD MEASURES ACCORDING TO TREATMENT GROUP. 

MEASURE*  MEAN VALUEt SDS P VALUE 

Changes in spiromctric values after broncho- 
dilator USC 

FEV, (% of predicted) 
FEV, (liters) 
FVC (% of predicted) 
FVC (liters) 
FEV,:FVC (%) 

Changes in spiromctric values before broncho- 
dilator use 

FEV, (% of predicted) 
FEV, (liters) 
FVC (% of predicted) 
FVC (liters) 
FEV,:FVC (%) 

Airway responsiveness to mcthacholinc (ratio of 
follow-up to base-line values) 

Change in height (cm) 
Height percentile at last follow-up 
Bone age at last follow-up (yr) 
Difference between bone age and 

cluonologic age (yr) 
Projected final height (cm)§ 
Tanner genital stage at last follow-up (boys)1 
Tanner breast stage at last follow-up (girls)1 
Change in bone density (g/cm’) 
Change in total score on Children’s Depression 

Invcntorylj 
Changes in daily diary-card measures 

Symptom score 
Morning peak flow (litcrs/min) 
Episode-free days (no./mo) 
USC of albutcrol for symptoms (pu&/wk) 
Night awakenings (no./mo) 

BUDESONIDE NEDOCROMIL PLACEBO 
(N=311) (~=312) (~=418) 

0.6 -0.5 -0.1 9.6 0.36 0.56 
1.04 1.06 1.08 0.40 0.30 0.58 
0.7 -0.1 0.9 9.3 0.74 0.16 
1.27 1.29 1.33 0.45 0.05 0.25 

-1.0 -1.3 -1.7 5.2 0.08 0.26 

2.9 0.4 0.9 11.2 0.02 0.57 
1.02 0.99 1.01 0.43 0.76 0.58 
2.3 0.6 2.4 10.0 0.89 0.02 
1.29 1.28 1.35 0.47 0.07 0.06 

-0.2 -1.0 -1.8 6.5 0.001 0.10 
3.0 1.8 1.9 3.3 co.oo1 0.97 

22.7 23.7 23.8 5.4 0.005 0.65 
51.3 55.2 55.7 15.5 <O.OOl 0.62 
13.7 13.6 13.7 2.5 0.84 0.61 

0.2 0.4 0.4 1.1 0.18 0.83 

174.8 174.8 174.8 4.4 0.86 0.87 
3.0 2.8 2.9 0.9 0.53 0.10 
3.3 3.2 3.4 0.8 0.56 0.17 
0.17 0.17 0.18 0.08 0.53 0.15 

-3.2 -1.8 -2.2 5.1 0.01 0.35 

-0.44 -0.38 -0.37 0.37 0.005 0.80 
131 131 132 67 0.86 0.82 

11.3 9.3 9.3 10.2 0.01 0.97 
-7.4 -5.7 -5.3 7.1 <O.OOl 0.42 
-0.7 -0.6 -0.6 1.1 0.14 0.48 

BUDESONIDE NEDOCROMIL 

vs. f vs. 
PLACEBO PLACEBO 

‘Changes were calculated by subtracting the base-line values from the values at the last follow-up. FEV, denotes forced cxpiratory volume 
in one second, and FVC forced vital capacity. The primary outcome measure was the FEV, after bronchodilator USC, expressed as a pcrccntagc 
of the prcdictcd value. 

tMcans have been adjusted for the average base-line values of the outcome measure, age at randomization, race or ethnic group, sex, clinic, 
duration of asthma at base line, severity of asthma at base line, and skin-test reactivity at base line. Only measures with both base-line and 
follow-up values arc included in this table. 

$SD is the standard deviation estimated from the regression model. 
$Projcctcd final height was calculated from the prediction equations of Tanner et al.,11 which use height, chronologic age, bone age, and 

(for girls) age at first mcnscs. ‘I 
IThc Tvlncr stage is an assessment of sexual development. The possible scores for genital stage and for breast stage range from 1 to 5, 

where 1 indicates preadolescent characteristics and 5 indicates adult characteristics. 
lIThe Children’s Depression InvcntoryU is a 27-item questionnaire completed by the child with regard to the symptoms of depression. The 

total score ranges from 0 to 54, where higher scores indicate greater depression. 

During the treatment period, the percentage of days the placebo group (Table 2). Compliance with treat- 
on which beclomethasone or another asthma medica- ment, defined as the percentage of days on which a 
tion was prescribed in addition to or instead of the child was reported to have taken the prescribed dose 
originally assigned treatment was significantly lower of study medication, was similar in children assigned to 
(P<0.001) f or children assigned to budesonide (6.6 budesonide and those assigned to placebo (73.7 per- 
percent) than for those assigned to placebo (18.7 per- cent and 76.2 percent, respectively), but it was lower 
cent); there was no signifkant &rence in the meas- in children assigned to nedocromil (70.2 percent) 
ure between the nedocromil group (1Zl percent) and (P=O.Ol for the comparison with placebo) (Table 2). 

1058 l  October 12, 2000 



LONG-TERM EFFECTS GF BUDESGNIDE OR NEDOCROMIL IN CHILDREN WITH ASTHMA 

FEV, after FEV, after FEV,:FVC after 
Bronchodilator Bronchodilator Bronchodilator 

-.- Budesonide 
---- Nedocromil 
- Placebo 

z --q 

s 0 , I I I I 

0 1 2 3 4 

Time (yr) 

1.5 

0.0 4 , I I I 1 
0 1 2 3 4 

Time (yr) 

Bud 302 297 296 291 279 311 297 296 291 279 
Ned 303 305 292 284 267 312 305 292 284 267 
Plbo 406 396 390 388 374 416 396 390 388 374 

FEV, before FEV, before 
Bronchodilator Bronchodilator 

Time (yr) Time (yr) 

Bud 302 288 287 284 272 311 297 296 291 279 
Ned 303 296 283 275 259 312 305 292 284 268 
Plbo 406 384 379 376 363 416 394 389 386 372 

FEV, PC,, Standing Height 

Time (yr) 

0 1 2 3 4 

Time (yr) 

0.0 
+ 
, I I I 1 
0 1 2 3 4 

Time (yr) 

Bud 307 279 266 251 240 308 294 293 289 280 294 286 288 275 
Ned 309 274 268 241 233 309 303 293 284 271 303 291 278 266 
Plbo 415 366 357 341 318 414 400 392 386 379 400 388 379 370 

75 
80 1, 

0 , I I I 1 
0 1 2 3 4 

Time (yr) 

311 297 296 291 279 
312 305 292 284 267 
416 396 390 388 374 

FEV,:FVC before 
Bronchodilator 

85 

.-*---*-*-* 
80-c -.-*s- -*-.-.-.-._._._ -ll-l..-------.-...--... . - 

75 1 
0 , I I I I 

0 1 2 3 4 

Time (yr) 

311 297 296 291 279 
312 305 292 284 268 
416 396 391 388 374 

Standing-Height Velocity 

6.5 1 

Figure 1. Mean Values for Spirometric Measures before and after the Use of a Bronchodilator, Airway Responsiveness, Standing 
Height, and Standing-Height Velocity during Four Years of Follow-up in the Budesonide (Bud), Nedocromil (Ned), and Placebo (Plbo) 
Groups. 
The numbers of observations used to calculate means at annual intervals are shown below each panel. When comparisons were 
made over the total follow-up time, the budesonide group differed significantly (PcO.001) from the placebo group in all measures, 
even though these differences may not be apparent in every panel, and there were no significant differences between the nedocro- 
mil group and the placebo group in any measure. FEV, denotes forced expiratory volume in one second, FVC forced vital capacity, 
and FEV, PC, airway responsiveness measured by the concentration of methacholine that caused a 20 percent decrease in FEV,. 
For FEV, PC,, values were obtained at 0, 8, 20, 32, and 44 months. P values for the comparisons between study groups of the 
changes from base line to last follow-up are shown in Table 3. 
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First Course of Prednisone Initiation of Additional Therapy 

1.001 -. - Budesonide 
c I--- Nedocromil 
z - 
f 

Placebo 
0.75- _._...-- I___.___-- a--- 

%  
*_.L.- .e.-- 

.*.a.- .- 
L 

: 0.50- 
> .- + m  2 0.25- Bud vs. Plbo, P<O.OOl 

Ned vs. Plbo, P=O.32 

(3 
0.00 I I I 1 

0 1 2 3 4 

Time (yr) 
Bud 306 170 128 102 70 
Ned 307 124 92 74 49 
Plbo 413 154 100 84 62 

Bud vs. Plbo, PcO.001 
Ned vs. Plbo, P=O.48 

Time (yr) 

308 291 273 255 186 
311 267 230 213 154 
418 348 306 276 202 

Figure 2. Kaplan-Meier Estimates of the Cumulative Probability of a First Course of Prednisone and Initiation of Additional Therapy 
(Beclomethasone or Other Nonassigned Asthma Medications) during Four Years of Follow-up in the Budesonide (Bud), Nedocromil 
(Ned), and Placebo (Plbo) Groups. 
The numbers of children at risk at annual intervals are shown below each graph. 

Measures of Growth and Assessment for Cataracts 

At the end of the treatment period, the mean in- 
crease in height in the budesonide group was 1.1 cm 
less than the mean increase in the placebo group (22.7 
vs. 23.8 cm, P = 0.005); the height increase was sim- 
ilar in the nedocromil and the placebo groups (Table 
3). The difference between the budesonide and pla- 
cebo groups in the rate of growth was evident pri- 
marily within the first year of treatment and did not 
increase later: all groups had similar growth velocity 
by the end of the treatment period (Fig. l), as well 
as similar changes in bone density (Table 3). At the 
end of treatment, the bone age, projected final height, 
and Tanner stage in the budesonide and nedocromil 
groups were similar to those in the placebo group 
(Table 3). The only difference with respect to chang- 
es in any of the psychosocial measures was a greater 
improvement in the total score on the Children’s 
Depression Inventory, 23 indicating less depression, in 
the budesonide group as compared with the placebo 
group (a decline of 3.2 vs. 2.2, P=O.Ol) (Table 3). 
None of the children had posterior subcapsular cat- 
aracts according to lens-photography criteria (Table 2). 
However, one child in the budesonide group was clas- 
sified as having a questionable posterior subcapsular 
cataract. A barely measurable (CO.5 mm) posterior 
subcapsular cataract was found in this child on slit- 
lamp examination by an ophthalmologist five months 
after the photographs were taken. The uncorrected 
Snellen visual acuity in the eye was 20/25. This child 
received budesonide as study medication, beclometh- 
asone (for 13 months), and oral prednisone (for 38 

days) during the study, as well as an intranasal cortico- 
steroid. 

Discontinuation of Study Medication 

Four months after discontinuation of the study 
medication, the children assigned to nedocromil had 
a smaller reduction from base line in the FEV,:FVC 
ratio after bronchodilator use than did those assigned 
to placebo (a decline of 1.2 percent vs. 2.2 percent, 
P=O.O3). Also at this time, children assigned to bu- 
desonide or nedocromil had a smaller reduction in 
FEV,:FVC before bronchodilator use than did those 
assigned to placebo (budesonide vs. placebo: a decline 
of0.9 percent vs. 2.5 percent, l?=O.O05; nedocromil 
vs. placebo: a decline of 1.1 percent vs. 2.5 percent, 
P=O.Ol). The groups were similar in all other meas- 

’ ures, including airway responsiveness, which worsened 
in the budesonide group during the four-month peri- 
od after discontinuation of budesonide and became 
similar to that in the placebo group (data are avail- 
able elsewhere * ). 

I DISCUSSION 
The finding that neither budesonide nor nedocro- 

m il improved lung function, as measured by the per- 
centage of the predicted value for FEV, after the ad- 
m inistration of a bronchodilator, was unexpected. 
FEV, was chosen as the primary outcome measure 
because it is widely accepted as the most clinically 

*See NAPS document no. 05569 for 16 pagu of supplementary matc- 
rill. To order, contact NAPS, c/o h4icrofichc Publications, 248 Hempstead 
Tpke., West Hempsted, NY 11552. 
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useful and predictive measure of lung function It is 
highly reproducible and correlates well with the pro- 
gression of disease, 28,s use of health care,30 and sever- 
ity of asthma1-3p31 and accurately describes the natural 
history of childhood asthma. The value after broncho- 
dilator use was chosen as the outcome measure be- 
cause it minimizes the effects of airway constriction 
and has less variability over time in individual patients 
than the value before bronchodilator use. 

The use of budesonide was associated with improve- 
ment in the FEV, before bronchodilator use, when 
measured as a percentage of the predicted value, but 
not when measured in liters (Table 3). The use of 
nedocromil was not associated with improvement in 
either measure of FEV,. Since predicted values depend 
on height,32Ja the statistical significance of the change 
in the FEV, as a percentage of the predicted value is 
mostly attributable to the slightly smaller stature of 
the children in the budesonide group. 

As a consequence of normal lung growth,34 the 
FEV,:FVC ratio before bronchodilator use decreased 
over time in ail three groups (Fig. 1). The decrease 
was minimized by budesonide (before bronchodilator 
use, P= 0.001; after bronchodilator use, P = 0.08). The 
minimization of the decrease was not due to improve- 
ment in FEV, and might have been due to lower FVC 
or improved bronchodilation in the budesonide group. 

During the trial, there was a lack of decline in the 
FEV, before and after bronchodilator use in the pla- 
cebo group and a lack of long-term improvement in 
the budesonide and nedocromil groups as compared 
with the placebo group. An irreversible deterioration 
in lung function might have occurred in the patients 
before their enrollment, and the treatment might 
therefore have been too late to effect a change. Eighty 
percent of all childhood asthma is diagnosed by the 
age of six years,35 and normal proliferation of the al- 
veoli and airway development occur predominantly 
before the age of five years.36 We enrolled children 
from 5 through 12 years of age, who had had asthma 
for a mean of five years. Some studies recommend 
initiating treatment within two to three years after 
the onset of disease.9 

In contrast to the results of lung-function meas- 
urements, our findings on airway responsiveness and 
health outcomes clearly favor budesonide. As expect- 
ed,37 improvement in airway responsiveness to meth- 
acholine occurred during the treatment period in all 
three study groups (Fig. 1) but was substantially and 
significantly greater in the budesonide group (Table 
3); this &ding is consistent with the results of short- 
er trials in children .38~39 The relative improvement in 
the budesonide group suggests additional improve- 
ment as a consequence of lower bronchomotor tone or 
diminished airway inflammation. 

The rates of hospitalization and of urgent care visits 
and the need for additional therapy and oral predni- 
sone were lowest in the budesonide group (Table 2). 

Budesonide was also associated with a greater reduc- 
tion in symptoms and in the use of albuterol for symp- 
toms and with an increase in the number of episode- 
free days as compared with placebo (Table 3). 

We also evaluated the long-term effects of inhaled 
nedocromil in children. Overall, the results in the 
nedocromil group were similar to those in the pla- 
cebo group, except that nedocromil was associated 
with fewer exacerbations, as evidenced by a lower rate 
of prednisone use and a lower rate of urgent care visits, 

The current literature indicates that treatment of 
children with inhaled or nasal corticosteroids, specif- 
ically beclomethasone dipropionate, results in a loss 
of 0.7 to 1.4 cm in linear growth over a one-year pe- 
riod.38~46 Our four-to-six-year trial provides evidence 
that the effect of budesonide on growth velocity is not 
sustained and that extrapolations from one-year stud- 
ies to projected loss in subsequent years are not ap- 
propriate. Calculations of projected final height22 sug- 
gest that the children in the study groups will achieve 
similar final heights. 2 

There were no significant differences among the 
three groups in the change in bone density. Several 
recent studies have suggested that the use of high 
doses of inhaled corticosteroids in adults can lead to 
the development of cataracts.4748 In one child in the 
budesonide group, an area of one eye was classified as 
a questionable posterior subcapsular cataract on pho- 
tographic assessment. However, interpretation of this 
finding was complicated by the child’s use of oral cor- 
ticosteroids and the lack of base-line photographic as- 
sessment. 

After discontinuation of the study medication, no 
differences were observed among the study groups 
in lung function or growth from base line (the be- 
ginning of the study) to the final measurement, ex- 
cept for the FEV,:FVC ratio before bronchodilator 
use. The increase in responsiveness to methacholine 
seen in the budesonide group after discontinuation 
of the study medication suggests that the beneficial 
effect of budesonide on airway responsiveness to meth- 
acholine is due to changes in bronchomotor tone or 
airway ‘mflarnmation, and not to the prevention or res- 
olution of remodeling of the airway wall. 

The percentage of days on which only the full 
dose of the assigned study medication was prescribed 
was greater in the budesonide group than in the place- 
bo group (88.9 percent vs. 78.4 percent, P<O.OOl) 
(Table 2). However, it is unlikely that this difference 
substantially influenced the findings. Four post hoc 
analyses confirmed the results of the intention-to-treat 
analysis. These analyses excluded any outcome meas- 
ures obtained after departure from full-dose study 
medication, were restricted to children who used only 
full-dose study medication throughout the follow-up, 
included only children who had reported compliance 
with full-dose study medication on at least 80 percent 
of days, and categorized children according to their 
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prescribed treatment at the end of the treatment pe- 
riod (data are available elsewhere*). 

Our study demonstrates the importance of long- 
term, controlled trials of treatment for asthma. A ben- 
efit of budesonide in terms of lung function, as meas- 
ured by the FEY, after bronchodilator use, was evident 
at one year, but not at four years; a reduction in linear 
growth velocity in children treated with budesonide 
was evident at one year but was absent by the second 
year. Airway responsiveness to methacholine improved 
in all study groups over the four to six years of treat- 
ment. The improvement was substantially and signif- 
icantly greater with budesonide than with placebo, 
but this advantage disappeared after the discontinua- 
tion of treatment with budesonide. 

In summary, we found that in children five or more 
years of age with mild-to-moderate asthma, contin- 
uous daily treatment with inhaled budesonide or ne- 
docromil had no therapeutic benefit in terms of lung 
function, as measured by the FEV, after bronchodi- 
lator use, as compared with therapy given as needed 
for the control of symptoms (as in the placebo group). 
Intervention with antiinflammatory medications ear- 
lier in childhood, earlier after the onset of disease, or 
in patients selected because of a decline in pulmo- 
nary function might still be beneficial and should be 
evaluated. Continuous daily treatment with inhaled 
budesonide leads to better control of asthma than 
symptomatic treatment (as in our placebo group) or 
treatment with nedocromil, and its side effects are 
limited to a small, transient reduction in growth ve- 
locity. Inhaled corticosteroids are safe and effective 
for long-term use in child.ren with asthma. 
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Comparison of fluticasone propionate and sodium 
cromoglycate for the treatment of childhood asthma 

(an open parallel group study). 

J. F. PRICE* AND P. H. WELLER? 

* Dspartntent of Child Health, King’s College Hospi&lI. Londorl and t Dudley Rouci ctnd Chikdrer~‘.s Hospirctl. 
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Inhaled corticosteroids are highly effective in the treatment of asthma at all ages and their use in younger 
children is increasing. As concerns exist about the long-term systemic side-effects of high dose inhaled 
corticosteroids, current guidelines continue to recommend sodium cromoglycate (SCG) as first line regular 
medication for children with frequent symptoms. Few published studies have compared the safety and 
efficacy of inhaled corticosteroids with SCG in children. This study compares SCG with the new inhaled 
corticosteroid, fluticasone propionate (FP), which has theoretical advantages over other currently available 
corticosteroids due to its negligible oral bioavailability. 

This was a randomized, open, multi-centre, parallel group comparison of 5Opg FP twice daily and 
20 mg SCG four times daily over 8 weeks, preceded by a 2-week baseline period. Sixty-two general practices 
and two hospital centres enrolled 225 asthmatic children aged 4-12 years (110 received FP; 115 received SCG). 
Outcome measures improved in both groups, with a significant difference in favour of FP for the key variables 
of mean morning and evening % predicted PEFR and % of symptom-free days and nights. No significant 
difference was observed for FEV,, or relief medication use, Two children taking FP and 10 children taking 
SCG withdrew because of adverse events. 

This study showed that low dose FP was effective and superior to SCG in young children with 
mild-moderate asthma. Safety studies of longer duration are needed before changing the current recommen- 
dations for inhaled corticosteroid therapy. 

Introduction 

Inhaled corticosteroids are highly effective in the 
treatment of moderate and severe asthma at all ages 
and their use in younger children is increasing. Effects 
on function of the hypothalamic-pituitary-adrenal 
(HPA) axis can be detected when inhaled corticoster- 
oids are given at doses of 4OOpg day - ’ (or greater) 
and at the moment there is little information about 
possible long-term systemic effects in children who 
start treatment with inhaled corticosteroids in 
infancy or the pre-school years (l-3). For these 
reasons, the recently published international con- 
sensus on the management of childhood asthma 
continues to recommend sodium cromoglycate 
(SCG) as the first line regular medication for children 
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with frequent symptoms (4). The current recommen- 
dations for inhaled corticosteroid therapy are for 
children who fail to respond to or comply with SCG 
therapy, or have severe asthma. The efficacy and 
safety of SCG are well established and this drug 
will provide good asthma control in about 60% of 
children with frequent symptoms (5,6). There are few 
published studies which have compared the safety 
and efficacy of inhaled corticosteroids with SCG in 
children (7-l 3). 

Fluticasone propionate (FP) is a new inhaled cor- 
ticosteroid currently under investigation. Preliminary 
work indicates it is a strong agonist at the gluco- 
corticoid receptor conferring potent topical activity 
(14). Oral bioavailability is negligible (< 1%) (15). 
This is attributed to incomplete gastrointestinal 
absorption and virtually complete hepatic first pass 
metabolism to the ina&ive 17-P-carboxylic acid. 
Although currently available inhaled corticosteroids 
in doses up to 4OOpg day - ’ are clinically safe, some 
children with more severe asthma may require life 
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long prophylaxis, perhaps starting in very early child- 
hood. There is the possibility Of long-term efiects on 
bone metabolism (16) but FP, with its negligible oral 
bioavailability and improved safety margin, does 
have theoretical advantages over the currently avail- 
able inhaled corticosteroids. particularly in young 
children. A study of short-term growth, as measured 
by knemometry, confirmed that FP had a sig- 
nificantly lower systemic effect than the clinically 
equivalent dose of beclomethasone dipropionate (17). 
Large multi-centre studies, conducted for regulatory 
purposes in asthmatic children, have found FP to be 
superior to placebo (18) and have suggested its 
clinical potency to be double that of beclomethasone 
dipropionate (19). The aim of this study was to 
compare the efficacy and tolerability of inhaled FP 
with SCG in children who had previously received 
only intermittent treatment with broncho- 
dilators, and who were receiving regular inhaled 
medication for the first time. 

Methods 

TRIAL DESIGN 
This was a multi-centre, open, randomized, parallel 

group study comprising a 2-week baseline period and 
an 8-week treatment period in which 20 mg SCG four 
times daily was compared with 5Opg FP twice daily. 
Asthmatic children aged 4-12 years who had pre- 
viously received only intermittent bronchodilator 
therapy and had never been treated with inhaled SCG 
or an inhaled corticosteroid, but who, on clinical 
grounds, were being considered for regular treatment, 
were recruited into the baseline assessment period. 
The diagnosis of asthma was based on clinical history 
which included recurrent episodes of wheeze and 
cough which had responded to bronchodilator 
therapy. Children who had received oral corticoster- 
oids in the previous 6 weeks or who had been given 
more than three short courses of systemic corticoster- 
oid therapy in the previous 6 months were not in- 
cluded. Children who had suffered a respiratory tract 
infection in the preceding 2 weeks were also excluded. 

Before commencement of the baseline assessment, 
forced expiratory volume in 1 s (FEV,) was recorded 
by spirometry. Peak expiratory flow rate (PEFR) was 
measured with a mini-Wright peak-flow meter after 
inhalation of 4OOpg of salbutamol, in order to estab- 
lish the maximum achievable PEFR. Children were 
taught to use the mini-Wright peak-flow meter and 
were only included in the study if they could demon- 
strate its correct use. Each child was given the 
appropriate meter according to age and baseline 
peak-flow (either a standard or low reading meter). 

They were asked to record the best of three blows 
each morning and evening and use the same meter 
throughout the trial. Current bronchodjlator medi- 
cation was replaced by salbutamol administered by 
the RotahalerTM device to be taken as required. 
Eligibility for the treatment period was determined 
during the 2-week baseline period. Symptoms ot 
cough, wheeze, disturbance of sleep or daytime activ- 
ity, morning and evening PEFR and use of relief 
medication were recorded daily on diary cards at 
home. Children entered the treatment period if, on at 
least 7 days of the baseline period, they had reported 
asthma symptoms requiring one or more doses of 
inhaled salbutamol, or had recorded morning PEFRs 
of less than 80% of their maximum. 

The children who fulfilled the entry criteria were 
then randomly allocated to receive either 20 mg SCG 
four times daily by capsule powder device, or 
5Opg FP twice daily by DiskhalerTM device. Ran- 
domization was in balanced blocks of six, with each 
centre allocated at least one block. 

The children continued to take 200-400,ug sal- 
butamol by Rotahaler for symptomatic relief. They 
and their parents continued to make recordings on 
diary cards at home as in the baseline period. Each 
child was reviewed after 2 weeks, 5 weeks and on 
completion of the 8 weeks’ treatment. At each visit, 
the diary card was collected and replaced with a new 
one. Inhaler techniques were checked. 

The oropharynx was examined and swabs taken if 
clinically indicated. FEV, was measured by spiro- 
metry. Compliance with treatment was assessed by 
discussion with parents and from medication records 
in the patients’ diary cards. Adverse events and 
concomitant illness were documented. 

The protocol used was designed by the authors. 
The study was conducted by the Clinical Research 
Department of Allen & Hanburys Limited, through 
the collaboration of their Clinical Research Scientists 
and the participating physicians. As the intention was 
to recruit children who had never received regular 
medication, the trial was almost entirely based in 
general practices. The results and statistical analysis 
were independently reviewed by the Department of 
Applied Statistics at Reading University and by the 
authors. 

The study was approved by the Ethics Committee 
of each participating centre, and written informed 
consent to participate in the study was obtained from 
the parent or legal guardian of each child. The study 
was conducted in accordance with the Declaration of 
Helsinki (as revised in Hong Kong, 1989). and with 
Good Clinical Practice guidelines as issued by the 
European Community (1990). 



STATISTICAL ANALYSIS 
The primary variable for comparing the efficacy nt 

treatments was the change (from baseline) in mean 
morning ‘%, predicted PEFR at O-2, 2-5, and 5-8 
weeks’ treatment. If the smallest mean ditrerence in 
change of ‘5, predicted PEFR of clinical relevance 
between the groups is 5%, then assuming a SD com- 
mon to both groups of 1 I’%) of predicted and 5% 
two-tailed significance, approximately 100 evaluable 
patients were required in each treatment group for a 
test at 90% power. PEFR data were expressed as the 
percentage of the patients’ predicted values related to 
height (20) and were analysed by multi-variate analy- 
sis of variance. For the secondary variables, change 
from baseline FEV, (expressed as %  predicted) at the 
end of the treatment period was compared between 
the treatment groups using the student’s r-test; the 
percentage of days and nights on which the children 
were symptom-free and the frequency of use of relief 

Ttrhlc / thseline patient data 

Fluticasone Sodium 
propionate cromoglycate 

Number I IO 
Male 64 
Female 46 
Age (years) Mean 8.5 

Range 4.1-12.7 
Proportion of: 

Symptom-free days (median) 0.14 
Symptom-free nights (median) 0.46 

Relief medication: 
Mean doses day - ’ (SD) 1.97 (1.37) 
Mean doses night - ’ (SD) 0.50 (0.53) 

PEFR (mean O/O predicted) 
Morning (SD) 93.1 (216) 
Evening (SD) 97.6 (23.5) 

FEV, (mean %  predicted) (SD) 79 I ( 16.3) 

I r5 
66 
49 
7.9 

4.1-12.9 

0.15 
0.46 

1.91 (1,25) 
0.6 1 (0.62) 

8999 (20.6) 
93.1 (21.3) 
77.8 (16.7) 

medication were derived from the diary cards, and 
z-tests, i.e. using the normal distribution, were used 2 115. 

- (a) 
to compare treatments at each time point. The fz 110 - 

I 
$ 

student’s r-test was used to test for differences %  - 
between the two treatment groups in mean %  $ lo5 _ 
predicted morning PEFR at baseline. The level of g100 - 
significance for all analyses was taken to be fQO.05. 5 95 - 

-/’ 
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Confidence intervals were calculated at the 95% level. 1 
‘8 901 g/I--- 

-i c  

& a- 
Results : - 

I 
’ 80Baseline 

I I I 
l-2 3-5 

Three hundred and five asthmatic children were Duration of treatment (weeks) 
recruited from 62 general practices and 2 hospital G 115 r 

centres. Two hundred and twenty-five of them ful- Ei PI 110 Yb) -I 
t 

filled the baseline entry criteria and entered the z F-- 
treatment period. One hundred and fifteen received g 105 - 

SCG and 110 received FP. Although none had 
5 - 

PO0 : I/ 
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received regular medication, many were experiencing 1-1 
frequent symptoms but there were no obvious demo- 5 95- l/i c 
graphic differences nor statistically significant differ- ‘$ 90- 
ences in asthma severity between the two treatment $ 
groups (Table 1). 

CJ 85- 

There was a significant difference in morning 
I 

’ 80Baseline 
I I I 

l-2 3-5 
PEFR in favour of FP during the treatment period. Duration of treatment (weeks) 
Multi-variate analysis of variance showed that the 
treatment difference changed over time, increasing to 
7.5% of predicted at 6-8 weeks (P=O.OOOl). At this 
time, the 95% confidence interval showed that the 
true difference in favour of FP was likely to be at 
least 3.8% and could be as much as Il.2’%, of 
predicted. The difference for evening PEFR also 
favoured FP but only in the latter part of the 
treatment period, reaching a maximum of 5.6% of 
predicted during the last 2 weeks. The 95% 

Fig. I Mean PEFR (SE) expressed as ‘XI of predicted, (a) 
morning, (b) evening. n , Fluticasone propionate (n= 1 IO); 
A, Sodium cromoglycate (n= I 15); l P<O.OS; tP<O*O I ; 
$ P<0aoo1. 

confidence interval was 2*3-9*O”/o of predicted; 
P=O-0011 at 6-8 weeks (Fig. I). 

In both groups, FEV,?nproved during treatment. 
With FP, mean ‘!A predicted FEV, increased from 
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Duration of treatment (weeks) 
Fig. 2 Median percentage of symptom-free days (a) and 
nights (b) for each period of assessment during the study. 
Solid bar, tluticasone propionate; Open bar, sodium 
cromoglycate; *P<O.O5. 

79-l (SD 16.3) to 87.8 (SD 16.6%) of predicted and 
with SCG, the increase was from 77.8 (SD 16.7) to 
82.4 (SD 16. I)% of predicted. There was no evidence 
of a difference between treatments (P=O-27). 

During the 2-week baseline period, the children 
had frequent symptoms and required bronchodilator 
treatment on most days- The median percentage of 
symptom-free days was about 15%, and symptom- 
free nights about 45%. The percentage of symptom- 
free days increased markedly on both treatments. 
The median percentages reached 84% with FP and 
62% with SCG in the last 2 weeks. Symptom-free 
nights increased to 95% with FP and to 84% with 
SCG. There was a difference in favour of FP for the 
percentage of symptom-free nights at 3-5 weeks and 
at 6-8 weeks, and for the percentage of symptom-free 
days at 6-8 weeks (in all three cases, BO.05). Point 
estimates suggest that this difference could represent 
at least two more symptom-free days and nights with 
FP than with SCG in the last 3 weeks of the 
treatment period (Fig. 2). The requirement for relief 
medication declined in both treatment groups with 
no obvious difference between the two (Table 2). 

Tllhk 2 Relief medlcatlon - mean number of doses of 
salbutamol 

Fluticasone SodiLn, 
propionate cromoglycate 

Day Night Day Night 

Baseline 
Weeks l-2 
Weeks 3-5 
Weeks 6-8 

I .97 0.50 1.91 0.61 
0.78 0.20 0.97 0.35 
0.60 0.14 0.74 0.28 
0.49 0.09 064 0.21 

Tuble 3 Adverse events leading to withdrawal from the 
study 

Number of patients 

Adverse events 

Fluticasone Sodium 
propionate cromoglycate 

(n=llO) (n=115) 

Exacerbation of asthma I 
Acute chest pain I 
Breathless and wheeze - 
Burning sensation in chest - 
Sore threat - 
Stevens-Johnson syndrome - 
Medication-induced coughing - 
Medication-induced sickness - 
Unacceptable taste of - 

medication 

I 
- 
1 
1 
1 
1 
1 
2 
2 

Total no. of patients who 
withdrew due to an adverse 
event 

2 10 

Of the 225 patients who entered the treatment 
period, 37 (16%) withdrew, 11 from the FP group 
and 26 from the SCG group. Twenty-five with- 
drew for reasons which appeared to be unrelated 
to the treatment. Two children taking FP and 10 
children taking SCG withdrew because of adverse 
events (Table 3). Hoarse voice and oropharyngeal 
candidiasis were not observed in any of the children. 

Discussion 

Treatment with FP was superior to SCG for the 
primary variable, morning PEFR, and for the sec- 
ondary variables of evening PEFR and symptom-free 
days and nights. The mean difference between treat- 
ments of 7.5% of predicted in morning PEFR is likely 
to be of clinical importance in terms of asthma 
management, as is an increase of 2 symptom-free 
days per 3 weeks. Additional analysis showed that 



the improvement during treatment with SCG was 
significant (mean morning ‘%I predicted PEFR 
increased 7.8%; 95% Cl 5.3--l 0.2: P <O.OOO I ). How- 
ever. the study was not placebo-controlled ;~nd some 
or all of the eflect could be attributable to the ‘clinical 
trial eflect’ (21). With a treatment period of 8 weeks. 
it is possible that neither therapy had reached its 
maximal effect. but there was no indication from the 
data that a longer treatment period would have 
changed the direction of the treatment difference. 

For practical reasons, the study was conducted in 
an open fashion. As the two drug treatments look 
very different and the frequency of administration 
varies, the only way to make the study blind would 
have been to use a double dummy technique. The 
requirement for the children to take two separate 
inhaled treatments would probably have affected 
both recruitment and compliance. The ‘clinical trial 
effect’ was likely to have been similar with both 
treatments since these children had never received 
regular inhaled medication before, so both would 
represent a ‘new’ form of therapy. The primary 
variable was an objective measure of lung function. 
The statistical analysis was done by a department 
who had no clinical involvement with the patients, 
and assessed by an independent university statistics 
department. 

Compliance with treatment could have influenced 
the results. It has been shown that compliance with 
four times a day administration is poorer than com- 
pliance with twice daily administration of inhaled 
therapy. On the basis of recorded medication use 
in diary cards during treatment, 23 patients 
(20 SCG:3 FP) were judged to have taken less than 
75% and one patient (FP) to have taken more than 
125% of their medication. Four other patients (two in 
each group) failed to record use of medication. When 
the data for morning and evening PEFR were 
re-analysed as per-protocol analyses, excluding these 
28 patients, there was still strong evidence of a 
treatment difference in favour of FP. At weeks 6-8, 
the treatment difference in mean morning PEFR 
expressed as O/o predicted was 7.0% points in favour 
of FP (99Y!CcI l-l-12-8; P=O-0022). Similarly, for 
evening PEFR, the treatment difference was 5.6% 
points in favour of FP (99% CI 1.2-10.0; P=O-001 I). 

, 

Recruitment to the study was aimed at children 
with mild-moderate asthma who were being con- 
sidered for introduction of preventive therapy. No 
children entering the study had received SCG therapy 
or an inhaled corticosteroid in the past. It was 
notable, however, that the mean FEV, before enter- 
ing the trial was less than 80% of predicted and, 
during the 2 weeks of pre-treatment assessment, 

many children were experiencing symptoms which 
required bronchodilator therapy on most days. This 
emphasizes the importance of dally evaluation ot 
symptoms, and the use of objective measurement of‘ 
lung function when deciding on the need for’ regular 
treatment. 

Only a few small studies have compared SCG and 
inhaled corticosteroid treatment in childhood 
asthma. Three clinical trials comparing 4-week treat- 
ment periods and involving 40 children aged 7-15 
years (7), 20 children aged 6-l 3 years (8) and 24 
children aged 4-26 years (9) found an inhaled 
corticosteroid (betamethasone valerate or beclom- 
ethasone dipropionate) to be superior to SCG in 
terms of wheeze-free days and peak-flow rates 
recorded at home. The doses of inhaled corticoster- 
oid used in these studies, ranging from 400- 
800,ug day- ‘, were much larger than that used in the 
present trial. The dose of FP given in this study 
corresponds to beclomethasone 2OOc(g day - ’ (22). 
One trial did not detect any difference in efficacy 
between SCG and beclomethasone dipropionate but 
the power to detect a difference was low because 
numbers were so small (14 subjects aged 5-l 5 years) 
(10). Two further studies in children with severe 
asthma suggested that substitution of an inhaled 
corticosteroid improves asthma in children who 
respond inadequately to treatment with SCG (11,12). 
At the time these studies were done, there was no 
long-term experience of the use of inhaled corti- 
costeroids in children and their use was largely 
confined to school-age children with severe asthma. It 
has since been shown that at these higher doses, it is 
possible to demonstrate some systemic effect on HPA 
axis (1-3). In a more recent study, Kraemer et al. 
found a greater improvement in lung mechanics and 
in non-specific bronchial reactivity in children given 
100-200 pug beclomethasone dipropionate three times 
daily, compared with those given 20 mg SCG three 
times daily for 8 weeks (13). None of the published 
studies have addressed the question of the relative 
speed of action of the drugs. It is interesting that in 
the present study there was evidence of a difference in 
treatment effect in favour of FP for morning PEFR 
during the first 2 weeks of the treatment period 
(Fig. la). 

No clinically serious, adverse events were reported 
with either drug but events resulting in withdrawal 
from the study were more frequent with SCG than 
with FP. Most of the adverse events were respiratoq 
and seemed to indicate poor asthma contc;& Five 
children complained orretching, vox&hg or an 
unpleasant taste after taking SCG by -apsule powder 
device. The study period was sh-9t-t and no formal 



assessment was made of adrenal axis function in the 
children taking FP. Studies of much longer duration 
with this new inhaled corticosteroid are needed 
before considering a change in the current recom- 
mendations for regular inhaled corticosteroid 
therapy in children with mild-moderate asthma. 
Nevertheless, the favourable results with FP in 
terms of efficacy and tolerability suggest that, in due 
course, it may be appropriate to lower the threshold 
for the administration of this inhaled corticosteroid 
to children, both in terms of age and severity of 
symptoms. 
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EFFECT OF LONG-TERM TREATMENT WITH INHALED BUDESONIDE 
ON ADULT HEIGHT IN CHILDREN WITH ASTHMA 

LONE AGERTOFT, M.D., AND SI~REN PEDERSEN, M.D., DR.MED.SCI. 

ABSTRACT 
Background Short-term studies have shown that 

inhaled corticosteroids may reduce the growth of chil- 
dren with asthma. However, the effect of long-term 
treatment on adult height is uncertain. 

Methods We conducted a prospective study in chil- 
dren with asthma to examine the effect of long-term 
treatment with inhaled budesonide on adult height. 
We report on 211 children who have attained adult 
height: 142 budesonide-treated children with asth- 
ma, 18 control patients with asthma who have never 
received inhaled corticosteroids, and 51 healthy sib- 
lings of patients in the budesonide group, who also 
served as controls. 

Results The children in the budesonide group at- 
tained adult height after a mean of 9.2 years of bu- 
desonide treatment (range, 3 to 13) at a mean daily 
dose of 412 pg (range, 110 to 877). The mean cumu- 
lative dose of budesonide was 1.35 g (range, 0.41 to 
3.99). The mean differences between the measured 
and target adult heights were +0.3 cm (95 percent 
confidence interval, -0.6 to + 1.2) for the budesonide- 
treated children, -0.2 cm (95 percent confidence in- 
terval, -2.4 to +2.1) for the control children with asth- 
ma, and +0.9 cm (95 percent confidence interval, 
-0.4 to +2.2) for the healthy siblings. The adult height 
depended significantly tP<O.OOl) on the child’s height 
before budesonide treatment. Although growth rates 
were significantly reduced during the first years of 
budesonide treatment, these changes in growth rate 
were not significantly associated with adult height. 

Conclusions Children with asthma who have re- 
ceived long-term treatment with budesonide attain 
normal adult height. (N Engl J Med 2000;343:1064-9.) 
02000, Massachusetts Medical Society. 

B ECAUSE they are effective, inhaled corti- 
costeroids are widely used to u-eat children 
with asthma.‘-3 However, many physicians are 
concerned about the potential adverse effects 

of long-term corticosteroid treatment, particularly ef- 
fects on growth. 

In many trials assessing growth during therapy 
with inhaled corticosteroids, follow-up observations 
have been conducted for one year or less. Although 
such studies may provide useful information, their rel- 
evance to actual practice is uncertain.* Several studies 
have reported poor correlations between corticoster- 
oid-induced short-term changes in the growth rate 
of the lower leg and total body growth during the 
subsequent year. 5-10 Furthermore, the correlation be- 

tween consecutive annual measurements of statural 
height velocity in normal prepubertal children is poor, 
with only partial correlation between values at one, 
two, three, and four years.8 Height velocity comput- 
ed over periods of three and four years during child- 
hood explains only 34 percent and 38 percent, re- 
spectively, of the variation in adult height.8 

Since 1986, we have been conducting a prospec- 
tive study of children with persistent asthma to assess 
total body growth, weight gain, lung function, and 
hospitalization for asthma exacerbations.2>iiY12 We re- 
port here the lo-year growth data for the children who 
have reached adult height. We also report how growth 
rate and changes in growth rate relate to adult height. 

METHODS 

Study Design 
Children with asthma were recruited for a prospective, long- 

term study.aJ1J2 We excluded those with other chronic diseases 
or with a gestational age of less than 32 weeks. All children visited 
the clinic at six-month intervals for one to two years (the run-in 
period). During this period, asthma medication was adjusted ac- 
cording to the Danish pediatric-asthma guidelines in use at the 
time.13 Three hundred thirty-two children whose asthma was con- 
sidered to be acceptably controlled without the continuous use 
of inhaled corticosteroids were then asked to change to treatment 
with the inhaled corticosteroid budesonide, because several studies 
had indicated that inhaled corticosteroids should be used more 
fiequently.“J5 The proposed change in therapy was accepted by 
the families of 270 children (the budesonide group). The families 
of 62 children declined to change therapy because of concern 
about side effects or satisfaction with their current therapy. These 
children (the controls) continued to take the medication they had 
used during the run-in period. Control patients were able to change 
to inhaled budesonide if they chose to at a later time. The study 
was approved by the ethics committee of Vejle and Fyns counties, 
and oral informed consent was obtained from all families. 

At each six-month visit, we recorded the number of hospid ad- 
missions for acute asthma, age, height (mean of three measurements 
with a Harpenden stadiometer), weight, lung function (as assessed 
with a bellows spirometer), the dose and frequency of administra- 
tion of all prescribed drugs, the dose of inhaled budesonide, and the 
inhalation device used. Changes in medication, if any, were based 
on a combination of history, lung function, use of a pa-agonist for 
rescue therapy, and diary recordings. During the 6rst six years of the 
study, lixed clinical criteria were used to initiate changes in medica- 
don.2 After this time, the criteria were more flexible. 

Throughout the study, the patients were seen by the same two 
physicians, and all measurements ofweight, height (including the 
heights of siblings and parents), and lung function were performed 
by the same three nurses. Between scheduled visits, all changes in 
asthma medication were made under the supervision of the clinic 
personnel and were recorded. Any asthma medication required to 
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control the disease was allowed. Data for children who received 
prednisolone for more than an average of two weeks per year were 
excluded Tom the adysis of adult height. Compliance with asth- 
ma medication was checked at each visit by direct questioning 
and by recording the kequency of renewal of prescriptions. 

The data analyzed here wtre collected f?om January 1986 through 
August 1999. The status of the 332 originally enrolled patients at 
the end of this period is shown in Figure 1. Among those who had 
reached adult height and for whom information on parental height 
was available, there remained 142 subjects in the budesonide group 
and 18 in the control group. The mean age at the diagnosis of asth- 
ma was 3.4 years (range, 1 to 10) in the budesonide group and 4.3 
years (range, 1 to 9) in the control group. Because data on adult 
height in children who were not using inhaled corticosteroids were 
limited because of the small number of children remaining in the 
conud group, the healthy siblings of the children in the budeso- 
nide group were recruited for measurement of adult height. There 
were 149 siblings, of whom 105 had reached adult height. Of 
these, 38 had received treatment with inhaled corticosteroids and 

16 refked to participate, leaving 51 healthy siblings for analysis 
(Table 1). 

Statistical Analysis 

Data were transformed into standard-deviation scores as described 
by Tanner et al.,16 according to the following formula: (measured 
height - mean height for age) + standard deviation of height for 
age. The measured adult height was the height measured when the 
height of a child over 15 years of age had increased by less than 
0.5 cm for two consecutive years. 

The target adult height was calculated as described by Luo et 
al.,‘7.18 with the addition of 0.7 cm to the height for boys and 1.0 
cm to the height for girls because of trends over time, as 45.99 + 
0.78x + 0.7 cm for boys and 37.85 +0.75x + 1.0 cm for girls, where 
x is the father’s height and the mother’s height summed and divid- 
ed by 2. 

The primary outcome was the measured adult height in rela- 
tion to the target adult height. The difference between the meas- 

332 
original subjects 

Figure 1. Status of the 332 Children Included in the Study as of August 1999. 
Only 20 of the 97 children who were excluded from the analysis because they had not yet reached adult height were 
15 years of age or older. 
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TABLE 1. CHARACTERISTICS OF THE STUDY SUBJECTS. 

BUDESJMOE GROUP BUDESCWE GRWP Corma GROUP 8EuNGs WHO 
AT !&ART OF AT AITAIWENT AT A~~WNMEMT HAD A~~AINECI 
TREATMENT OF AoULT klGHT OF AWLT HEIGHT ADULT &lGHT 

CHARACTERISTH:  (N=142) (N=142) IN=181 (N=51) 

Boys/girls - no. 86/56 86/56 1 l/7 
Age - yr 

24/27 

Mean 8.7 18.0 18.5 21.4 
Range 3-13 16-24 16-22 17-25 

Duration of asthma - yr 
Mean 5.3 14.4 14.1 
Range 0.5-12 5-23 3-20 

Prebronchodilator FM,* 
Mean - %  of predicted 69 96 81 
Range - %  of predicted 31-101 80-110 62-98 
Value 

280% - no. of subjects (X) 64 (45) 140 (99) 
60%-79% - no. of subjects (%) 

11 (61) 
60(42) 2 (1) 

300/o-59% - no. of subjects (%) 
7(39) 

18 (13) 0 0 

l FEV, denotes the forced expiratory volume in one second. 

ured and the target height was analyzed by the paired-samples 
t-test. The assumption of normality was examined by probability 
plot and accepted.19 

We assessed the following secondary outcomes: whether the dif 
ference between the measured height and the target adult height 
depended on the mean daily budesonide dose, the total cumula- 
tive budesonide dose, the duration of treatment, the duration of 
asthma at the beginning of treatment or at the t ime of attainment 
of adult height, the use or nonuse of intranasal corticosteroids, 
the growth rate, the standard-deviation score for height or the 
forced expiratory volume in one second (FEV,) before budesonide 
treatment, and the growth rate and the changes in the growth 
rate or standard-deviation score for height during the hrst year of 
budesonide treatment. The tests were performed by analysis of 
variance and covariance. All tests were performed for the whole 
group of children and for girls and boys separately. All reported 
P  values are two-tailed.19 

RESULTS 
The budesonide-treated children reached their tar- 

get adult height (Fig. 2) to the same extent as their 
healthy siblings and the children in the control group 
(Table 2). Th ere was no reason to suspect that the 20 
children who were older than 14 years of age and who 
had not yet reached their adult height would attain an 
adult height markedly less than their target adult 
height. In all groups, more than 95 percent of the chil- 
dren attained an adult height that was within 9 cm 
above or below their target adult height. 

The mean cumulative dose of budesonide at the 
time of attainment of adult height was 1.35 g (range, 
0.41 to 3.99). The mean duration of budesonide treat- 
ment at this time was 9.2 years (range, 3 to 13), yield- 
ing a mean average daily budesonide dose of 412 pg 
(range, 110 to 877). Twenty children in the budes- 
onide group who were more than 15 years old had 
not yet reached their adult height. Their mean cumu- 
lative dose of budesonide (1.25 g; range, 0.40 to 3.12) 
was not significantly different from that of the chil- 
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Target Adult Height (cm) 

Figure 2. Measured Adult Height in Relation to Target Adult 
Height in 142 Children Treated with Inhaled Budesonide for 3 to 
13 Years. 
Diamonds represent girls, and squares boys. 

dren who had attained their adult height (I?= 0.72). 
There was no significant correlation between the du- 
ration of treatment (P=O.16) or the cumulative dose 
of budesonide (P = 0.14) and the difference between 
the measured and target adult heights (Fig. 3). 

The difference between the measured and target 
adult heights was not significantly associated with the 
subject’s sex (I?= 0.30), age at the beginning of budes- 
onide treatment (P=O.13), age at which adult height 
was attained (P= 0.82), or duration of asthma before 
the start of budesonide treatment (I? = 0.37). 

The standard-deviation score for height and the 
FEV, as a percentage of the predicted value before 
the start of budesonide treatment were correlated (P = 
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TABLE 2. MEASURED AND TARGET ADULT HEIGHTS.* 

GROW No. 

Budesonide 142 
GAS 56 
Boys 86 

controls 18 
Siblings 51 

Girls 27 
Boys 24 

DIFFERENCE BETWEEN 
MEAsuREo TARGEl MEMIRED AND TARGET 

ADULT HEIGHT AWLT HEKJM AIXJLT HEIGHTS (95% Cl) 

centtmeters 

173.229.5 172.9’7.5 +0.3 (-0.6 to + 1.2) 
164.626.0 164.8’3.0 -0.2 (-1.6 to +l.O) 
178.856.8 178.1k4.3 +0.7 (-0.5 to +1.9) 
173.9) 10.1 174.1’8.2 -0.2 (-2.4 to +2.1) 
172.359.5 171.428.7 +0.9 (-0.4 to +2.2) 
165.8k5.6 165.228.7 +0.6 (-1.2 to +2.3) 
179.8+-7.2 178.5k4.9 + 1.3 (-0.7 to +3.3) 

O.OS), indicating that the severity of asthma influ- 
enced growth. Budesonide treatment was associated 
with a significant change in the growth rate during 
the first years of treatment, as compared with the 
run-in period. The mean growth rate was 6.1 cm per 
year (95 percent confidence interval, 5.7 to 6.5) dur- 
ing the run-in period, 5.1 cm per year (95 percent 
confidence interval, 4.7 to 5.5; P<O.OOl) during the 
first year of treatment, 5.5 cm per year (95 percent 
confidence interval, 5.1 to 5.9; P=O.O2) during the 
second year, and 5.9 cm per year (95 percent confi- 

A Treatment Duration (yr) 

Figure 3. Differences between the Measured Adult Height and the 
Treatment (Panel A) and Cumulative Prescribed Budesonide Dose 
Diamonds represent 56 girls, and squares 86 boys. 

dence interval, 5.5 to 6.3; P~0.53) during the third 
year. However, the changes in growth rate during this 
period were not correlated with the differences be- 
tween the measured and target adult heights (I?= 
0.44). The initial growth retardation was significantly 
correlated with age (P= 0.04), with a more pro- 
nounced reduction in younger children. 

The standard-deviation score for height before bu- 
desonide treatment and the difference between the 
measured and target adult heights were correlated 
(P<O.OOl), so that children with a low standard-devi- 
ation score for height before treatment had a smaller 
adult height than expected. There was a trend toward 
an association between the difference between the 
measured and target adult heights and the duration 
of asthma at the time adult height was measured 
(P=O.O7). 

Forty children in the budesonide group used in- 
tranasal corticosteroids for an average of 24 months 
(range, 6 to 72). The adult height of these children 
was similar to that of the children who had never used 
intranasal corticosteroids (P = 0.99). Moreover, the 
difference between the measured and target adult 
heights was not associated with the cumulative num- 
ber of months of use of intranasal corticosteroids 
(P=O.72). 

Compliance with budesonide treatment was calcu- 
lated according to the following formula: 100 X (num- 
ber of doses taken + number of doses prescribed). The 
mean estimated compliance was 68 percent (range, 49 
to 90 percent). The difference between the measured 
and target adult heights was not associated with com- 
pliance (P= 0.38). 

r -20 ! 1 I 8 I 
0 1 2 3 4 

B Cumulative Dose (g) 

Target Adult Height as a Function of the Duration of Budesonide 
(Panel B). 
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DISCUSSION 

We found that children with asthma who had re- 
ceived long-term treatment with inhaled budesonide 
attained normal adult height. Furthermore, we found 
no evidence of a dose-response relation between the 
mean daily dose of budesonide, the cumulative dose 
of budesonide, or the duration of budesonide treat- 
ment and the difference between the measured and 
target adult heights. Our findings suggest that long- 
term treatment with inhaled budesonide does not have 
any clinically important adverse effects on adult height. 
This corroborates the results of retrospective studies 
of smaller groups of children treated for shorter pe- 
riods with inhaled corticosteroids2012i and a prospec- 
tive study of 66 children who were followed for 13 
years until they reached adult height.22 

Normally, 95 percent of the population is expected 
to attain an adult height within 9 cm above or below 
their target adult height .18 This was true for the pa- 
tients in our study, indicating that great individual sen- 
sitivity to the systemic effects of inhaled budesonide 
was uncommon. 

Several studies of growth during a period of one 
year have reported growth retardation of approximate- 
ly 1.5 cm per year in children treated with 400 pg of 
inhaled beclomethasone per day, as compared with 
those receiving placebo .23-26 These data have led to 
the inclusion of warnings about growth retardation 
in the package inserts for inhaled corticosteroids in 
the United States. Our results show the effects of con- 
tinuous treatment for 10 years at the same mean cor- 
ticosteroid dose as in the l-year studies. The growth 
rate during the first year of treatment was on average 
1 cm less than that during the run-in period. Thus, 
our results are consistent with those of shorter studies 
of beclomethasone. The initial reduction in the annu- 
al growth rate did not persist, however, and the adult 
height was not adversely tiected. Furthermore, the 
initial growth retardation in individual children had no 
relation to differences between the measured and tar- 
get adult heights. The reason for the absence of a rela- 
tion is not clear. Others have also found the growth- 
retarding effect of inhaled corticosteroids to be more 
marked during the beginning of treatrnent.26-28 Dif- 
ferences in compliance over time did not seem to be 
the cause. 

Another reason for the discrepancy between short- 
term studies and studies of adult height could be that 
pubertal children are less sensitive than prepubertal 
children to the growth-retarding effect of exogenous 
corticosteroids, as we and others25 have found. Most 
growth studies have been performed in children six 
through nine years of age. Finally, exogenous corti- 
costeroids may retard bone maturation to the same 
extent that they retard growth.29-32 This possibility is 
difficult to assess in children with chronic asthma, 
regardless of whether they use inhaled corticosteroids. 
Such children often have retarded bone maturation, 
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prepubertal growth retardation, and a delayed onset 
of puberty.22,33-3s 

A weakness of our study is that there were few chil- 
dren remaining in the control group by the time they 
reached adult height. Therefore, we measured the 
adult heights of healthy siblings of budesonide-treated 
children, whose genetic growth potential and living 
conditions were very similar to those of the subjects 
in the study group. Although a randomized, double- 
blind design would have been ideal, this was not pos- 
sible in our 15-year study. The demographic similar- 
ities among the various groups suggest that they were 
reasonably comparable. 

Generally, asthma in our patients was well con- 
trolled once treatment with inhaled budesonide was 
initiated. This made it difficult to assess how the se- 
verity of asthma influenced growth. The correlation 
between the FEV, as a percentage of the predicted 
value and the standard-deviation score for height be- 
fore budesonide treatment suggests that severe asthma 
may in itself have a negative effect on growth, as ob- 
served in other studies .36,37 It is less clear whether se- 
vere asthma also has an adverse effect on adult height. 
The strong correlation between the standard-devia- 
tion score for height before treatment and the adult 
height suggests that severe asthma may also adverse- 
ly affect adult height. This is in agreement with find- 
ings in other studies .20@~3s However, many patients 
in the control group who had more severe disease 
dropped out of our study. Thus, among those who 
stayed in the study long enough to have their adult 
height measured, either the disease was milder or the 
asthma had gone into remission. 
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G h rowt in asthmatic children treated with 
fluticasone propionate 
DavJ B. Ah-z, MD, E&in A. &on&y, MD, &a& l? Lnl5brce, MD, Robert A. Nathan, MD, 
Dava G. Tinkehwn, MD, Mark L. vadewa&er, MU, Peter Kon&, MD, ad the F/hYcmone prophate 
Advm Stdy Group 

Objective: To determine whether inhaled fluticasone propionate has long-term 
effects on growth in children with persistent asthma. 

Study design: In a double-blind, randomized, parallel-group, multicenter 
study, 325 prepubescent children with persistent asthma and normal growth 
rates were treated with placebo or inhaled fluticasone propionate powder 50 ~19 
or 100 cog administered twice daily by a breath-actuated device for 1 year. 
Growth was evaluated monthly, whereas other safety variables and pulmonary 
function were evaluated periodically. 

Results: The prepubescent patients showed no statistically significant differ- 
ences in mean height, mean growth velocity, or mean skeletal age between any 
of the treatment groups at any time. Over a period of 1 year, mean height (2 
SE) increased 6.15 + 0.17 cm in the placebo group, 5.94 + 0.16 cm in the flutica- 
sone propionate 50 erg group, and 5.73 + 0.13 cm in the fluticasone propionate 
100 pg group @ = 0.308, overall). 

Conclusions: Prepubescent children treated with fluticasone propionate 50 pg 
and 100 ~lg administered twice daily C’or 1 year grew at rates similar to placebo- 
treated control subjects and at rates equal to expected growth velocity for age. 

(J Pediatr 1998; 132:472-7.) 

Corticosteroids are the most effective ness,2-4 ’ Improvement in lung function5 
anti-intlammatory medications for pa- and asthma symptoms,4 and reduction in 
tients who have asthma requiring daily, pathologic structural changes in the air- 
long-term intervention. ’ Chronic treat- ways.’ Although prolonged treatment 
ment with inhaled corticosteroids has with oral corticosteroids causes undesir- 
been shown to confer many clinical ben- able systemic effects, inhaled cortico- 
et;ts in children with asthma, including steroids generally are well tolerated and 
a reduction in airway hyperresponsive- have been recommended as first-line 
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therapy for patients with mild or moder- 
ately severe, persistent asthma.’ Despite 
this endorsement, some concern remains 
about the potential for inhaled cortico- 
steroids to influence growth in children. 
Resolving this issue is complicated by 
the potential for asthma to delay growth 
and influence bone age, especially if the 
disease is severe or uncontrolled.6-9 

Evidence of growth suppression has 
been observed in patients taking be- 
clomethasone dipropionate in doses of 
400 pg per day or greater10*‘2 in some 
studies, whereas in other studies, includ- 
ing a meta-analysis of 21 studies,13 no 
significant effect on growth was noted 
after treatment with beclomethasone 
dipropionate (up to 600 kg/day) for up 
to 13 years or after treatment with 

budesonide (up to 800 pg/day) for up to 
6 years. 6-7~J4-J6 However, criticisms of 
the design OF these studies have included 
lack of evaluation of pubertal status; in- 

appropriate assessment of pubertal sta- 
tus by age alone; lack of an adequate un- 
treated control group; lack of baseline 
growth velocity data; baseline differ- 
ences in age and height between treat- 
ment groups; and reliance on growth 
monitoring procedures, such as 
knemometxy, which do not accurately 
predict long-term growth. 

Fluticasone propionate is an inhaled 
corticosteroid that undergoes extensive 
first-pass metabolism to an inactive 
metabolite after absorption from the gas- 
trointestinal tract and therefore has negli- 
gible oral systemic bioavailability.” Fluti- 
casone propionate, at doses of 100 M/day 

and 200 pglday, has previously been 
shown to be ef-f’ective and well tolerated in 

short-term, double-blind’8,‘9 and long- 
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term, open-label studies” in children with 
persistent asthma. Therefore these dosage 
regimens were selected in the current 
study, which evaluated the long-term ef- 
fects (over 52 weeks) OF fluticasone propi- 
onate powder on growth in children. 

blind , parallel-group trial. The protocol 
was approved by the Institutional Re- 
view Board at each center. Patients were 
required to have a forced expiratory vol- 
ume in 1 second of at least 60% of the 
Polgar predicted normal value for age 
and height. ‘L3 Eligible patients entered a 
2-week, single-blind, run-in period to 
evaluate eligibility to continue to the ac- 
tive treatment period, confirm asthma 
stability, obtain baseline data, and assess 
patient compliance with the Diskhaler 
device (Glaxo Wellcome, Eureaux, 
France). Patients taking inhaled corti- 
costeroids or other anti-asthma medica- 
tions (for example, P,-agonists, theo- 
phylline, or cromolyn) were allowed to 

continue taking these medications as 
needed during the run-in period. Pa- 
tients had to have stable disease, as de- 
termined by the individual investigator, 
and had to complete the run-in period 
without requiring oral corticosteroid 
therapy. Patients also were supplied 
with albuterol syrup and albuterol in- 
halation aerosol to be used throughout 
the study as needed For the relief of 

radiographs were read and interpreted 
by a central source (FELS Institute, 
Yellow Springs, Ohio). Patients who 
achieved pubescence as defined by a 
sexual maturity rating of greater than 1 
in any Tanner classification during the 
study were allowed to continue but were 
excluded from the prepubescent growth 
analysis. Reports of adverse events were 
elicited by asking nonleading questions 
and also by physical, oropharyngeal, 
and slit-lamp examinations. 

METHODS 
Patient Selection 

Children were eligible for the study if 
they met the American Thoracic Society 
criteria” For asthma and had normal 
growth rates as defined by height mea- 
surements (one measurement taken 6 to 
18 months before the study and one at 
screening) between the 5th and 95th cen- 
tiles and growth velocity between the 
10th and 97th centiles (Serono Laborato- 
ries, Nor-well, Mass.). All height mea- 
surements were taken using identical 
wall-mounted Harpenden stadiometers 
(manufactured by Holtain, Crymmych, 
Wales). Patients were prepubescent as 
defined by a sexual maturity rating of 1 
in any Tanner classiC;cation. ” The pa- 
tients had a history of’ persistent asthma 
For at least 3 months. The boys were aged 
between 4 and 11 years and the girls were 
aged between 4 and 9 years. Patients 
were excluded if they had received sys- 
temic, intranasal, or ophthalmic cortico- 
steroids within the month bepore study 
entry, or had cataracts, glaucoma, or any 
other significant concurrent disease or 
condition. Previous systemic cortico- 
steroid use was limited to a total OF 60 
days within the 2 years before study 
entry. Patients on a maintenance dose of 
inhaled corticosteroids were required to 
maintain a fixed dosage regimen for at 
least 3 months before screening. At 
screening, the dose of inhaled cortico- 
steroid was not to exceed 8 puffs/day of 
beclomethasone dipropionate or triamci- 
nolone acetonide or 4 puffs/day of flu- 
nisolide. Patients not on a fixed regimen 
of inhaled corticosteroid were not al- 
lowed to use inhaled corticosteroid for 
more than 60 days within 2 years before 
screening. All patients or their legal 
guardians gave informed consent. 

Patients were withdrawn from the 
study because of lack OF efficacy if they 
required more than two 7-day bursts of 
oral corticosteroids or if the investigator 
determined that the asthma symptoms 
were unstable. Female patients also 
were withdrawn if they became menar- 
cheal. Additional withdrawal criteria in- 
eluded the use ofintranasal or inhaled 
corticosteroids and the use of prohibited 
anti-asthma medications in addition to 
study medications for asthma control. 
Final study assessment was performed 
at the time OF study withdrawal. 

StatidticalAnalydi 
Traditional safety analyses were based 

acute symptoms. 
At the end of the run-in period, eligi- 

ble patients were stratified according to 
inhaled corticosteroid use at study entry 
and randomly allocated to receive Cluti- 
casone propionate 50 pg or 100 pg, or 
matching placebo, twice daily via a 

Diskhaler. Patients also were instructed 
to discontinue use of their previously in- 
haled corticosteroids and continue other 
anti-asthma medications. Compliance 
was measured at each visit by counting 
the number of package blisters that were 
used divided by the number of blisters 
that should have been used during the 
interval. 

on data from the intent-to-treat popula- 
tion, comprising all patients exposed to 
the study drug, whereas the growth 
analyses were based on the same popu- 
lation minus patients who achieved pu- 
bescence during the study. The target 
enrollment size of 90 patients per treat- 
ment group was chosen to provide 80% 
power OF detecting a 1 .O cm per year dif- 
ference in height velocity between treat- 
ment groups. 

All statistical tests were two-sided, 
with treatment differences below the 
0.05 level considered statistically sig- 
nificant. Comparisons between treat- 
ment groups for nonparametric vari- 
ables were based on the Cochran- 
Mantel-Haenszel test, controlling for 
investigators; comparisons for para- 
metric variables were based on an 
analysis of variance F test, controlling 
For investigator. Growth and spiromet- 
ric data were tested For treatment dif- 
Ckrences using an analysis of variance 
F test, controlling for investigator. Ad- 
verse events were tabulated by treat- 
ment group and analyzed for treat- 

4 

Growth ani3 Other Variabh 
Patients were evaluated at the begin- 

ning and end of the run-in period, after 
the first, second, and fourth weeks of the 
treatment period, and then every 4 
weeks throughout the 52-week treat- 
ment period. Growth was measured 
monthly and other safety variables were 
monitored at predetermined intervals. 
Radiographic determination of bone age 
of the left hand and wrist was performed 
at baseline and at weeks 24 and 52; the 

stl.dy Dekgn 
Nineteen clinical centers participated 

in this prospective, randomized, double- 
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Tu.&i I. Clwxal characterlstlcs and pulmonary functron In prepubescent patients at 
screening 

Tab/t ZZ. Previous corticosterold use and concurrent asthma medlcattons at screenlne 

ment differences using the Fisher ing factors: abnormal ophthalmic find- 
exact test. ings (4 patients), unstable asthma (3 pa- 

tients), use of prohibited concurrent 

RESULTS medications (3 patients), failure to meet 

st&y Population 
inclusion or exclusion criteria (2 pa- 
tients), or miscellaneous reasons (7 pa- 

Three hundred Forty-four patients 
I 

were entered into the single-blind 
tients). Of the remaining 325 patients 

screening period. 
assigned to use the study drug, 57 

Nineteen patients 
were not entered into the double-blind 

showed signs of puberty during treat- 

treatment period because of the follow- 
ment (placebo, 19; f’luticasone propi- 
onate 50 pg, 26; tluticasone propionate 

100 clg, 12) and therefore were excluded 
from the growth analyses. The remain- 
ing 268 prepubescent patients had simi- 
lar clinical characteristics at baseline 
across treatment groups (Table 1). The 
use of concurrent asthma medications 
during screening also was similar among 
treatment groups (Table 11). Oral corti- 
costeroid bursts in patients who com- 
pleted the study were comparable 
among treatment groups (placebo, 25; 
fluticasone propionate 50 clg, 14; flutica- 
sone propionate 100 pg, 17). Compli- 
ance rates ranged between 90% and 
94% and were similar across treatment 
groups. Only 66% of prepubescent pa- 
tients in the placebo group completed 
the 52-week treatment period compared 
with more than 80% of patients in each 
of the two fluticasone propionate 
groups. Most of the patients not com- 
pleting the study in the placebo group 
were withdrawn because of inadequate 
asthma control. Twenty-three percent of 
patients treated with placebo withdrew 
from the study because of lack of effica- 
cy compared with 2% and 4% of patients 
treated with fluticasone propionate 50 
pg and 100 pg, respectively. 

Growth Data (Prepub~cent 
Patientd) 

Nearly all patients in all three groups 
grew at normal rates over the entire 
study. There were no statistically signifi- 
cant differences between treatment 
groups in any growth parameter at any 
time. The mean height increases from 
baseline to 52 weeks were 6.15 2 0.17 
cm, 5.94 * 0.16 cm, and 5.73 2 0.13 cm, 
in patients treated with twice daily doses 
of placebo, fluticasone propionate 50 ~lg, 
and fluticasone propionate 100 pg, re- 
spectively (p = 0.308, overall) (Fig. 1). 
At the end of treatment, corresponding 
values for mean growth velocity were 
6.10 + 0.17, 5.91 2 0.16, and 5.67 + 0.13 
cm/year with placebo, fluticasone propi- 
onate 50 bg, and tluticasone propionate 
100 pg, respectively (p = 0.3 13, overall). 
Corresponding values for mean change 
from baseline in growth velocity were - 
-0.11 + 0.15, -0.40 2 0.20, and -0.46 f 
0.15 cm/year, respectively (p = 0.380, 
overall). These changes in height at the 
end of treatment were comparable to 
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normal growth rates for patients of simi- 
lar age. The numbers of patients who 
grew at a slightly lower rate (less than 
4.0 cm/year) in the placebo, fluticasone 
propionate 50 M, and fluticasone propi- 
onate 100 j.Lg treatment groups were 0, 
3, and 3, respectively. 

Skeletal maturation at baseline was 
comparable to chronologic age at base- 
line for all treatment groups. At the end 
OF 1 year oc’ treatment, the mean change 
from baseline in skeletal age was 1.13 2 
0.06 years, 1.13 +: 0.06 years, and 0.95 f 
0.05 years, in patients treated with twice 
daily doses OF placebo, fluticasone propi- 
onate 50 pg and tluticasone propionate 
100 pg, respectively (p = 0.146, overall). 
No statistically significant differences 
were observed in the resultant mean 
skeletal ages across treatment groups. 

Other Safety Memurti 
No significant differences were noted 

among treatment groups with respect to 
drug-related adverse events, clinical lab- 
oratory tests, and ophthalmologic exami- 
nations. One patient treated with flutica- 
sone propionate 100 kg developed a 
trace of a posterior subcapsular cataract 
in the let-t eye at week 24 and was with- 
drawn from the study. The investigator 
assessed the event as probably related to 
the study drug. However, this patient 
had been treated with inhaled be- 
clomethasone dipropionate and periodic 
bursts of oral corticosteroids for approx- 
imately 2 years before entry into the 
study. Potentially drug-related adverse 
events occurred in 8% to 14O/o of patients 
in the three treatment groups (Table 111). 

DISCUSSION 

This is the first prospective, l-year 
study evaluating the effects OF Iluticas- 
one propionate on growth in children. 
The results of this study demonstrate 
that long-term administration of inhaled 
Uuticasone propionate 100 pg/day and 
200 @g/day is well tolerated in children 
with persistent asthma. No statistically 
signiljcant differences were noted be- 
tween fluticasone propionate and place- 
bo treatment groups with respect to 
height measurement, growth velocity, or 
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pk. 1. Mean (+ SE) change In height in prepubescent pattents after treatment wrth twice dally doses of 
placebo. flutlcasone pmpionate 50 pg or fluticasone pmplonate IO0 pg for I year: 

Table III. Drug-related adverse events observed In 12% of patients 

skeletal age. During this study, nearly all 
the patients grew at normal growth rates 
for children in this age group, regardless 
of whether they received tluticasone 
propionate or placebo. 

The data presented in the current 
study are consistent with those of other 
studies in which growth was not im- 
paired in children who were treated for 
at least 1 year with inhaled budesonide 
200 pg/day16 or 400 pg/day’ or with 
beclomethasone dipropionate 300 pg/ 
day. I6 In contrast, growth was sup- 
pressed in children who received be- 
clomethasone dipropionate 400 pg/day 

for 7 months,1° 400 pg/day for 1 year,“l 
or 200 pg/day to 800 e/day for up to 6 
years. I1 However, the latter three stud- 
ies1°-12 have variously been criticized for 
short duration,“’ lack of assessment of 
pubertal status, I2 lack of an untreated 
control group, l2 lack of baseline growth 
velocity measurements,lO’l’L use of 
chronologic age versus bone age assess- 
ments,1°,12 and differences between 
treatment groups in baseline heights and 
ages. I’*‘* These problems of study de- 
sign limit the usefulness of the data in 
providing definitive conclusions regard- 
ing an etlkct on growth in children. 
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The current study was carefully de- 
signed to minimize confounding Factors 
described in the previous studies. This 
study was prospective, double blinded, 
randomized, and placebo controlled. Be- 
cause results can-be confounded by the 
growth rate changes of puberq, prepu- 
bescent children were the intended sub- 
jects in this study. Age limits were de- 
fined separately for boys and girls to 
prevent patients who were likely to be 
entering puberty from participating in 
the study; patients who achieved pubes- 
cence during treatment were excluded 
from the growth analyses. In the current 
study, prepubescent patients were en- 
rolled only after their growth patterns 
were confirmed as being normal by at 
least 6 months of prestudy evidence; 
large numbers of patients were followed 
up For 1 year to offset interpatient vari- 
ability and seasonal variation. All cen- 
ters used the same equipment and meth- 
ods to ensure standardized measurements. 
Bone age assessments and stratification 
by inhaled corticosteroid use also were 
included in the design of this study. 

A positive relationship between in- 
haled corticosteroid dose and growth re- 
tardation has been observed when suff- 
cient doses are given. Agertoft and 
Pedersen’ evaluated the etlkct of budes- 
onide on growth in 2 16 children for 3 to 
6 years and found that budesonide re- 
duced growth only when the daily 
dosage exceeded 400 pg/day. Todd et 
a1.24 reported growth retardation with 
tluticasone propionate at higher than 
recommended doses (between 1000 
kg/day and 2250 wg/day) in 6 children 
with severe asthma. In the current 
study, although there were no statistical- 
ly significant differences in mean height 
change, growth velocity, or skeletal age 
between treatment groups at any time, 
there was an overall difference of 0.42 
cm/year in mean change from baseline in 
height between prepubescent patients 
treated with tluticasone propionate 100 
pg and prepubescent patients treated 
with placebo. The numbers of oral corti- 
costeroid bursts in patients who com- 
pleted the study were comparable across 
treatment groups. Thus oral cortico- 
steroid use was not an obvious con- 
Founding factor in the assessment OF 

growth in this study. However, these dif- 
ferences could reflect either a small drug 
effect or withdrawal of poorly con- 
trolled, slower growing children from 
the placebo group because of worsening 
of asthma control. Patients who re- 
mained in the placebo group probably 
had milder asthma compared with the 
patients who remained in the active 
treatment groups. However, it was not 
appropriate to perform a carry-forward 
analysis to allow for early withdrawals, 
because observation of growth for peri- 
ods of less than 1 year introduces errors 
resulting from the lluctuations in the 
growth rate that normally occur in chil- 
dren. 

In conclusion, the design of this study 
evaluating the effect of an inhaled cor- 
ticosteroid on growth represents the 
first of its kind to address multiple con- 
founding factors that weakened the re- 
sults of previous growth studies. The 
overall results of this study indicate 
that growth was not significantly im- 
paired in children with asthma after 1 
year of treatment with tluticasone pro- 
pionate 100 pg/day or 200 pglday. Be- 
cause the mean growth rate of prepu- 
bescent children treated with tlutica- 
sone propionate remained normal for 
age, a trend of slower growth compared 
with children treated with placebo most 
likely retlects drop-out of ill, poorly 
growing children From the placebo 
group. However, a small drug effect on 
growth cannot be definitively excluded. 
Consequently, it remains appropriate to 
use the minimum effective dose of in- 
haled corticosteroid in children and to 
monitor the growth of children by 
using stadiometry during treatment, 
particularly at higher doses. 
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GLOMERU~AR FILTRATION RATE, EFFECTIVE RENAL BLOOD FLOW,AND MAXIMAL TUBULAR 

EXCRETORY CAPACITY IN INFANCY 

Wwt JR, Smith HI&( ChW H..I Pe&tr /948,32::/0-8 

The first half of this century saw enormous advances in our understanding of kidney physiology. 
Much of this work was based on the knowledge that certain substances were cleared from the body al- 
most completely by glomerular filtration (e.g., mannitol) or tubular secretion (e.g., p-amino-hippurate). 
Thus the “clearance” (another relatively new concept) of such substances could be used as a measure of 
glomerular filtration rate (GFR) or renal blood flow. The great renal physiologist Homer Smith and his 
group were responsible for a large part of this work. 

In this study Smith and coworkers undertook careful measurements of CFR and renal blood flow in 
23 infants under the age of 2 years in an effort to study the maturation of these functions. Recognizing 
that increases in CFR or renal blood flow could result from either growth or maturation, they discussed 
the rationale for “correcting” results For surface area as a way OF dissecting out changes caused by matu- 
ration. This study provided the information that both measurements, corrected for surface area, reach 
“adult” values by 1 year of age in normal infants. This concept continues to be recognized as generally 
accurate. 

There is a somewhat disturbing footnote to this work, however. These studies involved the placement 
of intravenous lines and bladder catheters in healthy infants. Although the authors were careful to thank 
Dr. Emmett  Holt at Bellevue for his “cooperation” in the work, there is no mention of outside ethical re- 
view of the undertaking or of the way in which consent was obtained From the parents of the children. It 
is most unlikely that any contemporary human investigation review board would permit such studies. 
Fortunately, the protections we accord to infant subjects in research have advanced as much as our un- 
derstanding of their kidneys! 

Tbunuu R. Welch, MU 
Div~bn of Pcdktric Ncfbroh.* 
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Abstract 

Inhaled corticosteroids are established as the most effective treatment for childhood 

asthma. However, concerns persist regarding their potential effects on growth and, 

most importantly, final height. 

To assess their effects on growth, inhaled corticosteroids can be compared with 

placebo (type 1 study), non-steroidal anti-asthma therapy (type 2 study), another 

inhaled corticosteroid (type 3 study) or “real-life” anti-asthma therapy (type 4 study). 

Owing to the difficulties in obtaining final height data, several different surrogate 

measures have often been used: short-term lower leg growth, longer-term statural 

height growth velocity, childhood height and predicted final height. This paper 

discusses the choice of endpoint, key trial design issues, including selection and 

number of subjects in the active and control populations, duration of assessments, 

methods for measuring height and data analysis, in the context of the different study 

types. 

Specific study design recommendations have been developed following the above, 

and these principles will be used to guide the interpretation of previously published 

growth studies. 
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Introduction 

The potent anti-inflammatory effects of corticosteroids rapidly established these 

agents as the most effective treatment for asthma. However, the systemic effects of 

oral corticosteroids were soon observed in children, who developed central obesity 

and reduced growth velocity [ 1, 21. This led to the development of methods to deliver 

corticosteroids directly to the lungs by inhalation and the introduction of inhaled 

beclomethasone dipropionate in the early 1970s [3, 41. Drug delivery by inhalation 

proved to be advantageous as the systemic effects typically associated with oral 

corticosteroids were reduced to a minimum [5]. Recent data indicate the introduction 

of inhaled corticosteroids reduces asthma-associated growth suppression, by allowing 

reduced use of oral corticosteroids and by improving the control of asthma [6]. In the 

development of treatment regimens to optimize the control of asthma symptoms, there 

has been a trend for progressively higher doses of inhaled corticosteroids to be used in 

milder asthma and in younger children. 

Inhaled corticosteroids remain the most effective treatment for persistent asthma and 

are recommended as first-line therapy for children with persistent symptoms [7], 

although concerns persist regarding their possible effects on childhood growth and 

particularly any effects on adult height. The interactions of glucocorticosteroids with 

growth hormone and the regulation of growth are complex. Acute exposure to 

glucocorticosteroids can enhance growth hormone release [8], but long-term exposure 

impairs its release [9]. Glucocorticosteroids can also inhibit the effects of growth 

hormone at target tissues and reduce the activity of insulin-like growth factor- 1 [lo]. 

The effect of systemic glucocorticosteroids on growth is thought to be dose-dependent 
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[ 111. Thus, all inhaled corticosteroids could, in theory, cause growth impairment if 

administered at a sufficiently high dose. 

In July 1998 the FDA held a 2-day meeting, reviewing all relevant inhaled and 

intranasal corticosteroid data with regard to childhood growth [ 121. The stated aim 

was to consider making recommendations about class labelling for these treatments, 

to safeguard the health and safety of children with asthma requiring such treatment. 

Of the 55 studies reviewed by the FDA, most were considered to be poorly designed 

and generally the results of these latter studies showed no effect on growth or were 

inconclusive. Only four randomized studies of at least 6 months’ duration were 

considered well-designed [ 13 - 161, and these showed a mean reduction in growth 

velocity of 1 cm per year compared with placebo or other control (0.5 - 1.5 cm*yi’). 

These studies also showed a mean reduction in growth velocity standard deviation 

score (SDS) of 0.58 (0.28 - 0.88). 

On this basis the FDA recommended class labelling for all inhaled and intranasal 

corticosteroids pertaining to the possible effects on growth velocity in children with 

asthma [ 171. They recommended that growth should be regularly monitored by 

stadiometry in patients receiving these agents, that each patient should be titrated to 

the lowest effective dose, and that growth studies would be required for all new 

products and requested for all approved products. 

The FDA also recommended the following “gold standard” for the design of growth 

studies: i) a minimum of 6 months’ run-in with height measurements made on at least 

3 separate occasions, ii) a minimum of 1 year’s randomized treatment to avoid 

seasonal effects and iii) a 6-month follow up period at the end of the randomized 

phase during which non-steroidal treatment is administered. Clearly this latter 
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recommendation poses substantial medical and ethical problems in patients whose 

asthma is wholly or partly controlled by inhaled steroids, as well as being impractical 

to conduct and fraught with difficulties in terms of analysis. 

Careful consideration of many different factors is required when interpreting the data 

from growth studies as several aspects of study design can confound the results. In 

addition, the fact that asthma itself can affect childhood growth further complicates 

the interpretation of these studies [ 18 - 201. Long-term, accurate and precise 

measurement of growth is necessary to avoid the problems of short-term and seasonal 

variations in growth velocity. The inclusion of a valid comparator group is also 

important, while a relatively large number of patients is required to provide 

appropriate statistical power. In many studies, fixed-dose inhaled corticosteroid 

therapy is used and, consequently, children whose asthma symptoms are well 

controlled receive a higher dose than they would do in clinical practice. These and a 

number of other key issues necessitate careful consideration in designing and 

interpreting the results of growth studies in children with asthma. 

The purpose of this two-part review is to highlight key factors to be considered when 

designing or appraising studies to assess the effect of inhaled corticosteroid treatment 

on growth velocity, and to examine the findings of previously published studies. The 

first part will focus on aspects of study design and provide recommendations for the 

design of scientifically robust growth studies. The second part will comprise a 

systematic review of published growth studies, and discuss the design and results of 

these studies in light of these recommendations. 
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Factors affecting childhood growth 

Childhood growth is a complex process, dependent upon pulsatile, principally 

nocturnal, release of hormones (principally growth hormone) and, in later childhood, 

sex hormones [lo]. Three distinct post-natal growth phases are identifiable. During 

infancy, there is a period of rapid growth, with body length typically increasing by 

50% in 1 year. The height achieved at the end of this growth phase is principally 

dictated by genetic and nutritional factors, but birthweight exerts an influence on 

growth velocity. Prematurely born infants, and some individuals who were small for 

their gestational age, demonstrate “catch-up” growth during the first year of life, and 

this process may continue for as long as 2 years. Following infancy, there is a period 

of gradually decelerating growth that lasts until puberty. During this period, growth is 

mostly determined by growth hormone secretion alone, and few children cross into 

different height percentiles. The third growth phase is associated with puberty and 

consists of an initial period of slow growth (slower than the previous years of 

relatively steady growth) followed by a growth spurt that lasts about 2 years. Sex 

steroids and growth hormone control this phase of growth. Importantly, many other 

factors can affect growth velocity during all phases of childhood growth (table l), and 

these need to be accounted for when designing scientifically robust growth studies. 

Growth study design classification 

At the outset of a clinical trial, it is important to clarify whether the aim is to measure 

the absolute effect of an inhaled corticosteroid on growth or to compare it with an 

alternative treatment approach (e.g. alternative inhaled corticosteroid, or non-steroidal 

therapy with or without oral corticosteroid treatment as required). We have devised a 



simple classification system for clinical trials assessing growth in children with 

asthma receiving inhaled corticosteroids (fig. 1). Type 1 studies use a placebo group 

for comparison with inhaled corticosteroid treatment; type 2 studies use non-steroidal 

asthma therapy as the comparator; and type 3 studies compare one inhaled 

corticosteroid with another. Type 4 studies are “real life”, typically observational 

studies, and the inhaled corticosteroid is compared with any other treatment the 

patient requires and the dose is adjusted according to asthma control, as is normal in 

clinical practice (usually, the dose of inhaled corticosteroid is also adjustable). Study 

types 1 - 3 are randomized, prospective studies and provide direct controlled 

comparison between treatment groups in the clinical trial setting. However, type 4 

studies may not be randomized, and may not be prospective (i.e. specific patients may 

be followed Corn the beginning to the end of the study, or data on a group of patients 

may be collected retrospectively using treatment databases). The “trunk” criteria or 

minimum requirements for all these studies are: statural height measured by 

stadiometry and a minimum study duration of 1 year. Stadiometry is widely 

acknowledged as the most reliable means of measuring height, while a study period of’ 

1 year is long enough to avoid potentially confounding seasonal variation in growth, 

and to establish the presence of a genuine treatment effect. 

A type 1 study may provide ideal data for measuring the absolute effect of the inhaled 

corticosteroid on growth - indeed, the FDA have recommended that this type of study 

be used for this purpose. However, there are both ethical and statistical problems 

associated with this approach. Ethically, type 1 studies are only feasible in patient 

populations with mild - moderate asthma, as placebo is inappropriate for patients with 

more serious disease, prone for example to significant symptomatic deterioration and 

exacerbations, and ethical recommendations are continuing to tighten in many 
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countries. As a result, it is not possible to directly compare high-dose inhaled 

corticosteroid treatment with placebo in an appropriate patient population. In addition, 

withdrawal of patients experiencing severe symptoms of asthma is significantly more 

likely from the placebo group, leading to an imbalance in disease severity in the two 

groups completing the trial. Since disease severity can affect growth velocity (see 

section on “Selection of subjects” for more detail) [ 11, 201 a bias towards greater 

growth velocity in the placebo group can be expected. An additional source of bias 

could be improved asthma symptom control in the inhaled corticosteroid group 

compared with the placebo group, although the effect of this on growth velocity 

remains to be determined. 

Non-steroidal therapies are considered to have no direct effect on growth velocity and 

the ethical difficulties with this type of study (type 2) are reduced in comparison with 

the inclusion of a placebo group. However, differential symptom control with 

steroidal versus non-steroidal therapy could bias the results in the same way as for 

type 1 studies, and to minimize the likely differences type 2 studies are suitable only 

for patients with mild - moderate asthma. Since oral corticosteroids may be required 

to control exacerbations, particularly for patients with less mild disease, type 2 studies 

will likely compare the inhaled corticosteroid with an alternative “treatment strategy” 

as opposed to strictly non-steroidal therapy. Clearly, all oral corticosteroid use needs 

to be carefUlly documented. Another disadvantage of a study comparing an inhaled 

corticosteroid with non-steroidal treatment is that blinding can be difficult. 

Nevertheless, there are medical and ethical arguments in favour of type 2 studies over 

type 1, as all patients receive some form of anti-inflammatory treatment. Statistically, 

both type 1 and type 2 studies should be designed to establish at least non-inferior 
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growth in the inhaled corticosteroid group (i.e. one-way equivalence studies; see ‘data 

analysis’ section). 

Type 3 studies are useful in enabling physicians to choose between different inhaled 

corticosteroids for the treatment of children with asthma. A distinct advantage of 

these studies is that patients with more severe asthma can be enrolled with a minimum 

of problems from differential symptom control in the two study groups. Type 3 

studies cannot, however, provide information on the absolute effect of a particular 

inhaled corticosteroid on growth. Also, the use of oral corticosteroids by patients in 

type 3 studies will complicate the interpretation of the results, as any reduction in 

growth could be attributed to either form of corticosteroid therapy. Statistically, type 3 

studies may be powered to establish non-inferiority or superiority depending on 

whether the objective is to show that the inhaled corticosteroid is as good as or better 

than the comparator in terms of any effect on growth velocity (see ‘data analysis’ 

section). 

A weakness of study types 1 - 3 is their use of fixed-dose medication. This is 

impractical in the long-term and inevitably leads to some patients receiving 

inappropriate doses - in the case of inhaled corticosteroids this may lead to 

unnecessary systemic effects and therefore, potentially, reduced growth velocity. By 

allowing appropriate dose adjustment, type 4 studies are more likely to give a true 

indication of effects on growth velocity as seen in clinical practice. Also, because a 

variety of comparator treatments can be used, there is little constraint on the severity 

of asthma that can be assessed in type 4 studies. This is the most suitable study type 

for assessing treatment effects on final height. However, a delay of puberty caused by 

inhaled corticosteroid treatment may not be detected if final height is the endpoint - 
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height measurement throughout the study is necessary to fully characterize any 

treatment effects on growth. One of the main difficulties with type 4 studies is 

statistical analysis. Events such as dose adjustment, use of oral corticosteroids and 

poor asthma control that could affect growth will occur in most subjects during long- 

term studies, and it may be expected that not all these events will be fully 

documented. In addition, if the study is retrospective, differing prescribing practices 

may have resulted in only the more severely ill patients receiving inhaled 

corticosteroids and hence again disease and drug effects are confounded. Type 4 

studies showing similar outcomes between treatment groups indicate that the inhaled 

corticosteroid does not impair growth, but if there is a difference between patient 

groups the difference may not be able to be attributed to the study treatment. Thus, 

type 4 studies should always be designed to establish non-inferiority as opposed to 

superiority (see ‘data analysis’ section). 

A further consideration regarding type 4 studies relates to generally accepted 

treatment guidelines which include ‘step-down’ therapy for individuals whose asthma 

has been brought under control. This approach can be adopted to ensure that the study 

reflects everyday clinical practice, although care must be taken to avoid exacerbations 

caused by premature or excessive dose reductions. The starting dose may either be 

fixed for all subjects, or chosen by the investigator according to each patient’s 

requirements. 

Growth studies: design criteria 

Choosing a parameter to assess effects on growth 
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It is important that a suitable parameter is chosen to measure the effects of an inhaled 

corticosteroid on growth. In the long-term, final height is of most interest to 

physicians, patients and their parents. However, the difficulties of obtaining final 

height data dictate that suitable surrogate parameters are used. The principal endpoints 

that have been used in previous studies are reviewed below. 

Lower leg growth during childhood 

Knemometry is a sensitive technique used to measure short-term changes in lower leg 

length. The accuracy and precision of knemometry measurements are usually high. 

However, knemometry data correlate poorly with statural height and tend to 

overestimate any potential effects on growth [21, 221. The technique is confounded by 

movement of dermal water in the lower leg, reducing the accuracy of measurements 

and questioning the relevance of this parameter as a true growth measurement [23]. In 

addition, short-term measurement of growth is prone to poor reproducibility due to 

seasonal variations. Thus, short-term lower leg growth is subject to misinterpretion if 

an attempt is made to relate the data to long-term statural growth. 

Growth during childhood 

There is no clear relationship between growth velocity during childhood and final 

height [24]. However, given the difficulties of obtaining final height data and the lack 

of sensitivity when measuring height, growth velocity during childhood is an 

attractive option for assessing the effects of inhaled corticosteroids for study types 1 - 

3 (and for short-duration type 4 studies). Assessments of growth velocity must 

account for all the key sources of variability in growth (table l), and the choice of an 

appropriate comparator group is of importance. 
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Successive measurements of growth velocity are not well correlated because of the 

cyclical nature of growth over the short- (l-year) and longer-term (2-year) [25,26]. 

Given the cyclical nature of growth, control data are essential for any study and, 

because of the longer-term trends in childhood growth (fig. 2), it would be unwise to 

incorporate a wide range of ages into any particular study. A wide age range implies a 

wide range of expected growth rates, increasing the difficulty of detecting treatment 

effects. 

A number of different methods can in theory be used to assess childhood growth. 

Extrapolation of knemometry data to longer-term childhood growth (e.g. annualizing 

l-month data) has limited value because of short-term variability in growth velocity 

[2 1, 271. Furthermore, if an inhaled corticosteroid affects growth to a certain extent 

during the early months of treatment, with growth velocity during later treatment 

approaching normal (as suggested in some studies) [ 16, 281 annualizing short-term 

data would overestimate the effect of treatment on growth. Change in height from the 

beginning to the end of a long-term study can be used, but the use of just two 

timepoints considerably increases the potential for inaccurate data due to 

measurement error. A more accurate estimate of growth rate is obtained by measuring 

height at a number of timepoints during the study, then performing linear regression 

of height against time. Growth velocity data are therefore dependent on the precision 

and accuracy of height measurement, upon which is superimposed the biological 

variability arising from short- and long-term growth cycles. 

Comparison with normal growth values from a population of healthy children is 

possible, and is one method favoured by regulatory authorities and growth experts, 

not least because the method allows correction for any intergroup differences in age 
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or sex distribution. To achieve this, data from the study population are converted to 

growth SDS. This involves subtracting the “standard’ or normal growth velocity for 

the subject’s age and sex from the observed value in the population, and dividing the 

result by the standard deviation of the standard population value. The sole focus in 

this case should be comparison between study groups rather than comparison with a 

“normal” population, as differences from “normal” values could either be due to 

asthma itself or to the treatment. For patients with severe disease, who require high- 

dose inhaled corticosteroid therapy, reduced growth velocity is likely to be observed 

but cannot simply be interpreted as due to the corticosteroid. Also the effect may not 

be unacceptable in this population, because poorly controlled asthma may lead not 

only to impaired growth, but also to serious morbidity or even death. SDS may also 

be helpful in determining the effect of asthma itself when examining differences in 

growth velocity between asthmatic patients treated with placebo or non-steroidal anti- 

inflammatory agents and age- and sex-matched healthy subjects. This is most likely to 

be applicable in type 1 and 2 studies. “Normal” population data are unavailable for 

most national populations, making it impossible to account for ethnic or 

environmental differences that are particularly problematic in multicentre studies. 

Whatever method is chosen to measure growth, it is important to consider the 

limitations of all growth velocity data, given the potential variability of growth 

velocity over time for any individual child. 

Height during childhood 

Unlike growth velocity, measurement of height at a particular age correlates well with 

final height [24, 291. This is not surprising as, although height is dictated by 

cumulative growth rate, the correlation relates to the probability of an individual 



14 

remaining within the same height percentile after a period of time. Successive height 

measurements are highly correlated, particularly in pre-pubertal children after the age 

of 3 years, as these children generally remain in the same height percentile until the 

onset of puberty. Prior to this age, height adjustment from infant levels to the 

genetically determined percentile causes considerable variability. Height does not 

provide a sensitive measure of impaired growth for the whole study population, as a 

reduction in growth velocity may not be manifested as a noticeably low absolute 

height at the end of a study period. Therefore, height alone is a less suitable parameter 

than growth velocity for the primary endpoint in study types 1 - 3, and short-duration 

type 4 studies. However it can be helpful in assessing individual patients whose 

growth and therefore longer-term height is severely affected by steroidal treatment. 

If height is to be used as a study parameter, height at the beginning and end of 

treatment should be expressed in height centiles with respect to the “normal” 

population and compared. A shift to a lower centile over the period of the study can 

be interpreted as evidence of impaired growth. 

As mentioned above, the use of just two timepoints increases the potential for 

inaccurate data due to measurement error. Therefore the accuracy and precision of 

height measurements made by trained staff using high-quality apparatus becomes 

even more important. 

Predicted adult height 

A number of different methods have been used to predict children’s final height. The 

most commonly used are those of Roche-Wainer-Thissen, Bayley-Pinneau and 

Tanner-Whitehouse, all three of which require assessment of skeletal maturity [30 - 

321. The 95% confidence intervals of these methods are approximately 7 - 9 cm in 
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healthy individuals [33]. The accuracy of the Tanner-Whitehouse technique has been 

optimized by including allowance for parental height as well as height and skeletal 

maturity [32]. Height alone may be used to predict final height. For healthy children, 

the 95% predicted interval for final height has been shown to be + 1.5 SDS (i.e. 

approximately 10 cm) around the value that was predicted using height alone [29]. As 

with the Tanner-Whitehouse method, the inclusion of mid-parental height improves 

the estimate predicted final height. 

As with height, it is questionable whether corticosteroid treatment would exert a 

measurable or clinically significant effect on predicted adult height during a study 

period, particularly if there is a lag between treatment and effect on skeletal 

ossification. Measurement of the effect of inhaled corticosteroids on predicted final 

height will be complicated by the fact that asthma itself can delay skeletal maturity 

and affect childhood growth patterns. In addition, bone age can only be estimated 

accurately in children aged over 2 years, and height prediction is reliably performed 

only in children aged over 6 years. Therefore, predicted final height is not considered 

as a suitable primary endpoint for study types 1 - 3 and short-duration type 4 studies. 

Final height 

Reduced final adult height is the principal clinical concern and is the preferred 

primary endpoint for type 4 studies, but is the most difficult endpoint for obtaining 

prospective data. Measurements of final height have similar accuracy and precision to 

measurements of height during childhood, but the long duration of final height studies 

means that such data cannot be obtained until the drug has been available for many 

years. Prospective, randomized, double-blind studies are impractical and very 

expensive and complete datasets (including total corticosteroid use, disease control 
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and severity) are difficult to obtain from retrospective studies. Nevertheless, one 

large, long-term prospective study has now been performed in children with complete 

datasets [24]. This showed that treatment of asthma with budeson~ide had no effect on 

final height, despite a significant decrease in growth velocity during the first 2 years 

of treatment. 

It is possible to include additional factors to improve the interpretation of data when 

using final height as the endpoint. The spread of heights in the general population is 

approximately 23 cm; this can be reduced to around 8 cm if parental height is used 

and to 4 cm if predicted height is used (the spread of predicted height is dependent on 

the age at which the estimate is made: approximate values are 7 cm at age 6 - 11, 5 

cm at age 12 and 4 cm age 13) [32]. These reductions in error facilitate detection of an 

effect of corticosteroid therapy on final height by increasing the accuracy of the 

expected outcome (i.e. if future growth remained unaffected). It is therefore 

recommended that final height is predicted at the outset of all final height studies, 

even when a non-steroidal control group is included, to maximize the likelihood of 

detecting a treatment effect. In addition, if parental height is to be used, the same 

rigorous measurement guidelines as applied to patient measurements should be 

applied. 

Selection of subjects 

Age/pubertal status 

Growth during puberty is highly variable, usually non-linear and difficult to predict. 

Therefore, to avoid this problem and obtain a sensitive measure of drug effect, it is 

necessary for studies measuring growth velocity, change in height or change in 
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predicted final height to include pre-pubertal children only [34]. Upper age limits 

should be implemented in these studies to ensure that the subjects’ growth is not 

affected by puberty or pre-pubertal growth deceleration during the study; these are 9 

years for girls and 9.5 years for boys. Additionally, sexual maturity should be 

assessed to ensure pre-pubertal status - the Tanner sexual maturity rating scale is 

commonly used to achieve this (a rating of > 1 is generally interpreted as onset of 

puberty) [35]. It is necessary to assess sexual maturity not only at the outset of the 

study, but also at the end of the study period to ensure that puberty does not affect 

growth measurements taken during the study. It is advisable to avoid the inclusion of 

patients with a large age range, as this would create the potential for increased inter- 

subject variability, due to the cyclical nature of childhood growth and altered 

accuracy in height prediction [26]. 

For studies of final height (usually type 4) it is preferable to recruit children who are 

initially pre-pubertal, to ensure the effects of treatment throughout childhood are 

assessed. Clearly, children entering puberty during the study are not excluded. 

A lower age limit of 4 years is generally appropriate for all study types because of the 

changing influences of hormonal and nutritional factors on growth velocity in 

younger children, and the lower age limit is raised to 6 years if predicted adult height 

is one of the study parameters. However, in some circumstances it is necessary to 

assess the effect of inhaled corticosteroid therapy in younger children. Children 

younger than 4 years old should in all cases be studied separately, and care must be 

taken to account for factors such as birthweight and nutrition. Standing stadiometry is 

only possible for children who are older than 1 year, though infants’ length can be 
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measured accurately and precisely using an infantometer, which measures the length 

of the infant lying down. 

Severity of asthma/asthma control 

To minimize inter-subject variability, it is necessary to recruit children with as narrow 

a range of asthma severity as possible. The choice of asthma severity depends on the 

type of study performed. As previously mentioned, only populations with mild - 

moderate asthma are suitable for type 1 studies. For type 2 studies, mild - moderate 

asthma is also the least likely to present practical difficulties as it is generally 

acceptable to treat this population with non-steroidal therapy, and the variation 

between treatment groups in drop-out rates due to poor efficacy should be smaller. 

Only type 3 and 4 studies can include patients with higher disease severity, as all 

study participants may receive effective therapy for asthma. However, children whose 

disease is too severe to be controlled by inhaled corticosteroids alone are best 

excluded. These children are likely to receive oral as well as inhaled corticosteroids, 

which would preclude measurement of the absolute effect of the inhaled 

corticosteroid. We recommend that no more than four courses of oral corticosteroids 

are permissible per year in growth studies, as children who receive more than this 

have demonstrated persistently reduced cortisol responses to adrenocorticotropic 

hormone [36]. 

Aside from the increased requirement for oral corticosteroid treatment, possible 

reasons for asthma causing growth impairment are: delayed puberty, reduced growth 

hormone secretion, other endocrine malfunction, decreased appetite and increased 

energy demands [ 11, 201. Additionally, exercise may have a contributory effect, as 

children with asthma tend to exercise less than those without disease and exercise is 
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associated with increased growth hormone levels in asthmatic children [37]. In any 

case, there appears to be a positive correlation between asthma severity and the degree 

of growth impairment [ 11, 201. It is also worth noting that the systemic bioavailability 

of inhaled corticosteroids is affected by disease severity. In healthy volunteers, 

pulmonary absorption of inhaled corticosteroids is higher than in patients with 

asthma, leading to greater systemic bioavailability [38]. Indeed, the evidence indicates 

that the greater the level of airflow obstruction, the lower the systemic exposure [39]. 

Therefore, to provide data that are relevant to clinical practice, the effects of high- 

dose inhaled corticosteroids need to be assessed in patients with appropriately severe 

asthma. Since type 1 and type 2 studies can only be performed in patients with mild - 

moderate asthma, high doses of inhaled corticosteroids cannot be compared directly 

with placebo or non-steroidal therapy. 

Besides disease severity, the degree of asthma control may also influence both the 

treatments required by the patients and their growth. Clearly these two are linked, but 

some patients may have mild - moderate disease which is not well controlled 

resulting in symptoms and exacerbations, while patients with more severe diseases 

may be well controlled on inhaled corticosteroids. The degree of disease control may 

in such circumstances have as substantial an impact on growth as the underlying 

disease severity. Ideally, both disease control and disease severity need to be 

accounted for throughout the study, to ensure that these factors do not affect growth 

independently of the study treatments. 

Height and growth velocity 

Children who are exceptionally tall, short, underweight or overweight may inherently 

have a growth velocity that is different from “standard” values [40, 4 I]. Thus, only 



20 

children with height measurements within the percentile range 5 - 95% of normal 

values for their age should be included in all types of growth study. Nevertheless, it is 

worth noting that this precludes children who are already of short stature, in whom 

any impairment of growth would be of greatest concern. Separate studies in children 

at the lower end of the normal height range would therefore be desirable. 

Patients should also be excluded if they are outside the normal range for growth 

velocity. For example, Turner’s syndrome is associated with reduced growth, which 

would confound the effects of asthma or therapy on growth. The 10 - 90% percentile 

range for growth velocity seems to be appropriate for inclusion in clinical trials, but 

there are currently few data on which to base this conclusion. Selection of patients 

according to their growth velocity requires a run-in period of at least 12 months, to 

ensure accurate assessment of growth velocity. Assessment during run-in also enables 

comparison of growth velocity before and after inhaled corticosteroid treatment. 

However, such run-in periods pose substantial practical, medical and ethical 

challenges, particularly if treatment with inhaled corticosteroids is not permitted 

during this period. 

Congenital and environmental factors 

Patients with active or historical evidence of endocrine disorders (e.g. growth 

hormone deficiency or thyroid hormone deficiency or excess) should be excluded 

from all types of growth study. Other exclusion criteria include growth disorders (e.g. 

Turners’ syndrome, Klinefelter’s syndrome) and systemic diseases likely to affect 

growth (e.g. inflammatory bowel disease, coeliac disease, chronic renal failure). 

Exposure to cigarette smoke is not necessarily an exclusion factor, but should be 

recorded for inclusion in the data analysis, as should age of onset of wheezing. 
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Control population 

The control and study populations should be well matched in terms of age, sex, 

pubertal status, height, growth rate (perhaps using a run-in period for assessment), and 

asthma severity and disease control at baseline. Other factors that may influence 

growth rate also need to be recorded at baseline (e.g. age of onset of asthma, 

socioeconomic status, exposure to tobacco smoke). Any differences between the 

populations can then be accounted for in the analysis of study results. 

Differences between delivery devices used by the inhaled corticosteroid and control 

groups should be minimized, as the dose delivered to the patient’s airways and 

particle size distribution vary between devices, potentially affecting systemic 

availability [42]. This consideration is most important for type 3 studies, as a true 

comparison of different inhaled corticosteroids can only be achieved if the delivery 

device is identical for the two drugs. In practice, this is not always possible, and use 

of the same type of device (e.g. dry powder inhaler, metered-dose inhaler) is the best 

compromise. Nevertheless, it is known that differences exist between inhalers of the 

same type from different manufacturers, and this should be borne in mind when 

interpreting the results [43]. 

Duration of growth assessment 

As growth velocity varies over time, an extended period between the first and last 

height measurements is required to avoid short-term inaccuracies. One year is 

recommended as the minimum duration for study types 1 - 3, as this will prevent 
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seasonal variation from affecting the results. The necessity for measuring height over 

at least 1 year has been illustrated by a previous study, where estimates for annual 

growth velocity were derived from height measurements at 0,and 3, 6, 9, and 12 

months. These estimates were then compared with the annual growth velocity 

measured by linear regression of height measurements taken every 6 weeks (fig. 3) 

[44]. For type 4 studies a minimum period of inhaled corticosteroid therapy needs to 

be considered. At least 1 year may be appropriate, but there are few data to guide this 

decision and to some extent the decision will be guided by the objective and primary 

measure of the study (as in type 1 - 3 studies, age and pubertal status of the subjects 

may be critical). 

Run-in and follow-up periods of 6 months’ duration have been recommend.ed by the 

FDA to allow growth measurements to be made in the absence of inhaled 

corticosteroid therapy. This would allow growth velocity to be measured before 

treatment and for any catch-up growth after treatment cessation to be detected, 

improving the possibility of detecting any effect of the inhaled corticosteroid on 

growth. Ideally, the duration of the run-in and follow-up periods should be 1 year to 

avoid the confounding short-term factors described above. However, there are likely 

to be substantial medical, ethical and practical difficulties with therapy during run-in 

or follow-up. In some countries, treatment of asthmatic patients with placebo or non- 

steroidal therapy may contradict national guidelines on asthma therapy. An additional 

problem arises from patients withdrawing from the study due to poor disease control 

during run-in. This may bias the study population towards patients with more mild 

asthma, perhaps excluding a sub-set of patients who may be more or less sensitive to 

the effects of inhaled corticosteroids on growth. A follow-up period with 

discontinuation of corticosteroid therapy is ethically difficult to justify, and any 
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variability of treatment and disease control during this period would make the results 

very difficult to interpret. 

Measurement of height 

A statement on height quality control assurance is essential in all studies. The optimal 

method for measuring statural height to assess long-term growth is stadiometry, 

assuming the subject is at least 2 years of age. Each participant should be assigned to 

a particular nurse for height measurement at every visit, to minimize any scope for 

interindividual variation [45, 461. In one study, the coefficient of variation when the 

height of 22 individuals was measured by one observer (individuals measured five 

times) was 0.09, compared with 0.16 when individuals were measured by five 

different observers [44]. Other measures to ensure consistency include using 

standardized equipment, measuring height at the same time of day at each visit (to 

avoid potential variability from height decrease during the course of the day) [45], and 

development of a protocol for height measurements. The written protocol should 

include details such as the necessity of wearing hair down, ensuring that subjects have 

bare feet and that body stature is consistent (e.g. unstretched chin level) [45, 461. 

Height measurements should be made in triplicate, ideally with blinding to remove 

any bias associated with previous values, and the mean of the three values carried 

forward for analysis [47]. Modem, digital stadiometers are capable of measuring 

height to the nearest 0.1 cm. 

Measurements should be taken approximately every 3 months to optimize the 

accuracy of growth assessment. If it is desired to assess whether the effect of 

corticosteroid treatment on growth occurs only in the first few weeks of treatment, 

more frequent measurements should be taken at the beginning of the study. 
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Young infants’ statural height, up to the age of 1 year, is measured in the supine 

position using an infantometer or kiddimeter. As with stadiometers, digital apparatus 

is available to measure infants’ length with an accuracy of 0.1 cm. However, the use 

of this apparatus introduces another complication due to an increase in measured 

height of up to 1 cm compared with using a stadiometer [48]. 

In general, methods of measuring statural height other than stadiometry or 

infantometry have not been standardized and are less reliable, although a recently 

developed portable apparatus using ultrasound to measure statural height has been 

shown to have accuracy approaching that of stadiometry [49]. 

Data analysis 

Growth velocity 

To determine the number of study participants required to power the study 

adequately, it is necessary first to identify the minimum intergroup difference that 

needs to be detectable (i.e. minimum detectable difference). This is determined 

initially by whether the study is seeking to establish non-inferiority or superiority. 

Growth studies are distinct from efficacy studies in that non-inferiority is sought in 

placebo-controlled trials (i.e. study types 1 and 2); superiority is sought only in 

studies comparing one inhaled corticosteroid with another. In our opinion, based on 

clinical practice and evidence from previous studies [34,50], an intergroup difference 

of 0.8 cm*yr-’ should be detectable to establish superiority (type 3 studies). When 

studying efficacy, half the treatment effect is generally used to define the range for 

equivalence [5 11. This suggests that the minimum detectable difference for non- 

inferiority growth velocity studies (i.e. study types 1, 2 and non-inferiority type 3 
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studies) should be f 0.4 cm* yi’ . However, the validity of applying principles used for 

efficacy studies to the context of safety studies is not known. Table 2 provides an 

indication of the patient numbers required to deduce non-inferiority or superiority for 

a range of minimum detectable differences in growth velocity for each study type, 

with 90% power and based on a standard deviation of no more than 1.4 cm*yr-’ [34, 

501. It should be noted that the numbers in Table 2 are a guide only, and patient 

numbers would increase if the data were expected to be more variable. For example, if 

the standard deviation were 2.8 cm*yr-‘, the patient numbers would quadruple (e.g. 

1029 patients per group needed to establish non-inferiority with a minimum 

detectable difference of 0.4 cm*yr-’ for study types 1 and 2). 

For studies using growth velocity expressed in SDS as the primary endpoint, the 

sample size may be expected to be slightly smaller than for cm*yr-‘, as SDS account 

for variation due to age and sex. We calculated SDS ranges for males aged 3 and 10 

corresponding to the minimum detectable differences used previously (cm*yi’), and 

assumed the middle of this range could be taken as the minimum detectable difference 

(SDS) for most studies. Table 3 provides an indication of the patient numbers required 

to detect a range of intergroup differences in growth velocity (SDS) for each study 

type, with 90% power and based on a standard deviation of no more than 1.5 SDS 

[34, 501. Unexpectedly, the variability from these two studies (and therefore sample 

size estimates) increased when using growth velocity SDS as opposed to growth 

velocity in cm*yil. This is likely due to the fact that the standard charts from which 

SDS are derived are based on healthy children rather than children with asthma, and 

hence may not accurately reflect the population being studied. 
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Patient numbers are not included in the sample size tables for type 4 studies using 

growth velocity as the primary endpoint because there are insuffkient data from 

studies of this type to estimate the variability reliably. 

Comparison of the inhaled corticosteroid group with the control group is generally the 

main focus of the data analysis, regardless of the study type. Conversion of height 

data to growth velocity (cm*yi’) can be done quite simply by constructing a 

regression slope for each patient using all height measurements taken at baseline and 

during the treatment period. The estimate of growth velocity for each patient is taken 

as the gradient of this slope (e.g. 5 cm*yi’). The greater the number of data points, the 

better the estimate of growth velocity. These data can then be analysed using analysis 

of covariance techniques including terms for congenital and environmental factors as 

described above. A more elegant alternative that eliminates the need to calculate a 

regression slope for each patient is to fit a mixed effects model, where subject effects 

are assumed to be random and all other effects are considered as fixed. Height is 

regressed on treatment, time plus other covariates, and the treatment by time 

interaction tests whether the treatments have different effects on growth velocity. In 

this type of analysis, subjects with more variable data, perhaps due to fewer height 

measurements because of early withdrawal, are given less weight in the analysis. Care 

should be taken with employing this method when dropout from the trial is not 

random (e.g. due to inferior comparator treatment). 

Childhood height and predictedjinal height 

Childhood height and predicted final height are not recommended as parameters for 

primary endpoints, but as supporting analyses for study types 1 - 3, and type 4 studies 

not measuring final height. For childhood height, the principal aim is to detect any 
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shift in patients’ height centile during the study. This is achieved by comparing 

individual subjects’ height centile at the beginning and end of the study. To analyse 

study data, height centile at the end of the study can be plotted against height centile 

at the outset of treatment, and the correlation can be compared between treatment 

groups. Additional analysis can be performed by comparing, using logistic regression 

analysis, the proportion of children in each treatment group whose height centile 

shifts by a predefined number of centiles after treatment. An increase in the 

proportion of children whose height fell by more than one centile, for example, 

suggests impaired growth. 

Predicted final height data are analysed using the same principles as for childhood 

height. 

Final height 

For final height studies, as with growth velocity studies, the first step towards 

calculating patient numbers for adequate statistical power is to determine the smallest 

difference that is needed to establish superiority of one treatment over another, Based 

on clinical experience and evidence from previous studies, a difference in final height 

of 5 cm would seem appropriate and reasonably convincing as a potential treatment 

effect. Final height studies (type 4) should be designed to establish non-inferiority and 

therefore, in keeping with the principles applied for growth velocity above, the 

equivalence range should be half the treatment effect. As previously mentioned, 

however, the validity of applying principles from efficacy studies to this setting is not 

known. Table 4 provides an indication of the patient numbers required to establish 

non-inferiority for a series of minimum detectable differences, with 90% power and 

based on a standard deviation of no more than 7.5 cm (the standard deviation for final 
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height studies ranged from 4.8 to 7.5 cm, reflecting a lack of consistency in the design 

of these studies) [24, 52 - 551. Using a childhood prediction of final height reduces 

the variability, and previous studies indicate that final height minus predicted final 

height has a standard deviation of no more than 6.0 cm [54, 551. This reduction in 

standard deviation may appear small, but the two studies for which predicted final 

height data are available did not use skeletal age in the prediction, and the study 

protocols were not wholly stringent. Nevertheless, as shown in table 5, the numbers of 

patients needed to power the study decreased by approximately one third compared 

with studies without final height prediction. 

If predicted final height is measured for participants in final-height studies, the main 

aim of data analysis is to firstly obtain a comparison of actual versus predicted final 

height for each patient, and then compare treatments by assessing whether one 

treatment group creates a greater shortfall Corn predicted final height. In the absence 

of predicted height data, it is only possible to compare the final-height data between 

the treatment groups. Gender and nationality should be accounted for in the analysis, 

either through the use of final height SDS scores or as covariates in the statistical 

model. Analysis of covariance techniques should be used to compare treatment groups 

for both final height and actual versus predicted final height, including appropriate 

environmental covariates. 

Populations to be anai’ysed 

Both the intent-to-treat and per-protocol populations should be analysed in all growth 

studies (the per-protocol population should be pre-defined at the start of the study and 

should exclude any protocol violations that could affect patients’ growth assessment). 
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For study types 1 - 3, it is recommended that subjects who reach puberty at any point 

during the study are excluded from all data analysis, because of the marked and often 

unpredictable effects that this physiological state has on growth (pre-pubertal slowing 

and pubertal growth spurt), potentially confounding treatment effects. An interesting 

alternative would be to analyse the results of subjects going into puberty during the 

study separately, with the specific aim of increasing our understanding of any 

potential effects of corticosteroids on growth during puberty. 

For subjects discontinuing study therapy, post-withdrawal growth data for the entire 

study duration should be included, if possible, in a supplementary mixed-model 

analysis, as this can eliminate some of the problems arising from a higher dropout rate 

in the control population. This approach may also provide comparative “real-life” data 

with alternative therapies that are used in clinical practice. 

Possible effects of the degree of asthma control on growth velocity should also be 

considered. For example, sub-analysis of growth data could be carried out according 

to the number of exacerbations or a pre-defined level of asthma control, particularly 

taking into account the level of exercise and normal physical activities that the 

subjects engage in (although such analysis needs to be stated a priori). Asthma control 

should therefore be recorded during the study according to pre-defined criteria. 

Conclusions 

A large number of factors can potentially confound the results of studies assessing the 

effect of inhaled corticosteroid treatment on growth in children with asthma and it is 

important to be aware of all these factors when designing or interpreting such studies. 

The study objectives affect the influence of some confounding factors and we have 
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devised a new and simple classification system for growth studies to assist in the 

development of design recommendations that are appropriate for individual studies. 

The next step is to apply these principles to the interpretation of previously published 

growth studies, and this is the aim of the second part of this review. 
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Table 1. - Potential confounding factors in studies evaluating the effects of asthma therapy on childhood growth. 
Psychosocial deprivation 
4% 
PUkrty 
Gender 
Ethnicity 
Parental height 
Circadian variations (daily) 
Compliance with corticosteroid medication 
Exposure to tobacco smoke 

Nutrition 
Birthweight (affects growth during infancy) 
Socioeconomic status 
Seasonal variations in growth (annual) 
Long-term oscillations in growth (e.g. mid-childhood 
growth spurt) 
Administration of systemic corticosteroids for asthma 
or other diseases 
Administration of topical corticosteroids for eczema 
or allergic rhinitis 

Congenital disease (e.g. Klinefelter’s syndrome, Turner’s syndrome, 
growth hormone deficiency) 
Age of onset of wheezing 
Severity of asthma symptoms 
- well-controlled asthma has less effect on growth than poorly controlled 
asthma; 
- systemic absorption of inhaled corticosteroids is reduced among patients 
with severe asthma 
Other chronic disease (e.g. inflammatory bowel disease, chronic renal 
disease, coeliac disease) 
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Table 2. - Patient numbers required to detect between-group differences in growth velocity (cm*yi’) for different types of growth study. 
Study type* Study objective Minimum detectable between-group Minimum number of patients 

difference (cm. yi’ ) per treatment group+ 
1 Non-inferiority 0.3 458 
1 Non-inferiority 0.4 258 
1 Non-inferiority 0.5 165 
2 Non-inferiority 0.3 458 
2 Non-inferiority 0.4 258 
2 Non-inferiority 0.5 165 
3 superiority 0.6 115 
3 superiority 0.8 65 
3 superiority 1.0 42 
3 Non-inferiority 0.3 458 
3 Non-inferiority 0.4 258 
3 Non-inferiority 0.5 165 

*See figure 1 for growth study design classification (i.e. types 1 - 4). 
. ‘Based on 90% po wer, 5% significance level and standard deviation of not more than 1.4 cmeyi’ [34, 501. 
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Table 3. - Patient numbers required to detect between-group differences in growth velocity SDS for different types of growth study. 
Study type* Study objective Minimum detectable between-group Minimum number of patients 

difference (SDS) per treatment group+ 
1 Non-inferiority 0.3 525 
1 Non-inferiority 0.4 296 
1 Non-inferiority 0.5 189 
2 Non-inferiority 0.3 525 
2 Non-inferiority 0.4 296 
2 Non-inferiority 0.5 189 
3 superiority 0.6 132 
3 superiority 0.8 74 
3 superiority 1.0 48 
3 Non-inferiority 0.3 525 
3 Non-inferiority 0.4 296 
3 Non-inferiority 0.5 189 

*See figure 1 for growth study design classification (i.e. types l-4). 
. ‘Based on 90% po wer, 5% significance level and standard deviation of not more than 1.5 SDS [34, 501. 
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Table 4. - Patient numbers required to establish non-inferiority in final height studies. 
Minimum detectable Minimum number of patients per 

difference (cm) treatment group+ 
1 1182 
2 296 
3 132 
4 74 
5 48 

+Based on 90% power, 5% significance level and standard deviation of not more than 7.5 cm [24, 52, 53, 551. 
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All Growth Studies 

Key Principles 

l 2 12 months duration 
l StadiometryArained investigator 
0 Control group 
l Confounders taken into account 

Comparator 
Type 1 Type 2 

Placebo Non-steroidal asthma 
Type 3 

Inhaled corticosteroid 

Design 
treatment 

Prospective, randomized, controlled studies 

Primary Endpoint Growth Velocity 

Type 4 “Real Life” 
Normal asthma treatment 

Prospective, retrospective or ni 
Fig. 1. - Classification of growth studies in children with asthma. 
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Fig. 2. - Cyclical patterns in childhood growth [26]. (Reproduced with permission from Taylor & Francis Ltd, http://www.tandfko.uk/joumals) 
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Abstract 
Aims-To investigate the extent and tim- 
ing of diurnal variation in stature and to 
examine the effectiveness of the stretched 
technique in reducing the loss in height. 
Setting-A Southampton school. 
Design-Fifty three children, divided into 
two groups, were measured by two inde- 
pendent auxologists using a Leicester 
height measure. Each child was measured 
four times, at 0900, 1100, 1300, and 1500, 
using both an unstretched and a stretched 
technique. 
Outcome measures-Height loss after 
each of the three time intervals for both 
unstretched and stretched modes. 
ResuIts--There was a clear decrease in 
stature during the morning, but no fur- 
ther loss occurred after the subjects had 
been up for around six hours. The mean 
height losses for the unstretched 
(stretched) modes were 0.31 cm (0.34 cm) 
and 0.20 cm (0.23 cm) for the periods 0900 
to 1100 and 1100 to 1300, respectively, but 
only 0.045 cm (-0.019 cm) from 1300 to 
1500. Stretching did not reduce the effects 
of diurnal variation, but significantly 
affected the recorded height by an average 
of 0.28 cm. There was no significant 
difference in reproducibility using either 
technique (SD 0.30 cm stretched v 0.31 cm 
unstretched). 
Cottcfusions-Diurnal variation in stature 
may substantially affect the reliability of 
height data and careful consideration 
should be given to the timing of repeat 
measurements. As most height loss occurs 
in the morning, afternoon clinic appoint- 
ments would be preferable. The standard 
stretched technique does not appear to 
reduce diurnal variation, nor does it affect 
precision. Measurements made using an 
unstretched method are recommended to 
avoid interobserver differences, known to 
occur where different observers are used. 
(Arch Dis Child 1997;77:3 19-322) 

Keywords: diurnal variation; 
measurement technique 

height measurement; 

The importance of minimising measurement 
error in the assessment of growth has been well 
documented.‘A One potentially significant 
source of error, diurnal variation in stature, 
first noted in 1724,’ has, however, been largely 
ignored in clinical practice. Early studies, 
reviewed by Redfield and Meredith6 and Boyd,’ 
were conducted with varying degrees of scicn- 

tific rigour, but did confirm the presence of 
diurnal variation in the adult. Most agreed that 
the total loss amounted to between 2 and 3 cm, 
and the evidence suggested that the greater 
proportion of the decrease in height was occur- 
ring in the trunk. 

Similar effects have been shown in 
children,“-” some studies also showing that 
much of the height loss can be restored by tak- 
ing a short nap.’ ” Almost all reports agree that 
the greater proportion of the decrease in 
stature appears to occur soon after rising,” ’ ‘” ” 
though it is assumed that, without a nap, 
further loss continues throughout the day. 

There is some disagreement about the total 
daily loss to be expected, but no two studies 
have measured their subjects over exactly the 
same period. Some studies used so few 
children that their results are dependent on the 
particular characteristics of those individuals. 
Even in studies using larger numbers, one 
found a mean decrease in height of 1.54 cm in 
100 children between rising and late afternoon, 
whereas another found a mean decrease of just 
1.0 cm in 70 boys between early morning and 
bedtime.” lo 

At the end of the last century attempts were 
made, largely by the physical anthropologists, 
to standardise the method of measurement. I5 
Technique has changed little over the years, 
clinicians showing little interest in the subject. 
A stretching technique did become widely 
adopted about 20 years ago, however, after 
Whitehouse et al suggested that ‘gentle upward 
pressure on the mastoid processes’ could mini- 
mise the effects of diurnal variation.” Indeed, 
these authors claim to have shown that, using 
this technique, loss in stature between morning 
and afternoon, though not entirely eliminated, 
can be reduced to a maximum of 0.46 cm. 
Thomsen et al have compared the precision or 
reproducibility of the stretched and un- 
stretched methods and report no difference.16 

The aims of the present study were twofold: 
(a) to ascertain the time of day at which height 
loss effectively ceases; and (b) to examine the 
effectiveness of stretching in reducing diurnal 
variation in height. 

c 

Subjects and methods 
Fifty three children, aged from 3 years 1 month 
to 11 years 0 months were divided into two 
groups of 27 and 26 and were measured by fwo 
independent, experienced auxologists (LDV 
and PM). Each subject was measured on four 
occasions close to 0900, 1100, 1300, and 1500, 
always by the same observer (LDV or PM), 
using the Leicester height mcasurc. The prcci- 
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sion of this instrument has already been 
reported.’ On each occasion the subjects lined 
up in random order and were measured twice. 
The first measurement used an unstretched 
technique whereby the subject was placed in 
the correct position, with the head in the 
Frankfurt plane, but no further contact was 
made with the child, nor any verbal instruc- 
tions given, while the cursor was brought down 
to rest on the child’s head. With the child still 
standing in the same position, the second 
measurement was made with the observer 

TaMr 1 Mean height /ass o/53 children our thr~ two 
hour time in&, rogctkr with the accumuked sir hour 
loss for unstretched and saeuhed ntodcs. The SE of each 
entry is 0.059 cm, far each unstretched decrement, or 0.060 
cm, for a mean stretched &crenrent 

Mean htighl km (cm) 

Isad Unrmched Stretched 

0900-I 100 0.31 0.34 
1100-1300 0.20 0.23 
1300-1500 0.045 -0.019 
0900-I 500 0.555 0.551 

placing both hands under the child’s mastoid 
processes and applying the usual gentle upward 
traction. This procedure allowed investigation 
of the errors involved in the measurements 
and, in particular, their correlation. All meas- 
urements were ‘blind’-that is, an independent 
recorder noted the heights on every occasion, 
giving the measurer no feedback on perform- 
ante. 

To be able to pool the data from the rwo 
observers, a further group of 20 children was 
measured, on one occasion only, by both 
auxologists (LDV and PM), each on her own 

-0.5 0 0.5 1.0 1.5 2.0 

stadiometer, in both the unstretched and wnstretched height loss 

stretched positions. This allowed the estima- Figure 1 Scatter kagram oj total height loss (cm) 

tion of any differences in the mean heights recorded on 53 children betwtxn 0900 and 1500, mcasrtrcd 

achieved on the two instruments so that any 
in stretched and unstretched modes. 

necessary corrections could be made to the 
data arising from the main group of 53 
children. 

Results 
z 124.0 I-' .a 

The measurements on 20 children made by 
both auxologists revealed that one of them 
(LDV) produced a mean height greater than 
the other (PM) by 0.20 cm in the unstretched 
position and 0.18 cm in the stretched. The near 
equality of these two values suggests a slight 
difference in the settings of the two instruments 
being used, despite their being self calibrating, 
rather than a difference in measuring tech- 
niques. Moreover, as the two values were 
significantly different from zero (p = 0.027 and 
P = 0.015, respectively), the heights obtained 
by PM were increased by the above amounts in 
the ensuing analysis. (As this is based essen- 
tially on differences between height measure- 
ments, it is immaterial whether one auxolo- 
gist’s observations are increased or the other’s 
decreased.) 

0900 

Figure 2 Mean heights (cm) of 53 children, aged 3-1 I 
years, measured on four occasions during the course ojonc 
day, using bath stretched and unstretched techniques. 

Table 1 summarises the results of the main 
experiment with the 53 children. The mean 
height losses between 0900 and 1100 and 
between 1100 and 1300 were highly signifi- 
cantly different from zero (p < 0.001) whether 
measured in the stretched or unstretched 
mode. The mean for the second of these inter- 
vals was noticeably smaller than for the first. By 
the end of the second interval the children’s 
heights effectively levelled out so that the 
height loss between 1300 and 1500 did not dif- 
fer significantly from zero (pzO.44 for un- 
stretched, ~~0.75 for stretched). The mean 
(range) loss over the whole six hour period was 
0.555 cm (1.9 to -0.4 cm) unstretched and 
0.55 1 cm (1.8 to -0.6 cm) stretched. Figure 1 
shows the individual losses. 

Figure 2 clearly shows that, on average, 
stretching added a constant amount to the 
unstretched height, but did nothing to reduce 
the diurnal loss of height. The degrees of 
stretching on the four occasions did not differ 
significantly (p = 0.39), with the result that the 
effect of stretching can be said to have 
increased the height, on average, by 0.28 cm in 
this experiment. (In view of the large number 
of observations it would be possible to 
construct a narrow confidence interval around 
this value. This would, however, be of use only 
to the two particular auxologists who carried 
out these measurements because, as we have 
described previously, different measurers can 
effect quite different degrees of stretching on 
their subjects.* ‘) 

The SD of a single stretched height 
measurement found in the main experiment, 
0.31 cm, is compatible with the value (0.25 
cm) found by us previously.’ ’ The SD for a 
single unstretched measurement, 0.30 cm, 
might bc expected to be somewhat smaller. 
The extra variability arising from the stretching 
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procedure is, however, offset by the negative (0.55 cm) and unstretched (0.56 cm) tech- 
correlation between the unstretched height and niques. Stretching was therefore ineffective in 
the extension due to stretching, estimated to be reducing the stature lost during the course of 
-0.32. A child who happens to stand tall on a the day, as suspected by Buckler.‘* Whitehouse 
particular occasion cannot be stretched by as et al had previously concluded that their new 
much as when standing in a more relaxed method had at least some effect in reducing 
manner. diurnal variation.” They attributed their rela- 

tively small observed decrement (comparable 
Discussion with ours) to ‘gentle upward pressure on the 
These results have important implications mastoid processes and verbal urging to reach 
regarding current practice and the assessment upward’. Their children had also been up for a 
of growth, particularly for the individual child. little while before the first measurement, how- 
Firstly, little consideration is ever given to the ever, and were therefore unlikely to shrink b> 
timing of follow up visits to the clinic. rhe larger amounts reported by earlier observ- 
Secondly, while training in measurement tech- ers. They also, crucially, did not include any 
niques is usually considered to be essential, lit- unstretched measurements in their study. Had 
de attention has been paid to the problem of they done so, it might have been clear that, 
interobserver error. regardless of technique, only a small decrement 

The present data confirm both the existence \\‘as likely to be observed at that time of day. 
of diurnal variation and that the grearer This study confirms previous reports that 
proportion of the height loss occurs during the measurements made by experienced observers 
earlier part of the day. Over the period 0900 to using stretched and unstretched techniques are 
1500 we found an average decrement of equally reproducible.’ ‘* There is therefore no 
around half a centimetre, though several advantage of one method over the other in 
children lost well over 1 cm regardless of the terms of the precision of the growth data 
method used (fig 1). On average, the largest obtained. Where there is a single experienced 
decrement occurred during the first time inter- observer the method used is ultimately a mat- 
val, 0900 to 1100. Had we been able to mcas- ter of personal preference. Of more importance 
ure the children immediately after rising, the is the need to ensure the same method is used 
period before 0900 would almost certainI\ on subsequent occasions so that any incre- 
have seen the greatest loss of height, but as fe\< ments observed in height are likely to be real 
clinic appointments arc earlier than this it is and not attributable to differences in position- 
only of academic interest. It is of more ing or technique. 
importance to ensure that a height first WC have previously shown (though not on 
recorded at 0900, for example, is not remeas- this occasion) that where stretching is used two 
ured on a subsequent occasion at 1100 or observers, using ostensibly the same technique 
1300, but as close as possible to the original and the same instrument, can obtain signifi- 
time. Even half a centimetre represents a canrly different mean heights for the same 
substantial proportion of a child’s annual rate group of children.’ ’ Any difference in height 
of growth and will make a significant contribu- obtained by two measurers over an interval of 
tion to the total error. time is therefore likely to bc due, in part, to the 

Once a child has been up for six or seven degree of stretching each observer uses. An 
hours there appears to be no further discern- unstretched technique removes this source of 
ible loss of height-the timing of afternoon Lyariability and is more easily reproduced from 
appointments can therefore be more flexible one measurer to another. There might there- 
and measurements made after 1300 can be fore be a positive advantage in using this tech- 
repeated at any other time in the afternoon. nique in situations where different observers 

Though commonly used, the technique of lvill be monitoring the same child. Indeed, if 
suetching does not appear to have any universally adopted, differences between ob- 
advantages. It simply increases the measured servers could be significantly reduced. 
height, in this case by almost 3 mm. This 
amount appears to remain constant, irrespec- 
tive of the time of day at which the height is Conclusions 
measured. Until recently, most growth charts Diurnal variation in stature may substantially 
recommended ‘gentle upward pressure to the affect the reliability of height data and careful 
mastoid processes’ to ensure that the ‘masi- consideration should be given to the timing of 
mum height’ was recorded. In at least one repeat measurements. Even after a child has 
revised version the maximum height has been up for nvo hours or so, further loss of 
become the ‘true height’. There is some cot&- height, amounting on average to half a 
slon over this term; there can be no such thing centimetre, can be expected during the course 
3s the ‘true height’ of an animate body, only a of the morning. As little further loss of height is 
mean height, with variability about it. This hkely thereafter, growth clinics should, ideally, 
mc’an height will be greater or smaller dcpend- be held in the afternoon. The standard 
1°F on whether the child is stretched or not. suetched technique does not appear to elimi- 
Greater, in this instance, does not mean better. nate the effects of diurnal height loss, nor does 
1%~ aim is not to record the maximum hclght II improve precision. Measurements made 
pc’sslble, but a height that can be casil!* rcpro- using an unstretched method are recom- 
JUCtXl. mended fo minimisc Intcrobscrver error, 

~1%~ amount of height losr between 0900 and kno\\~ to occur \\%crc dlfl’crcnr observers arc 
1500 was almost identical using srrctchctd used 
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SPECIAL ARTICLE 

Cl(nica1 longitudinal standards for height and 
height velocity for North American children 

Longitudinally-based height and height velocity charrs for Norrh American children are prese.lted. 
Gntiies are given for early, middle. and Iare maturers. The shape of the curves is taken from a review 
of longitudinal studies, and the prepubcrtai and adulL ccntiies for height atrained are taken from 
National Center for Hcalrh Statistics data. The charls are suitable for following an individual child’s 
progress during observation or treatment throughout the growth period. including puberry 

J. M. Tanner, M.D., D.Sc., and Peter S. W. Davies, BSc, M.Phil. 
London, England 

IN I 956 Bayltyle3 produced charts for height and weight 
growth that, for the first time, took into account whether a 
child was an early or late developer. Her work derived from 
the classic studies of growth tempo by Boa~~.~ (who coined 
that term) and by Shut&worth.&’ As standards, however, 
Bayley’s charts lacked practicality, because they were 
based on very small numbers of subjects. Thus. although 
they indicated the average heights and height velocities to 
be expected in boys and girls maturing relatively early and 
relatively late, they did not give the population centiles 

From the Deparrmcnr of Growth and Development, fmtirute of 
Child Health. University of Lmdoa 
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I985. 
Reprint requesls: Pro/. J. M. Tanner. Department of Growth and 
Development, inscilulc of Child Health. 30 Guilford St.. London 
WC-IN I El?. England. 
The three-color charts are available through Serono Inc.. 280 
Pond St., Randolph, MA 02368, or direct from CarrIemead 
Publications. Swains Mill. IA Crane Mead. Ware. Hertjordshire, 
SC12 9PY. England They are printed in two formats: research 
(large) and clinic (AI sire). 

ncccssary in judging whether a child’s growth is abnor- 
ma!. 

Ten years Iattr, Tanner et al8 combined large-scale 
cross-sectional studies of a population (London County 
Council schoolchildren) with small-scale longitudinal stud- 
ies (The Harpcndcn Growth Study and the International 
Chiidrcn’s Centre London Study) to produce longitudinal 
standards suitable for clinical USC. Thcsc British-based 
height and height velocity and weight and weight velocity ~~ 
I NCHS National Center for Health Statistics 

PHV Peak height velocity 1 

charts have been widely used, and remain valid for the 
contemporary British population.’ In North America, 
however, children grow at a slightly faster tempo and are, 
on average. taller. There is a need. therefore, for clinical 
longitudinal standards for North America, based on the 
principles of the 1966 British Standards but using an 
American population survey and American data on growth 
tempo. We supply such standards for height and height 
velocity. 

The Journalof iED ATR ICS 311 
Yol. 107, No. 3; Seprcmbcr 198s 
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Fig. 1. Comparison of longitudinal individual and cross-sectional 
population standards. British longitudinal 50th ccntile individual 
curve (mean site. mean tempo) plotted (hcovy fine) on British 
population curves from London survey.’ Top, height attained; 
borrom, height v&city. (From Tanner IM: The uscs and abuses 
of growth standards.’ In: Faulkner F, Tanner JM. cds: Human 
growth, cd 2. New York: Plenum, 1985. in press.) 

These standards are an advance on the British standards 
in that the use of color printing enables them to carry more 
information. The British charts for height attained give 
simply the ccntilcs characterizing the cohort of boys or 
girls with average growth tcmpo.Lo Only in the height 
velocity charts are the centilcs for early and late maturers 
also displayed. In the American height-attained charts. 
however, it has been possible to indicate not only the SOth 
centile for children with their pubertal growth spurts at the 
average time but also the 50th ccntilt for children 2 SD of 
age early and 2 SD of age late. In addition, the 95th centile 
for height attained in a 2 SD early child and the Sth centile 
for height attained in a 2 SD iatc child arc shown. 
Incidence of children on these centilcs is about one in 1000 
population. 

The Journal of Pediatrics 
Sc,7tcmber 198s 
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Fig. 2. The 50th ccntilc curves for American boys (solid lines) 
and girls (dashed liner} of average growth tempo (that is, Fk 
height velocity at average age). A, Height attained. B, Height 
velocrly. 
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Table I. The 50th centile values for height and whole-year height velocity for boys and girls 
with peak height v&city at average times (13.5 and 11.5 yc~rs, respect~vc!y) 

Ati- Height 
lvr) (cm) 

2.0 87.0 

3.0 95.3 

4.0 102.7 

5.0 109.5 

6.0 115.9 

7.0 121.9 

8.0 127.7 

9.0 133.1 

10.0 138.3 

11.0 143.4 

12.0 148.7 

13.0 lSS.5 

14.0 165.0 

IS.0 171.5 

16.0 174.0 

17.0 176.3 

18.0 176.8 

Boys Girls 

Heighf w/wiry Heigh! Hcighr velocity 
(cm/W IN ~cn~lyrl 

86.0 
8.3 8.6 

94.b 
7.4 7.6 

I C2.2 
6.8 6.8 

109.r) 
6.4 64 

115.4 
6.0 6.1 

121.5 
5.8 5.9 

127.4 
5.4 5.7 

133.1 
5.2 S.8 

138.9 
5.1 6.7 

145.6 
5.3 8.3 

153.9 
6.8 5.9 

159.8 
9.5 3.0 

162.8 
6.5 0.9 

163.7 
3.3 0.1 

163.8 
1.5 

OS 

INAPPLXCABtLITY OF CROSS-SECTIONAL 
STANDARDS TO CHILDREN OLDER THAN 
9 YEARS IN THE CLINICAL SETTING 

There is much literature, stretching back to the nine- 
teenth century, to point out the fallacy of using cross- 
sectional population curves such as those of the National 
Center for Health Statistics to follow the growth of 
individual children once puberty has begun.“-” The diffi- 
culty is that the 50th cent& line derived from cross- 
sectional data is not actually followed by any individual 
child and is not the correct shape for a growth CUTVC. This 
is most easily seen in terms of height velocity (Fig. 1. lower 
curves). The actual growth velocity in a child who is at the 
50th ccntilc for both size and tempo is compared with the 
curve of ‘t&city” obtained from the differences of 
successive cross-sectional population means. The pscudo- 
velocity curve has a peak that is at about the 3rd centile for 

real individual peaks and is wider than any individual peak 
would be. Even in the height-attained, or “distance” 
formulation (Fig. 1. upper CWWS), although graphically 
the effect looks small, the cross-sectional means overcsti- 
mate the 50th ccntilc height of the average individual by 2 
cm at age 13 years and underestimate it by 2 cm at age 15 
years. These comparisons refer only to children with 
average growth tempo; in early and late maturers the 
discrepancy between longitudinal and cross-sectional stan- 
dards is even greater. Thus there is a need for standards of 
the type that Boas, Shuttleworth, and Bayley rccommend- 
cd-+tandards that, in modern jargon, arc said to be 
condilionaf on reMp0.l’ 

LONGITUDINAL STANDARDS 

Average tempo child. The details of how the standards 
were constructed arc given in the Appendix. It suffices lo 
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, Fig. 4. Height vclobty for American boys. Red line. SOth ccntilc for boys 2 SD of tempo early; green line. SOth ccntilt for 
boys 2 SD of tempo late. A and v ( 
resp&ively. 

The 97th and 3rd centiles for peak velocities of early and late maturers, 
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Fig. 5. Height attained for American girls. Red liner. 50th ccntile (solid) and 95th ccntile (dushedj for girls 2 SD of 
tempo early; ~recrr lines. 50th ccntilc (solid) and Sth ccntile (dashed) for girls 2 SD of tcmpa late. 
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Fig. 6. Height vcloc~ty for American girls. Red lit~c. 50th centilc for girls 2 SD of tempo early. green line. 50th ccntilc.for 
girls 2 SD of tempo late. A and v , The 97th and 3rd ccntila fax peak velocities OF carry and late maturers. 
rcspcctively. 
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Table 11. The 50th centilt height and height velocity valu= for boys and g- +!s with ptak hzigh! veiobty 
2 SD (1.8 yr) early and 2 SD (1.8 yr) late 

,4ge 
IYr) 

2.0 

3.0 

4.0 

5.0 

6.0 

7.0 

8.0 

9.0 

10.0 

Il.0 

12.0 

13.0 

14.0 

15.0 

16.0 

17.0 

18.0 

19.0 

BOYS Girls 
- 

2 SD early 2 SD late 2 SD early 2 SD late 
I 

h’eigh t Height ifeighr 1 Height 
Height vclocit) vcloc~ ry j .Ve:phr ; velocity 

bl L Icm/.W (:-m/j’r,i 1 ICPl) / (Cr’H/JY) 

88.4 85.6 87.6 84.4 
8.8 9.0 a.1 

97.2 93.4 96.6 92.5 
7.8 7.1 1.s 7.3 

105.0 100.5 104.5 93 B  
7.0 6.6 7.2 6.5 

I 12.0 107.1 111.7 !I-%.3 

118.5 

124.7 

113.3 i 18.3 !I24 
6.2 

113.2 
6.0 

130.7 124.9 
5.8 

136.5 130.1 
6.2 

142.7 
8.2 

150.9 

161.2 

135.0 

139.7 
10.3 

8.0 

4.5 

2.3 

0.8 

5.9 

5.7 

5.2 

4.9 

4.7 

4~5 

6.5 5.8 
124.8 1 i.3.2 

6.6 

?.4 

5.6 
131.4 123.8 

5.2 
138.8 129.0 

4.9 
I47,7 133.9 

4.7 

144.2 
4.3 

169.2 148.5 

155.1 

160.0 

162.7 

8.9 

7.4 

4.9 

2.7 

0.9 

O.! 

138.6 
4.8 

173.7 153.3 

160.2 

4.8 

4.9 

8.1 

4.7 

2.8 

I .o 

163.6 

176.0 163.7 

176.8 168.3 

143.4 

149.5 

156.8 

lGi.2 

i63.2 

163.7 

6.1 

7.3 

4.4 

2.0 

0.5 
173.0 

175.8 

176.8 

say that the 50th ccntilcs for average tempo growth were 
based on the observed values of the NCHS from age 2 to 
11 years in boys and from age 2 to 9 years in girls. Adult 
values (176.8 cm for men and 163.8 cm for women) were 
also taken from the NCHS data. From 11 years on in boys 
and 9 years on in girls, the height attained and height 
velocity curves have the shape characteristic of the growth 
of the typical individual. For reasons given in the Appen- 
dix, the age at peak velocity was taken as 13.5 years in boys 
and 11.5 years in girls, and the (whole-year) velocity at 
PHV as 9.5 cm/yr in boys and 8.3 cm/yr in girts. 

These SOrh centilc curves, for the boy and girl of both 

average height and average tempo, are illustrated in Fig. 2. 
The values for height and height velocity are given in 
Table 1. 

Early attd late maturing children. We next determined 
the 50th ccntile curves for boys and girls who had their 
peak height velocities 2 SD of age early and 2 SD of age 
late. The SD of age at PHV is a little less than 1 year in 
nearly all published series; we have taken the value 0.9 
years. The 2 SD early maturing boys therefore have 
average PHV at 11.7 years, the 2 SD late maturing at IS.3 
years. The equivalent values for girls are 9.7 and 13.3 
years, respectively. 



Fig. 7. Height curve of boy with constitutional growth dciny. 
BWC age (a) and adult height prediction (v) shown at ;lgc I 1.6 
vcars. F and M. father’s and mother’s height ccntiles; hacrv.r 
;w,icoI /inc. target height range. Height runs at about I Slh 
ccntk for 2 SD late maturers until last point. 

Although early and late maturing children on average 
attain the same adult height,“-” their growth data begin to 
diverge quite early, the 2 SD early boys at age 5 years 
averaging about 5 cm taller than the 2 SD late boys; in 
girls the difference is about 5.5 cm. Early maturers have a 
higher PHV than do late maturers, and we have estimated 
the value of the 2 SD early peak at 10.3 cm/yr and the 2 
SD late peak at 8.5 cm/yr in boys; the respective values are 
9.0 and 7.6 cm/yr in girls (see Appendix). 

The resulting curves are illustrated in Figs. 3 through 6; 
the values arc given in Table II. Figs. 3 and 5, the 
suggested height attained standards, also give the 95th‘ 
75th. 25th, lOtb, and 5th centilcs for the cohorts of average 
maturers. The a&It and prepubertal values of these 
centilcs (the latter slightly smoothed) are those of the 
NCHS. The NCHS gives the 5th and 9Sth as outside 
centiles, rather than the more usual 3rd and 97th. and we 
have retained this feature. 

Also in Figs. 3 and 5, we give the 9Sth centilcs for the 
cohorts of 2 SD early maturing boys and girls and the 5th 
centiles for the cohorts of 2 SD late maturing boys and 
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I’ig. 8. I-lcight vcloc~ty curve [~rnc boy as In FIR. 7). Avcragc 
curve for Z SD I;ttc maturer IS ;tpp:oxlmated throughout. 

girls. The adult and prepubertal values were estimated on 
the basis of no relationship between tempo and final size, 
hence a similar SD of height in early and laic maturers 
when fully grown, and aiso approximately before puberty. 
Because of this independence, these outside lines set limits 
outside which only 5% X 2.5% = 0.125% or about one in 
1000 boys or girls, are situated. Intcrmcdiatc centiles, both 
for tempo and for size at given tempo, can be readily 
approximated by eye, but are no1 included in Figs. 3 and 5 
in order to avoid confusion. 

4gc standards for puberLy stages” are also given on 
these charts; by convention, 97th centilc indicates early 
and 3rd ccntilc late. 

Figs. 4 and 6 give the velocity standards for boys and 
girls. The centiles (outside limits 97th and 3rd ccntilcs) are 
those for the median tempo cohorts; also given are the 50th 
cent& for the 2 SD early and 2 SD late cohorts. with 
accents (V and ,l) at 97th and 3rd centile peaks for the 
accompanying centilcs. 

Strictly speaking, these charts refer to whole-year veioc- 
itics converted from increments that should be taken over 
not less than 0.85 years and not more than 1.15 years. 

Vclocilics calculated over shorter periods rcflccl seasonal 
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Fig. II. t-lcighl velocity curve (same boy as in Fig. 10) 

cKects (most children grow faster in the spring and slowct 
in the fall) and are relatively more affected by the 
unavoidable errors in measurement (which should not 
exceed 3 mm). Hence, for 6-month periods, rate rounded 
10 centimeters per year, the centiles are wider; roughly 
speaking the 6-month 90th and 10th ccntiles are located at 
the l-year 97th and 3rd ccntiles. 

Use of charts. We give two examples of the use of the 
charts. In the first example, constitutional growth delay is 
followed in two boys, one without medication and the other 
given short-term low-dose testosterone. In the second, the 
eRect of human growth hormone on the growth of a boy 
with growth hormone deficiency is charted. 

Figs. 7 and 8 show the height and the height velocity in a 
boy with growth delay first seen at age 9.6 years. Bone 
age” is plotted as shown for the visit at II.6 years; the 
length of the horizontal line gives the retardation in years, 
and the plot (A) itself displays the height for bone age. 
Adult height prediction I” is plotted 31 the termination of 
the vertical ‘lint erected at x. These two determinations 
wcrc, of course, repeated at intervals during the ensuing 
years, but further points are omitted in the interests of 
clarity. Also indicated arc parental height centiles (moth- 
IX’S height PIUS 13 cm) and the target height for the child, 
that is, the range of heights within which 95% of sons of 
these parents should fall as adults (average of father’s 2nd 



mother’s gentiles t 10 cm).” The whole-year velocities 
follow the 2 SD lalc maturing curve quite closely (FI& 8). 
(Durtng b-month visils they arc calculated each lime for 
the whole preceding year.) Velocities are ploltcd aI the 
center poinL of the period covered. 

In this patim only reassurance was given, based SPCC~~- 

lcally on the charts, which were explained to the boy and 
his parents. Bone age, adult height prediction, and target 
height are the key elcmcnts, together with the ability of the 
pediatrician to say exactly how much growth will occur 111 
the next year, the year following, and so on. When parcnls 
of a I3-year-old boy complain that hc has not grown for 
the last year or so, they can be reassured, on these bases, 
that the adolescent spurt is about to begin, that growth 
next year will be about 6 cm, and the year after that 8 or 9 
cm. Often such reassurance sufices. in Fig. 9 is shown the 
growth curve for a boy given testosterone enanthate, with a 
careful check on the change in height prediction. The 
efiects of such treatment arc best followed in the velocity 
chart. In this particular boy the treatment was dlscontln- 
ued after 6 months, and the growth velocity fell until the 
normal pubertal growth spurt (in this instance the rule of 
whole-year plotting cannot but be broken, with suitable 
caution in interpreting velocity). When a treatment has 
been initiated at the beginning of a period, we thicken the 
vertical line joining the two periods, rather than joining up 
the adjacent velocities as we did in Fig. 8. 

In Figs. IO and 1 I the effect of human growth hormone 
is shown. The catch-up growth (or velocity above that 
normal for age) is well seen in the first few years. The 
steadily increasing prediction of adult height is indicated 
by the three illustrative occasions plotted. 

Examples of many such plots for both normal and 
abnormal children will be found in Tanner and White- 
house.‘” 

WC thank Dr. Isabcllc Valadian for making available lhc data 
from rhe Harvard School of Public Health Longitudinal Studies, 
Ms. Jan Baines for assembling the manuscript. and Casrlcmead 
Publications for doing the artwork. 
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Appendix 
CONSTRUCTION OF SOTH CENTlLE CURVE FOR 
AVERAGE TEMPQ 

Boys. From ages 2.0 to I I .O years, the values for height follow 

lhc observed NCHS 50th centilcs of Hamil l  ct al.’ (Table 6, p 28). 
slightly smoothed graphicaily to Iit with the shape of the height 
velocity curve. which takes into account the slight dccrcasc in 
deceleration occasioned by the mid-growth spurt.l-’ Values taken 
for I-year velocities at ages 5 IO 6. 6 to 7. and 7 to 8 years had 
regard to the observed NCHS cross-sectional mean dificrcnccs. 
the actual mean annual incrcmcnts seen in 
Counly Council I -year longitudinal study 

the large-scale 
of Tanner and 

London 
Camcr- 

on,’ and the increments seen in the small-scale longitudinal studies 

of Largo et al.’ and Karlbcrg et al.’ (p 7). In every yearly point, 
our smoolhing fits the observed values of the NCHS belter than (7 
points) or as well as (3 points) the smoothing procedure adopted 
by Hamil l  (Table 13. p 37). At 1 I.0 years the observed NCHS 
value was 143.5 cm, our value 143.4 cm. 

From I I .O years on. we grafted the NCHS values for prepubcr- 
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WC alsu needed .L villuc for PkIV itl;cll‘ (not in>tanLancous PHV. 
but pcuk vclocily compulcd over ;I whole year. because the vcloclcl~) 

standards arc prcscntcd this wr~y). There wcrc LL number 01’ 
cmpirlcalty Jctcrmlncd values. AII tn f;tir ~grecmcn~. T:tnncr C:I 

ill.” litted mc;\surcmcnts taken cvcrk 3 months on each individual 
by an i\cr;blive graphic proccdurc. starting with the height- 
artalncd curve, then plotting the obscrvLvi v&GLlcs against the 

cslimatcti vctwilics. <moothing and repcatlng the C?CIC a second 
lime. Their mctin whotc-yc:lr PHV was 9.5 cm/yr. Using similar 
elrnphic procedures. also on 3-month mcasurcmcnt~. T:\ri\nger CI P 
~1.” found ;I mean of ‘1.9 cm/yr in rhc S~oskholrn Longirudintil 

Study. Lindgrcn” CS~~IIULCJ il IIIC~II of 9.8 cm/yr in the all- 

Swcdcn lwin longiludtnal study. usinp 373 sin@clon (control) 
boys mcasurcd every 6 months. Hillcwicz cl al.” obtained 3 mean 
ot’ 9.6 cm/yr in 669 boys in Ncwcasllc-upon-Sync cxrlmincd iit 
6-monlh inlervrlts. but this is the n~;lximum &monthly kxiik 
velocity ;Ind corresponds to dbou\ 9.3 cm/yr for the whole-year 
peak vclociLy. 

Lnrgo cl al.’ littcd cubic splints IU 6-monlhly hcighr values ot 
boys in the Zurich Itrngi(udinal study ;Ind found a mean PI-IV of 
9.0 cm/yr. Authors who hitvc liitcd p;Ir;intclrrc CIATY‘CS have found 
lower virlucs slill. for the Bcrkclcy growth study Jilta rcportcd by 
Tuddcnh:rm 2nd Snyder. IJ ~hc Prcccc-naincs model I curvr gives a 
IIVXII 01’ 8.4 cm/yr (our cirlculiltiuns). ;Ind thti trlplc lo&tic curve 
3 rncan of 8.7 cm,‘yrl’: rhcsc V~IIUCS ;Irc for ins~;~~~tanc~us peak 
velocity. which is prcalcr Ihan whole-year pciik velocity by 
approximately 0 8 cm/yr in boys alId 0.6 cm/yr in girls.‘* The 
graphically litccd whole-year peak velocity in these data comes out 
it) X.9 cm/yr. I .3 cnl ubovc lhc whotc-yc;lr pcnk cslimaied by the 
I’reccc-R:lincs method (which is 8.4 - 0.8 cm/yr). Thus il seems 
lha\ pi\rillTWlfiC CUNCS al prcscnl ;\rc insutficlcnliy Hexible 10 
~com~no<la~c the full rise of the obscrvcd c‘urvch. The Orcccc- 
IInincs curve. Car extrmple. when Iiltcd to lhc British rcalc 
standihrds, undercslimatcs PHV by 1.5 cm/yr Similtirly, when 
tiL(cd IO :I subs:amptc of the Tnnncr”’ dill:\. II produced r\ value of 
X.7 crn/yr compared with the gr.iphic ins(:lnt:tncuus vitluc of IO 3 
cnr/yr. WC: IKIVC rcllcd. lhcrcl’orc. cln the CII~~~IC’IC:III~ derhvcd 
V,I~UCS, and chosen rhc nlldr:tng!c: ligurr: of 0 5 cmjyr. 

Girts. (:s.~ctly xIltlil;rr cc~r~s~rlcr~~tr~~~ liw s:Ifiz lctt Ed the 50th 
ccntilc curves shown in I-‘ig. 2 ;IIKI the v.~lucs $CII II) T.\blc I. For 
lhc prcpubcrlal v.iluc. .I( age 9.0 y~1r.4. WC h.ivc I;lkcn 133.0. ihc 

FUCHS observed value ;I( :I-6 age being 132.7. Our values fir rhc 

obscrvcd %CHS means bcL:cr than do rhc bpltne-smoothed NCHS 

values in four of seven cases. For adult height we have laken 
163.3, the NCHS observed value bclng 163.7. WC localed PHV a~ 
I I 5 years, which was the same from the observed NCHS values. 
iilc Preeze-Bainss fit to [her, dnd the NCtIS ccblc spiinc tit. This 
value is confirmed by con&idcrrng rhe average ciiflcrencc In lime 
between ugc at menarche and age 31 PHV, which IZ between I .2 
Jnd 1 3 ytzars in ncnrly ;i!i pub!l\hed scrlcs. The ECHS vaiue for 
menarchc IS i 2.77 ye;irs.” 

Whole-ye.lr I’HV valuca :n Ihc ernplrrc~lly dcrtvcd data arc 
8.4.” 8.6.” and ii.3 cm/yr ‘? There arc &monthly PHV of 8 0 
cm/jr. IcJdln; lo aboul 7 S cm/)r (or whole-ycdr for Ncwc~rle.‘~ 
and &.3 crn,‘yr. trading LO about 8 ! cm/yr for whole-year rn Ihe 

Poirsh longirudlnal study rcporled by Bielicki.” Cubic splines 
!iticd to the SWISS dala g~vz a vaiu: of 7.1 cnl!yr,’ and Prcccc- 
;3a:q..p; r;@jc! ! . cLrvi-.C. g12c ‘i,.F!ar,i;,:iZ.3*i L*:litie?: of 7.3 cmjyrlY 
(Re!gisns). 7.8 cm/yr’* (Amcricansj. 7.4 cm/yr (Rcrkcley Growth 
Study. our calculatrons), and 7 7 cm/yr (Harvard School of 

Public Hca!th Growth Sludjl. our caiculsllonsj WC have taken 
rhe value 8.3 cm/yr. 

Early and late maturing children. Values for Ihc ditTerence in 
hcighl bcrwccn 2 SD early and 2 SD tarc boys al age 5 years wcrc 
dcrlvcd frcjrn the rcgrcssions ot’ height rll age 5 years on age at 

PHV. which, using filled Preccc-Balnc> curves, were -1.1 + 0.S 
cmjyr m the Berkeley data and -1.8 -+ 0.4 cm/yr in Ihc Harvard 
da[a. For girls the rsgrcssions were - t .3 5 0.6 cm/yr (Bcrkelcyj 
and -1.9 r 0.5 cm/yr (Harvardj. 

The rcgrcssion or PHV on age al PIIV, in ‘boys, in the itala of 
T:inncr cl ai “’ was -0.8 cm/yr; in the Ncwcas~le data -0 -! 

cm;! r,” in the Polish data dpproxil\\a!ely -0.6 cm/yr,” in the 
S\ccdistt daLiI -0.5 CIII/Y~," in Ihe Harvard Growth Study -0.5 
crn/vr,” and in ohs SWISS data. using splint iits, -0.5 cm/yr.’ In 
the Bcrkcicy data il was -0.6 + 0.1 cm/yr. and in the Harvard 

school of Public Health data -0.4 2 0 2 cm/yr, both using 
Prcecc-Barnes tits. We have taken -0.5 cm/yr as the value, giving 
the .%h crnrite PHV for 2 SD early maturing boys ils 9.4 + 
0.9 = 10.3 cm/yr ;rnd for 2 SD ialc maturing boys as 
9.4 - 0.9 = 8.5 cm/yr. 

In girls lhc regression is a little tower th;ln in boys Gtimates 
;Irc -0.5 cm/yr (Tanner CL al.‘“), -0.4 cm/yr” (Ncwc3slle). -0.4 

cm/yr” (POtiknd), -0.3 cm/y? (Swcdcn), -0.5 cm/yr” (Har- 
vard Growlh Study), -0.4 cm/yr’ (Swiss children, splint fitted). 
-0.6 cm/yr (Hcrkcley data, filtcd Prcccc-Raines curves), -0.4 
an/yr (H;lrvard School of Public Hc;lllh. tilted Preece-Baines 
curves). ;lnd -0.1 cm/yr” (New England, fiued Prcece-Baines 
curves. but home measured and with very high SD for PHV). We 
ttiti\Rc taken Lhc value -0.4 cm/yr. giving SOth ccntile PHVS of 9.0 
cm/yr I‘CX 2 SD c3rIy mattering ond 7 6 sm/yr for 2 SD laic 
iii;llurlng girls. 
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A.s.se.s.sment of child growth is probbmutic: growth is nonlinear in the long-term, and 
unpredictable in the short-term; growth is subject to a number of environmental as well 
as genetic influences; and growth-is diflcult to measure reliably. The potential for growth 
delay a.s an efict of asthma is established, although it has pmlved d[ficult to quantify 
how gmat an impact this has on height, gmwth velocity, or final attained height. In the 
treatment of asthmatic children, there remain uncertainties as to the eflect of inhaled 
corticosteroids on growth, given the great number of ,factor.s Qecting growth. In this 
paper we present Ecommendat ions for the design and analysis of trials to a.s.ses.s the 
e@xt of regular treatment with inhaled cortico.steroid.s on growth in asthmatic children. 
Design nxxJmmendation.s are! articulated,fiJr study duration. entry criteria. other factors 
that may aflect growth, measuring height, mea.suring growth, study objectives, and consid- 
erations Elating to confcxmding between twatment allocation and the eflect r>f the disease 
on growth. Special attention is given to anulyses that addrxxs both the intra-.subject 
correlation arising fnm multiple mea.surement.s in longitudinal studies of growth and the 
potential bias in treatment comparisons due to dropouts, especially those due to tnzatment 
failure. 

Key Words: Growth; Study design; Statistical analysis; Mixed model; inhaled corticoste- 
raids; Asthma 

INTRODUCTION an effective means of treating asthma. It has 

CHILDHOOD GROWTH IN asthmatics is 
a complex process and is influenced by a 
number of factors ( l-5). Corticosteroids are 

long been known, however, that oral cortico- 
steroids have a systemic effect (l&,7) and 
can reduce growth when used for short peri- 
ods or over prolonged periods of time. In- 
haled corticosteroids treat the airways topi- 

Reprint address: Susan P. Duke, Glaxo Wel lcome Inc.. tally in the lungs and are the recommended 
MALB256, Five Moore Drive, PO Box 13398, Re- therapy for long-term control of asthma in 
search Triangle Park, NC 27709-3398. children with moderate and severe disease, 
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as well as one of the therapeutic options for 
children with mild persistent disease (8). 

In clinical trials evaluating growth in asth- 
matic children, estimating the extent to 
which inhaled corticosteroids have an effect 
on growth has been confounded by factors 
such as puberty and withdrawal from the 
study due to the underlying disease. Asthma 
itself may affect growth, especially if uncon- 
trolled (1,3,9,10,11). Trial designs usually do 
not account for subjects who discontinue due 
to asthma exacerbations, a marker of poorly 
controlled disease. This can result in a differ- 
ential dropout rate between treatment arms, 
particularly in placebo-controlled trials, and 
is indicative of the possibility that differing 
amounts of asthma control between treat- 
ment arms may allow for different effects 
on growth from the disease itself. The exact 
mechanism(s) by which asthma affects 
growth and how much impact varying 
asthma control have on the disease are un- 
known. In addition, growth per se is difficult 
to measure due to diurnal variation in height 
(12), seasonal variation in growth rates ( 13), 
and differing techniques and equipment for 
measuring height (14). 

In July 1998, the Food and Drug Adminis- 
tration (FDA) convened a joint pulmonary 
and endocrinology advisory committee meet- 
ing on this topic. FDA speakers reviewed 
the literature and five sponsor studies, and 
interpreted the evidence to conclude that all 
inhaled corticosteroids may affect child 
growth. The issue of confounding between 
treatment arm and nonrandom dropouts was 
mentioned as a design issue during this meet- 
ing (15) and needs to be considered in the 
interpretation of results. 

One recommendation of the advisory 
committee was that clinical programs for 
new inhaled and intranasal corticosteroid 
drug products include a growth study. Subse- 
quent to the recommendation, FDA has indi- 
cated that there will be a draft guidance is- 
sued on how to design such studies. An early 
indication is that this guidance document will 
address the issues associated with confound- 
ing (16). We will return to this in the discus- 
sion section. 

It is essential to have a well-designed trial 
in which an accurate assessment of growth 
is obtained and where key factors that may 
impact upon growth are collected. Presented 
first are general recommendations for the 
study of growth, followed by more specific 
recommendations for the study of inhaled 
corticosteroids in asthmatics. 

STUDY DESIGN 

Study Duration 

While it is recognized that final adult height 
is the most important growth measure (17), 
it is not possible to obtain such information 
until a product has been on the market for a 
number of years and children have had the 
occasion for long-term exposure. 

The next best option for new drug prod- 
ucts is to assess changes in height over a 
specified time period. Too short a treatment 
period is likely to lessen the value of the data 
as an indicator of the effect on long-term 
growth ( 1). Longer treatment durations are 
more problematic from the view-point of con- 
sistency in drug administration and subject 
loss to follow-up. We believe that a 12-month 
treatment duration represents an appropriate 
balance. 

Inclusion of a six-month run-in period to 
assess prestudy growth velocity and a follow- 
up time period to assess catch up growth are 
considerations FDA favors (15). Interpreta- 
tion of such results will be dependent on the 
extent to which oral and inhaled corticoste- 
roids are used during these time periods. 

Entry Criteria 

To avoid confounding with concomitant 
growth disorders, it is essential to recruit sub- 
jects of normal height, weight, and growth 
rate. This can be done by comparing the 
height, weight, and growth rate of each child 
against relevant standard norms, and exclud- 
ing those children at the extreme percentiles. 
Subjects with known growth disorders or 
who are taking medication likely to affect 
growth should be excluded from the study. 
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It is also important to consider the ages of 
children. Puberty is a period of erratic and 
unpredictable growth, and hence has the po- 
tential for confounding with treatment arm. 
It is, therefore, advisable to exclude children 
of an age who could enter puberty during 
the course of the study (3). The Tanner rating 
of sexual maturity (18) should also be per- 
formed throughout the course of the study 
and only subjects remaining prepubertal at 
the end of the study should be included in 
the primary analysis. 

Data Collection of Factors That May 
Affect Growth 

In addition to regular measurements of height 
throughout the course of the study, a review 
of the literature has shown that the following 
factors are considered important in affecting 
growth and should, therefore, be assessed 
and accounted for in the analysis. Age, gen- 
der, ethnic origin, and previous corticoste- 
roid usage are commonly used in modeling 
growth. In addition, age at onset of wheezing 
(19), socio-economic status (4), and expo- 
sure to smoking (20) have been demonstrated 
to affect growth and should be assessed and 
adjusted for via inclusion in an appropriate 
statistical model. 

Measuring Height 

The review at the advisory meeting in July 
1998 of published growth studies using in- 
haled and intranasal corticosteroids found 
that the magnitude of the effect on growth 
velocity ranged from 0.5 to 1.5 cm/year (15). 
Accurate measurement of height to the near- 
est millimeter on good quality equipment is 
essential in order to detect small treatment 
differences. The following procedure for col- 
lection of height data needs to be utilized in 
clinical trials: 

l Standardized stadiometer across sites, cali- 
brated prior to each measurement (14), 

l Same person responsible for measuring a 
subject throughout the study (12,14), 

l Measurements taken at same time of day 

throughout the study for a subject, prefera- 
bly in the afternoon (12), 

l Measurements performed in triplicate at 
each timepoint, and 

l Detail other standard procedures (14) for 
example, bare feet, hair worn down, un- 
stretched (12), and horizontal position of 
head. 

Measuring Growth 

There are two alternative 
suring groh over time: 

methods for mea- 

. Growth velocity (cmyr), and 
l Standard deviation (SD) scores, referenc- 

ing actual growth velocity to a suitable nor- 
mal growth rate standard. 

SD scores are calculated as: 

SD Score = (subject GV - normal GV)/ 
normal GV standard deviation, 

where GV is growth velocity and ‘normal’ 
is with respect to the normal reference for 
the same age and gender (21). 

Measures such as height (cm) or SD 
scores based on height do not address 
growth. Assessment of height alone after a 
period of treatment may allow one to evalu- 
ate differences between treatments (22), but 
it is much less sensitive than height over 
time. To demonstrate, consider a 6-year-old 
boy with normal height (116 cm) at the 50* 
percentile using commonly available growth 
velocity norms (13). After a year on a hypo- 
thetical growth study, assume that his height 
changed by 4, 5, or 6 cm, as noted in Table 
1. If only his height information were avail- 
able, we would be unlikely to conclude that 
there was a growth effect, since even growth 
of 4 cm yields a height value of approxi- 
mately 2gth percentile. However, taking into 
account the baseline information, a more sen- 
sitive interpretation can be made. This 
growth rate of 4 cm&r yields a growth veloc- 
ity value of less than the 3’ percentile. 

There are advantages to analysis of SD 
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TABLE 1 
Hypothetical Results for a 6-year-old 

Male on a Year-long Growth Study 

Growth 
Height Change Height Velocity 
(cm) (cmlyr) Percentile Percentile 

122 6 50 50 
121 5 -35 -12 
120 4 -28 <3 

scores and advantages to the direct measure 
in cm/yr The benefits of analyzing growth 
velocity (cm/yr) include ease of interpreta- 
tion and direct applicability to clinical prac- 
tice. Growth velocity, however, does not ac- 
count for subject age and gender, which are 
important factors in assessing normal growth. 
If the subject population is in an age range 
where normal growth velocity is approxi- 
mately linear, and the effect of age on growth 
rate has only linear (and quadratic) compo- 
nents, this may still be accounted for by in- 
clusion of age (and age squared) and gender 
in a statistical model. 

SD scores have the advantage of standard- 
izing across age and gender, which allow for 
a more direct comparison of treatment group 
differences over the age and gender profile 
of the population under study. SD scores are 
more advantageous when growth rates are 
not linear across the age range being studied. 
Because of the nonlinear nature of growth 
during puberty and early childhood, it is an- 
ticipated that SD scores may better account 
for these variations in age and gender in com- 
parison to inclusion of age and gender in the 
statistical model. 

It should be noted that reference data for 
calculating SD scores might be out-of-date or 
nonexistent for some countries and/or ages. 
There are also concerns about the accuracy 
of these charts due to their distributional as- 
sumptions, their methods of smoothing, and 
the use of cross-sectional rather than longitu- 
dinal data. More significantly, however, asth- 
matics do not grow at the same rate as normal 
children and thus the reference group will 
not provide an appropriate comparison. This 

is especially important in studies without a 
control group (23), since comparison of a 
single-armed study to normal children will 
confound growth reduction due to the drug 
with growth reduction due to the disease. 

Another method to incorporate informa- 
tion about growth from normal populations 
is to use percentiles from normal growth 
curves. As with SD scores, age and gender 
effects are inherently taken into account. 
These percentiles are difficult to obtain, how- 
ever, as they require interpolation from 
growth curves. A simpler way to summarize 
the data is using a contingency table, catego- 
rizing across treatment groups by frequency 
of subjects below the third percentile, tenth 
percentile, and so forth, at the beginning and 
end of the trial. This method allows one to 
identify those subjects who may be particu- 
larly susceptible to corticosteroid treatment. 
It does not, however, delineate between those 
slightly below a cutoff and those greatly 
below it (21). Perhaps a more sensitive 
method to investigate these susceptible sub- 
jects would be to define a cut-off based on 
SD scores or cm/yr. SD scores utilize the 
same external information as percentiles if, 
as in the case of Tanner and Davies (13), 
percentiles are simply calculated by assum- 
ing normality and incrementing multiples of 
the standard deviation from the median. 

Study Objectives 

The objective with respect to growth will 
depend upon whether the study is designed 
to compare against another inhaled cortico- 
steroid (active or positive control), or against 
a control not anticipated to have growth ef- 
fects (negative control). In the case of com- 
paring to a negative control, the objective 
may be to demonstrate equivalence (or non- 
inferiority) or to estimate size of effect. In the 
case of comparing to another corticosteroid, 
superiority will be the objective if the product 
is expected to have less effect on growth than 
the control (24,25). 

Ideally, study objectives should not focus 
on the side effects of the drug without regard 
to the effects of the disease itself. A different 
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objective could be to answer the question 
‘What information does the prescribing phy- 
sician need in order to assess what is best 
for a patient?” To answer this question, stud- 
ies that compare the growth effects in chil- 
dren on a given inhaled corticosteroid with 
other children on clinically appropriate inter- 
ventions should be considered. For example, 
some children in a negative control arm 
might occasionally need an oral steroid burst 
to keep their asthma controlled. This kind of 
comparison would assess whether long-term 
use of inhaled corticosteroids, where a con- 
sistently high level of asthma control is antic- 
ipated, is better than short-term use of oral 
corticosteroids with variable asthma control: 
inhaled corticosteroid treatment causes mini- 
mal effect on growth while providing ade- 
quate control of the disease. Consideration 
should also be given to a design that incorpo- 
rates titration to the lowest effective dose, 
thus further improving the risk/benefit ratio. 

Confounding with Treatment Arm 

Previous growth studies have highlighted a 
key confounding factor in the analysis of 
growth. In studies with a placebo control, 
withdrawal due to worsening asthma has 
been confounded with treatment allocation. 
Given that asthma control is likely to be infe- 
rior for subjects in the control arm, it is likely 
that a differential dropout rate will occur. The 
more severely ill subjects will withdraw from 
the control arm, leaving the milder, poten- 
tially faster growing subjects. In the cortico- 
steroid arm, however, both mild (faster grow- 
ing) and more severe (slower growing) 
subjects are likely to remain. If this factor 
is not taken into consideration, an apparent 
difference in growth rates between treat- 
ments may be wrongly attributed to the corti- 
costeroid. 

There is no simple solution to this prob- 
lem. For subjects withdrawing after four to 
six months of treatment, we are still able to 
obtain a reasonable estimate of annual 
growth velocity. For the less controlled sub- 
jects who withdraw during the first four to six 

months of treatment, however, an estimate of 
annual growth velocity is likely to be dis- 
torted due to the nature of how children grow 
(1,26,27). Our recommendation is to collect 
height data after treatment failure for these 
subjects. This option is not ideal, as these 
subjects are likely to be given a medication 
(prednisone burst or another inhaled cortico- 
steroid) that also has potential to impact 
growth. Some information can still be sal- 
vaged, but the resulting comparison may be 
of treatment strategies, rather than compari- 
son to a negative control. 

Consideration should also be given to the 
use (where appropriate for the dose) of only 
mild persistent asthmatics ( 16), since recom- 
mendations for long-term control in this 
group include low dose corticosteroid, nedo- 
cromil, or cromolyn (8). Characterization of 
only mild persistent asthmatics via entry cri- 
teria may be difficult to achieve, however, 
and conclusions for more severe asthmatics 
cannot be drawn directly From the study of 
mild asthmatics. Although the nonrandom 
dropout phenomenon should be diminished 
in this milder group, measures should still 
be taken to assess whether it occurred and 
to manage the issue through suitable design. 

The relationship between asthma, uncon- 
trolled asthma, and growth is a complex one 
that is not well understood. If ethically feasi- 
ble, a 2 x 2 factorial design comparing nor- 
mals and asthmatics with and without inhaled 
steroid treatment could be considered to ex- 
amine the absolute effects of steroids on 
growth. Such a design, however, assumes in- 
correctly that the effect of asthma/asthma 
control is constant across subjects. In addi- 
tion, there is evidence (28) that normal chil- 
dren would get larger doses of drug due to 
greater peripheral lung deposition, and so the 
impact on normal children is also irrelevant 
because they would presumably receive a 
higher systemic dose than their asthmatic 
counterparts. 

Age is also a potential confounding factor. 
For example, if the age range of children 
included in the study spans very different 
growth curves (such as children l-2 years 
old and 2-4 years old) implying that growth 
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is not easily modeled across this age range, 
then a stratified randomization would be pre- 
ferred. 

STUDY ANALYSIS 
Several possible analyses are presented in 
this section for studies of growth in prepubes- 
cent asthmatic populations. It is important to 
note that any growth effects due to asthma 
are confounded with growth effects due to 
treatment because nonasthmatic children are 
not enrolled in these studies. Also note, it is 
assumed that growth rate is linear for the 
time period studied. 

The main purpose of this section is to 
consider the confounding of treatment arm 
with dropouts due to lack of efficacy. Meth- 
ods for handling this situation are separated 
into three cases. The first case assumes drop- 
outs are missing completely at random 
(MCAR) or MCAR within treatment groups 
as described by Little and Rubin (29). MCAR 
within treatment groups implies that within 
a given treatment group the probability of 
withdrawal is the same for every subject re- 
gardless of the value of his/her response. In 
the second case, methods will be considered 
under the assumption of missing at random 
(MAR) (29). The MAR mechanism implies 
that the probability that a given patient will 
drop out may depend on past observations 
but not on potential current or future obser- 
vations. The third case to be considered is 
that dropouts are neither MCAR nor MAR. 

The analyses presented here will assume 
the following setting. Prepubescent children 
meeting inclusion criteria are randomly as- 
signed to treatment groups. Age, gender, 
baseline height, and growth rate are col- 
lected, and subject heights are measured at 
several periodic intervals through the course 
of the study. Other covariates such as ethnic- 
ity and socio-economic status may also be 
assessed at entry and included in the model. 

Assuming Dropouts are Missing 
Completely at Random (MCAR) 

MCAR may be a reasonable assumption in 
studies comparing the effects of two different 
inhaled corticosteroids on growth or in a 

study of intranasal corticosteroids for rhini- 
tis. If the design considerations given in the 
previous section are employed, it is less 
likely that the dropout rate would be con- 
founded with treatment arm, dropout rates 
would be small, and the effect of any nonran- 
dom dropouts on treatment comparisons 
would be minimal. All of the analyses pre- 
sented here give unbiased estimates under 
the MCAR assumption. 

With multiple observations per subject 
taken over time, the data in their raw form 
do not possess the statistical property of inde- 
pendence. Hence, approaches to these data 
must either consider the within-subject de- 
pendence in the analysis or reduce the data 
to one observation per subject. Possibilities 
for reducing the data to one observation per 
subject include estimating the growth rate 
using only the f%st and last observation (de- 
scribed hereafter as the two-points approach) 
and using all the observations to estimate the 
growth rate by fitting a line to the height 
observations from each subject (described 
hereafter as the slope approach). The slope 
approach differs from the two-points ap- 
proach in that it uses all the available infor- 
mation and is more robust to the variability 
of growth rates observed due to measurement 
error. With either approach under the MCAR 
assumption, it is reasonable to require a sub- 
ject’s observations to span some minimum 
amount of time (eg, 4 or 6 months) to ensure 
a reasonable estimate. Reducing multivariate 
data to univariate data has been used in simi- 
lar settings (30) and is discussed in more 
general terms in Ghosh et al. (3 1). 

Once the data have been reduced to one 
observation per subject, several possibilities 
for analysis exist. One tactic is to model the 
growth rates directly using a general linear 
model (GLM). In the example below, growth 
rate is regressed on treatment, gender, inves- 
tigator, baseline rate, age, age*, and age by 
gender interaction. Age* is included in the 
model to capture the slight curvature of 
growth curves that is apparent in prepubes- 
cent children. The age by gender interaction 
is included because the difference between 
male and female growth rate curves depends 
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on age. Other covariates believed to affect 
growth should be included if available. 

With the slope approach, subjects who did 
not complete the study can still have a regres- 
sion line fit to their observed heights pro- 
vided that at least two observations are avail- 
able. In addition to estimating the slope, the 
variance of the slope estimate can also be 
obtained provided three or more points are 
available. Subjects can then be included in 
the model using slope as the response vari- 
able in either a weighted or unweighted man- 
ner. Using the inverse of the variances of the 
slopes as weights provides asymptotically 
best linear unbiased estimates when dropouts 
are MCAR. The advantage of using weights 
is that slopes that are less precisely estimated 
from fewer observations are not given undue 
influence. However, since subjects with 
fewer observations are generally not given 
the weight they would have, had they com- 
pleted the study, using weights may introduce 
additional bias when dropouts are not 
MCAR. For this reason the weighted GLM 
approach is only recommended under the as- 
sumption of MCAR. 

Other options for analysis involve using 
growth curves such as those of Tanner and 
Davies (13) to obtain SD scores. These SD 
scores can then be modelled in the same man- 
ner as above without having to include age, 
gender, age2, or age by gender in the model. 
Disadvantages and advantages of this strat- 
egy have been discussed above. 

An alternative to reducing the data to one 
observation per subject is to use all the obser- 
vations, that is, all height measurements 
taken on each subject, with a mixed model 
approach (with subject being treated as a ran- 
dom effect). Here, the pattern of dependence 
of observations within each subject is mod- 
elled uniformly across subjects. An AR( 1) 
plus compound symmetry dependence struc- 
ture (32) is assumed for the analysis pre- 
sented below in the results section. This 
means that all observations on the same sub- 
ject are considered to be correlated to at least 
some degree, but pairs of observations closer 
together in time are considered to be more 
correlated than pairs farther apart. REstricted 

Maximum Likelihood (REML) is used to es- 
timate regression parameters and variance 
components. Some brief details of this ap- 
proach along with SAS (33) code are given 
in the Appendix. This approach potentially 
has more power than the univariate ap- 
proaches since all the available information 
is used simultaneously. 

Assuming Dropouts are not Missing 
Completely at Random (MAR) 

As noted above, especially for studies includ- 
ing a placebo arm, there is the potential for 
confounding between treatment arm and sub- 
ject withdrawals due to uncontrolled asthma, 
that is, it is likely that dropouts are related 
to previous growth via the relationship of 
growth with lack of efficacy. The assumption 
that dropouts are MAR allows this relation- 
ship with past observations but assumes that 
dropout does not depend on future or the 
current unobserved values. Assuming drop- 
outs are MAR, analyzing only the completers 
introduces dropout bias into the analysis. For 
growth studies where posttreatment failure 
measurements are not available, this dropout 
bias may not be completely removed, but its 
effect can be minimized. Some methods for 
performing the analysis and reducing the 
dropout bias are described here. The situation 
where postwithdrawal measurements are 
available is considered as well. 

The mixed model approach, which uses 
individual height measures for each subject, 
allows the inclusion of height observations 
from the subjects who dropout before mea- 
surements cease to be taken. Regression pa- 
rameter estimates are unbiased if dropouts 
are MAR because the dropout mechanism 
does not have to be explicitly modelled in 
a maximum likelihood approach. If dropout 
depends on the unobserved present or future 
observations, then the estimates will still be 
biased. 

Under the assumption of MAR, the slope 
approach and the two-point approach yield 
slightly biased estimates because they re- 
quire at least two observations. Unfortu- 
nately, there is a trade-off with including sub- 
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jects with minimal data. Estimating slopes 
from only a minimal number of observations 
close together in time introduces more vari- 
ability. Since, unlike the mixed model ap- 
proach, the data are reduced to one observa- 
tion per subject, heterogeneity of variance 
becomes a concern. 

The final scenario is that the missingness 
is neither MCAR nor MAR. In this case, 
none of the analyses presented here including 
the mixed model approach give unbiased es- 
timates of the treatment differences. Assum- 
ing that estimated slopes possess a distribu- 
tion centered at the true slopes, the slope and 
two-point approaches yield unbiased esti- 
mates. If the distributions of estimated slopes 
are only approximately centered at the true 
slopes, then the slope and two-point ap- 
proaches using as much of the data as possi- 
ble may yield less biased estimates than the 
other analyses presented here. This is be- 
cause all subjects are given the same weight 
in the analysis regardless of how long they 
were in the study. Unfortunately, this reduced 
bias is at the cost of increased variability in 
the estimates. How to appropriately balance 
bias and variability is subjective and the 
problem is further illustrated in the example 
in the next section. 

In studies where measurements continue 
to be recorded after treatment failure, these 
posttreatment failure observations can be in- 
cluded with the mixed model approach. This 
can be accomplished by use of an additional 
regressor and its interaction with time to de- 
scribe heights occurring prior to or after 
treatment failure. If all subjects with treat- 
ment failure are administered the same medi- 
cation, this regressor would have a value of 
‘0’ for heights prior to treatment failure and 
‘ 1’ for heights after treatment failure. More 
practically speaking, subjects experiencing 
treatment failure may have varying intensi- 
ties of medication, depending on the intensity 
of the treatment failure. This could be accom- 
modated in the analysis by replacing regres- 
sors of value ‘1’ with a value matching the 
strength of the medication’s effect on growth, 
for example, 1 = cromolyn, 2 = inhaled cor- 
ticosteroid, 3 = prednisone burst. 

Another way to address dropout bias is to 
include time in study as a regressor used with 
either the GLM or mixed model approach in 
an attempt to detect systematic differences 
in growth rate between completers and drop- 
outs. However, due to the fact that it is be- 
lieved that causes of dropout are correlated 
with the regressors, the introduction of this 
term into the model potentially causes a 
multicollinearity problem. This was in fact 
seen to be the case for the study examined 
below. 

With missing values, a common approach 
is multiple imputation (34) where missing 
values are imputed multiple times to express 
the variability of the imputations. Complete 
data analyses are then performed and the re- 
sults are aggregated in an appropriate fash- 
ion. Complications arise, however, when 
attempting to apply multiple imputation pro- 
cedures to growth studies. Since it would be 
rare for two subjects to possess an identical 
set of regressors, fairly straightforward meth- 
ods such as the approximate Bayesian boot- 
strap (35), cannot be applied directly. Also, 
if missing values are not missing at random 
as described by Rubin (35), the problem is 
further complicated. There is potential for a 
solution using multiple imputation, espe- 
cially if the dropout mechanism can be mod- 
eled (36); however, more research is needed. 

Illustration of Methods 

The methods detailed above were applied to 
data from a double-blind study examining 
growth in prep&scent asthmatic children 
treated with fluticasone propionate (3). A 
total of 325 subjects, 244 males and 81 fe- 
males, were enrolled in a year-long double- 
blind study and randomly assigned to a pla- 
cebo, 50 pg BID, or 100 pg BID arm. Height 
was measured monthly throughout the study. 
A total of 57 subjects (including 55 complet- 
ers) had Tanner scores > 1, indicating the on- 
set of puberty, and were dropped from the 
analysis, leaving a total of 268 subjects of 
which 208 had complete data. Of the 26 with- 
drawals attributed to lack of efficacy, 20 of 
those occurred in the placebo group. 
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Table 2 displays the results of the analy- 
ses. Variables included in the models were 
treatment, investigator, baseline growth rate, 
age, gender, age*, and gender by age interac- 
tion. In addition, the mixed model included 
baseline growth rate by time, and treatment 
by time interactions. Nine analyses are dis- 
played using these data, ordered from sim- 
plest (GLM on growth estimated by two- 
points approach) to most complex (mixed 
model) and then ordered by the number of 
subjects included in the analysis. Some gen- 
eral observations can be made. 

As mentioned above, when comparing a 
corticosteroid treatment with placebo, the 
objective is to demonstrate equivalence or to 
estimate the difference between treatments. 
If one considers clinically meaningful bounds 
to be +l .Ocm/yr, then all analyses demon- 
strate equivalence. Nevertheless, it is still of 
interest to consider the amount of dropout 
bias in the analyses. Dropout bias is best 
indicated by comparing the estimated differ- 
ences between placebo and active doses in 
the various analyses with the most unbiased 
(albeit least powerful) analyses. Without the 
assumption of MAR, these are the GLM two- 
points analysis (row 3) and the GLM slope 
approach (row 6). Under the assumption of 
MAR, the mixed model analysis on all the 
data would yield unbiased estimates (row 9). 
The MAR assumption, however, is probably 
not valid here since dropout is likely to de- 
pend on each subject’s current level of 
asthma control. The condition of MCAR is 
even less likely to be true because subjects 
with uncontrolled asthma and thus slower 
growth are undoubtedly more likely to drop 
out. By comparing the results of the other 
analyses to the two in rows 3 and 6, and 
especially with the 100 p,g versus placebo 
comparison, a fair amount of dropout bias is 
suggested. The analyses performed only on 
completers generally show the most dropout 
bias. 

The effect of making the assumption of 
MCAR incorrectly is seen most noticeably 
by viewing the results from the weighted 
GLM (row 7). Here the estimated difference 
between the high dose and placebo is appre- 

ciably higher than the estimates obtained 
from the other analysis methods. 

To compare the power or discriminating 
ability of the various analyses, the widths of 
the 95% confidence intervals are compared. 
For this study, the mixed model approaches 
(rows 8 and 9) are the best from this perspec- 
tive. For the other approaches, the ones that 
use as much of the data as possible (rows 3 
and 6) or only completers (rows 1, 4, and 7) 
have more variability than the analyses that 
use subjects with at least 6 months of data 
(rows 2 and 5). This illustrates the trade off 
between bias and variability. 

Since the assumptions that responses are 
normally distributed and that errors follow 
an AR( 1) dependency structure are made in 
the mixed models approach (see Appendix), 
the parameter estimates were compared with 
those obtained from a GEE approach in Proc 
Genmod (33) with the same model except 
that subject is no longer treated as random 
yielding a slightly different correlation struc- 
ture. Estimated treatment differences from 
this approach were quite similar to the esti- 
mates from the mixed model approach, indi- 
cating that the assumptions made in the 
mixed model approach in addition to those 
made in the GEE approach do not cause the 
results to differ appreciably. 

DISCUSSION 

While measuring a child’s height at one time 
point is a relatively simple procedure, assess- 
ing the impact of corticosteroid treatment on 
growth in asthmatic children is complex 
since both drug and disease, among other 
factors, may affect growth rate. We offer here 
our general recommendations for growth 
study design and analysis, as well as specifics 
for investigating the growth effects of a drug 
in a disease known to impact the same sys- 
tem. While there have been effects seen at 
higher doses or with older agents that are 
likely to be beyond the level of impact from 
disease, it may be overly diligent to cause 
concern over differences that may be primar- 
ily a matter of a design flaw. For this reason, 



TABLE 2 
Comparison of Analysis Procedures 

Contrasts 

Method to 
50 pg Dose-Placebo 100 pg Dose-Placebo 

Analysis 
Method 

Estimate Analysis Width Width 
Growth Population (N) Estimate 95% Cl of Cl Estimate 95% Cl of Cl 

7. GLM Two-points Completers (208) -0.24 
2. GLM Two-points 27 obs (232) -0.22 
3. GLM Two-points 22 obs (261) -0.20 
4. GLM Slope Completers (208) -0.76 
5. GLM Slope ~7 obs (232) -0.18 
6. GLM Slope 22 obs (261) -0.14 
7. Weighted GLM Slope Completers (208) -0.22 
8. Mixed model Completers (208) -0.22 
9. Mixed model 21 obs (268) -0.22 

(-0.67, 0.19) 0.86 
(-0.62, 0.19) 0.81 
(-0.88, 0.26) 0.92 
(-0.59, 0.28) 0.86 
(-0.58, 0.21) 0.79 
(-0.59, 0.31) 0.90 
(-0.63, 0.18) 0.87 
(-0.53, 0.08) 0.67 
(-0.50, 0.06) 0.56 

-0.46 (-0.88, -0.03) 0.85 
-0.37 (-0.76, 0.02) 0.78 
-0.27 (-0.71, 0.16) 0.87 
-0.43 (-0.85, -0.00) 0.85 
-0.40 (-0.78, -0.02) 0.76 
-0.28 (-0.71, 0.16) 0.86 
-0.57 (-0.97, -0.18) 0.79 
-0.41 (-0.77, -0.70) 0.67 
-0.39 (-0.67, -0.11) 0.55 

The mixed models analysis on all of the data used 3267 observations from 266 subjects. The mixed models analysis on completers used 
2912 observations from 208 subjects. 
Cl = confidence interval. All values are in cm/yr. Note that analyses in italics are on completer subjects only. These analyses are most 
affected by the confounding of treatment group with dropout rate and are included here for comparison. 
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future growth studies must attempt to mini- 
mize this problem. 

Criticisms have been made with respect 
to this design flaw in interpretation of results 
(15). We believe, however, that the upcoming 
FDA recommendation to move away from 
assessing whether a drug does or does not 
have an effect (a p-value) towards an investi- 
gation of where a drug lies on a continuum 
(a confidence interval) ( 16) is a sound ap- 
proach. 

The upcoming guidance is expected to 
recommend that mild persistent asthmatics 
be the focus of growth studies, and that sub- 
jects continue to be measured for height re- 
gardless of treatment failure. This seems a 
reasonable goal from the viewpoint of min- 
imizing dropouts in a cromolyn or nedo- 
cromil control group in light of asthma con- 
trol guidelines (IS), but it is still possible that 
nonrandom dropouts will occur. Whether it 
is feasible to develop inclusion/exclusion cri- 
teria in order to target this mild persistent 
group is currently an open question. If mild 
intermittent subjects are enrolled, these pa- 
tients are not indicated for inhaled corticoste- 
roids and have greater potential for growth 
effects due to more peripheral (alveolar) pen- 
etration of drug within the lungs, hence po- 
tentially greater systemic absorption com- 
pared to patients with more severe asthma 
(28). Conversely, if moderate persistent sub- 
jects are enrolled, the nonrandom dropout 
problem becomes more of an issue. 

A possible alternative is to allow subjects 
to receive standard asthma therapy, including 
prednisone bursts, after treatment failure. 
This approach would allow prescribing phy- 
sicians and parents to assess the tradeoffs of 
both efficacy and growth between asthma 
control via inhaled corticosteroids, and lack 
of asthma control and associated prednisone 
bursts. An analysis method that can accom- 
modate this design enhancement is the mixed 
model approach adapted to account for post 
treatment failure observations. 

the least variable of the approaches consid- 
ered. When missingness is neither MCAR 
nor MAR the GLM slope approach per- 
formed on as much of the data as possible 
provides the least biased estimates but at the 
cost of high variability. In this circumstance, 
it is less clear what the best solution should 
be. There is a trade-off between either de- 
creasing the variance by using only subjects 
with a minimum amount of data (eg, 4-6 
months) or decreasing the variance by using 
a mixed model approach and decreasing the 
amount of bias in the estimates. 

As in most clinical studies, it is essential 
to have a well-designed trial in order to elimi- 
nate as many of the potential analysis prob- 
lems as possible. This includes careful mea- 
surement of height and assessment of key 
demographic, environmental, and disease 
factors that may influence a child’s growth. 
In addition, designing studies to minirnize 
dropouts (by comparing only treatment arms 
that offer reasonable asthma control) and 
continuing to measure subjects who dropout 
minimizes the bias caused by early with- 
drawals. 

In summary, care must be taken in the 
design and analysis of growth studies to pro- 
vide results that are free from confounding 
effects due to nonrandom dropouts and im- 
balances in treatment allocation with respect 
to demographic and environmental parame- 
ters, such as puberty and socio-economic sta- 
tus. This will provide physicians and parents 
with a clearer understanding of the benefits 
and risks associated with various asthma 
medication alternatives. 

The potential for disease effects to be 
confounded with drug treatment effects also 
needs to be considered (37). Perhaps inclu- 
sion of some measure of asthma control in 
the analysis is a potential solution. Further 
research is needed on this aspect of the design 
and analysis of growth studies. 
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APPENDIX 

Here details of the mixed model approach are given. 
The mixed model for the i” subject is 

Y, = x,g + Z,U + E, 

where Y, is the m, x 1 vector of heights, containing 
m, < m observations taken at some or all of m fixed 
points in time. X, is the m, x p design matrix amd Q is 
a p x 1 vector of parameters including age, age’, gender, 
age*gender, investigator, treatmenf time, treatment* 
time, baseline rate, and baseline rate*time. Z, is the 

m, x q random effects design matrix (Z, is am, x 1 vector 
of ones when subject is the only random effect). U, is 
a q x 1 vector containing the random effects. When 
q = 1, U,, is a random intercept term. 

The mixed model assumes that U, and E, are indepen- 
dent and multivariate normal with respective variances 
Cl and R,. These assumptions imply that Var(Y,) = Z,GZT 
+ R,. Thus, the intra-subject correlation is accounted for 
with nondiagonal R, or through U ,. Under exchangeabil- 
ity (compound symmetry), the error variance-covariance 
matrix R, for each subject would look like 

With an AR( 1) structure, the error variance 
matrix for each subject would look like 

covariance 

When in addition to specifying a structure for the 
errors, subject is treated as random, the variance covari- 
ante matrix for each subject has an additional parameter 
0: added to every term in the matrix. This yields a 
correlation structure where each pair of observations 
from the same subject are considered correlated to at 
least some degree, with observations closer together in 
time being more correlated. 

When heights are used as the response, the within- 
subject effect of time becomes of interest. More specifi- 
tally. the treatmentltime interaction answers the qUeS- 

tion of differing rates and is used as a basis for estimates 
and confidence intervals on the treatment differences. 

SAS Code 

PROC MIXED DATA = dataset; 
CLASS utgp invest gender patient; 
MODEL height= trtgp invest gender age agesqrd 

baserate time age*gender 
baserate* time time+trtgp/s; 

REPEATED/type = a.r( 1) subject=patient rcorr; 
RANDOM patient; *adds the exchangeable compo 

nent to the correlation structure; 
PARMS 25 .5 .5; *initial estimates of between subject 

var. AR(l) parm. and residual var 
respectively; 

ESTIMATE ‘Placebo vs 50’ trtgp*time - 1 1 O/cl; 
ESTIMATE ‘Placebo vs 100’ trtgp*time - 1 0 l/cl; 

RUN; 
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