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Effects of Early Intervention With
Inhaled Budesonide on Lung Function in
Newly Diagnosed Asthma*

Paul M. O’Byrne, MD, FCCP; Søren Pedersen, MD; William W. Busse, MD;
Wan C. Tan, MD, FCCP; Yu-Zhi Chen, MD; Stefan V. Ohlsson, PhD;
Anders Ullman, MD; Carl Johan Lamm, PhD; and
Romain A. Pauwels, MD, FCCP†

Study objectives: Asthmatic patients lose lung function faster than normal subjects. The
effectiveness of early intervention with inhaled corticosteroids on this decline in lung function is
not established in recent-onset disease.
Design: The Inhaled Steroid Treatment as Regular Therapy in Early Asthma study was a
randomized, double-blind study in 7,165 patients (5 to 66 years old), with persistent asthma for
< 2 years to determine whether early intervention with low-dose inhaled budesonide prevents
severe asthma-related events and the decline in lung function. Patients received budesonide (200
�g qd for children < 11 years old and 400 �g qd for others) or placebo for 3 years in addition to
usual asthma medications.
Results: Treatment with budesonide significantly improved prebronchodilator and postbron-
chodilator FEV1 percentage of predicted and reduced the mean declines from baseline for
postbronchodilator FEV1 at 1 year and 3 years: – 0.62% and – 1.79% for budesonide and – 2.11%
and – 2.68% for placebo, respectively (p < 0.001). The decline was more marked for male
patients, active smokers, and patients > 18 years old, and the smallest treatment effects were in
adolescents.
Conclusions: Long-term, once-daily treatment with low-dose budesonide improved both prebron-
chodilator and postbronchodilator FEV1 in patients with recent-onset, persistent asthma, and
reduced the loss of lung function over time. (CHEST 2006; 129:1478–1485)

Key words: asthma; early intervention; inhaled corticosteroids; lung function

Abbreviations: CAMP � Childhood Asthma Management Program; START � Inhaled Steroid Treatment as Regular
Therapy in Early Asthma

A sthma is identified by the presence of reversible
airflow obstruction; however, irreversible airflow

obstruction also develops in some asthmatic patients.
Peat et al1 described a greater decline in lung
function, as measured by height-adjusted FEV1, in a
cohort of asthmatic patients when compared to
normal subjects (50 mL/yr vs 35 mL/yr) followed up

for 18 years. These observations have been con-
firmed by Lange et al,2 who reported on a Danish
cohort followed up over 15 years, and by Sears et al3
in a New Zealand population-based birth cohort.
The degree of loss in lung function has been shown
to be related to asthma duration.4,5

The mechanisms of the loss in FEV1 may result

*From the Department of Medicine (Dr. O’Byrne), McMaster
University, Hamilton, ON, Canada; Department of Pediatrics
(Dr. Pedersen), Kolding Hospital, University of Odense, Kolding,
Denmark; University of Wisconsin (Dr. Busse), Madison, WI;
National University of Singapore (Dr. Tan), Singapore; Capital
Institute of Pediatrics (Dr. Chen), Beijing, People’s Republic of
China; AstraZeneca R&D (Drs. Ohlsson, Lamm, and Ullman),
Lund, Sweden; and Department of Respiratory Diseases (Dr.
Pauwels), Ghent University Hospital, Ghent, Belgium; on behalf
of the START Investigators Group.

†Dr. Pauwels died in January 2005.
This study was funded by AstraZeneca R&D, Lund, Sweden.
Manuscript received November 7, 2005; revision accepted De-
cember 1, 2005.
Reproduction of this article is prohibited without written permission
from the American College of Chest Physicians (www.chestjournal.
org/misc/reprints.shtml).
Correspondence to: Paul O’Byrne, MD, FCCP, Department of
Medicine, McMaster University Medical Center, 1200 Main St
West, Hamilton, ON, Canada; e-mail: obyrnep@mcmaster.ca

CHEST Original Research
ASTHMA

1478 Original Research

 at University of Utah on December 27, 2006 www.chestjournal.orgDownloaded from 

http://www.chestjournal.org


from the development of airway remodeling; how-
ever, no prospective studies have been conducted to
test this hypothesis. Nonetheless, one study6 sug-
gested that the decline in FEV1 may be related to the
persistence of airway inflammation, albeit neutro-
philic inflammation. Some studies have suggested
that early treatment with inhaled corticosteroids may
prevent the development of the accelerated decline
in FEV1. Agertoft and Pedersen7 and Haahtela et al8
reported that the early introduction of inhaled cor-
ticosteroids in newly diagnosed asthma in children or

For editorial comment see page 1405

adults results in a greater improvement in lung
function than when introduced as little as 2 years
later. These results suggest that a delay in treating
airway inflammation early in the course of the
disease can result in airway abnormalities, which are
less amenable to inhaled corticosteroid treatment
later. The Childhood Asthma Management Program
(CAMP) study9 prospectively evaluated the effects of
inhaled corticosteroids (budesonide, 400 �g/d) on
lung function in children with a mean duration of
asthma of 5 years. No significant difference between
budesonide and placebo was found in the degree of
change in the postbronchodilator FEV1 percentage
of predicted; however, the mean postbronchodilator
FEV1 value at baseline was � 100% of predicted
normal in all treatment arms, and no significant decline
over time was seen in the postbronchodilator FEV1
percentage of predicted in the placebo group, mak-
ing a treatment effect difficult to demonstrate. In
addition, the children who received budesonide had
a significantly smaller decline in the ratio of FEV1 to
FVC before the administration of a bronchodilator.

The effectiveness of early intervention of inhaled
corticosteroids on asthma progression has yet to be
established in recent-onset, persistent disease.
Therefore, a large worldwide, long-term, double-
blind, placebo-controlled comparison of low doses of
inhaled corticosteroids initiated within the first 2
years of a diagnosis of asthma, the Inhaled Steroid
Treatment as Regular Therapy in Early Asthma
(START) study,10 was undertaken to determine
whether early intervention with low-dose inhaled
budesonide in patients with persistent asthma would
prevent severe asthma-related events and the accel-
erated decline in lung function. The main results of
the START trial are reported elsewhere,11 including
the initial analysis of the postbronchodilator FEV1.
In this report, the first 3-year double-blind part of
the study, examining the effects of early intervention
on lung function, is described in more detail, with
additional analysis.

Materials and Methods

The study design, methods, and inclusion and exclusion criteria
of the START trial are described in detail elsewhere.10 The study
enrolled 7,241 patients aged 5 to 66 years from 32 countries.
Patients had asthma symptoms weekly, but not daily, during the
3 months prior to study. These symptoms had to be present for
� 2 years (ideally � 1 year). Patients demonstrated airway
obstruction by an increase in FEV1 � 12% after a �2-agonist, a
fall in FEV1 � 15% after exercise, or a variation � 15% in peak
expiratory flow rates over 14 days. The study was approved by all
the Research Ethics Boards of participating institutions prior to
initiation, and all subjects signed informed consent before bring
enrolled into the study.

The patients were randomly assigned to receive either once-
daily budesonide or placebo delivered from a dry powder inhaler
(Turbuhaler; AstraZeneca; Lund, Sweden). The daily dose of
budesonide was 200 �g in children aged � 11 years at random-
ization and 400 �g in the others. The placebo was lactose.
Changes in concurrent medication, including introducing inhaled
or systemic corticosteroids, could be made during the study at the
investigator’s discretion to achieve asthma control.

The outcomes measured were change from baseline in pre-
bronchodilator and postbronchodilator FEV1 percentage of pre-
dicted and in FVC percentage of predicted. The FVC values are
only reported for adults because children often failed to complete
the FVC maneuver correctly. Spirometry was performed (Mi-
croLoop II; Micro Medical; Rochester, UK). The postbronchodi-
lator FEV1 was measured at randomization, after 6 and 12 weeks,
and then quarterly 30 min after inhaling terbutaline at 0.5 mg
from dry powder inhaler, or 1 mg via pressurized metered-dose
inhaler (Breathaire; Novartis Pharmaceuticals Corporation; East
Hanover, NJ). The prebronchodilator FEV1 was measured at
randomization and yearly thereafter.

Predicted normal values of FEV1 and FVC were calculated
based on gender, age, and height at each visit. For male patients
� 16.0 years old and for female patients � 15.0 years old, the
prediction formulas of Quanjer at al12 were used, and race
correction factors 1.00, 0.91, 0.87, and 0.88 were applied for
white, Oriental, black, and other race, respectively. For male
patients � 18.0 years old and female patients � 17.0 years old,
predicted values were calculated from the official statement of
the European Respiratory Society,13 and the race correction
factors 1.00, 0.90, 0.87, and 0.85 were applied for white, Oriental,
black, and other race, respectively. In the age range of 16.0 to
18.0 years for male and 15.0 to 17.0 years for female patients,
predicted normal values were computed by linear (in age)
interpolation between the two formulae.

For the purpose of analysis, the cohort was divided into
subgroups determined by age, gender, and smoking history.
Children were aged � 11 years old (28% of patients), adolescents
were aged 11 to 17 years (17% of patients), and adults were aged
� 18 years (55% of patients) at randomization. Cigarette smoking
history was recorded as current (11.6%), previous (8.9%), non-
smoker (50.5%), or passive smoker (29.0%).

Statistical Methods

Longitudinal analysis of change from baseline values in the
spirometric variables was made using mixed models, the main
model including the factors baseline, treatment, time (since
baseline), time squared, treatment � time, treatment � time
squared, region, and region � time. A covariance structure of the
type compound symmetry was assumed. To study differences in
response between demographic subgroups, extensions to the
main model were used.
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Results

Of the 7,241 patients that entered the study, 7,165
were available for analysis, of whom 3,597 were
randomized to budesonide and 3,568 to placebo.
From this cohort, 2,010 patients did not complete
the 3 years of double-blind treatment. The dropout
rate (27.5% in the budesonide group and 28.6% in
the placebo group) and the mean time in the study
(2.47 years in the budesonide group and 2.44 years in
the placebo group) were comparable for the two
treatment arms. There were 3,419 patients in the
budesonide group and 3,394 patients in the placebo
group with assessments of postbronchodilator FEV1
at baseline and on at least one follow-up occasion. All
these patients are used in the longitudinal analysis of
postbronchodilator FEV1. The baseline characteristics
were similar in the two treatment groups (Table 1).

The mean baseline prebronchodilator FEV1 per-
centage of predicted for the whole cohort was 86.5%
(SD 13.9%), with the mean postbronchodilator
FEV1 improving to 96.3% (SD 13.2%). The baseline
FEV1 values were similar in both genders and across

all age groups. The mean baseline prebronchodilator
FEV1 of current or previous smokers was not differ-
ent from nonsmokers; however, the postbronchodi-
lator FEV1 values were slightly reduced to 95.7%
when compared to the nonsmoker values of 96.9%.

Treatment with budesonide significantly improved
both prebronchodilator and postbronchodilator
FEV1 percentage of predicted (Fig 1). These differ-
ences were obvious by 6 weeks, when the changes
from baseline in postbronchodilator FEV1 were
� 0.27% in the budesonide group and – 1.65% in
the placebo group (p � 0.001). Over 3 years, the
postbronchodilator FEV1 declined significantly in
both groups, but a significant treatment effect for
budesonide persisted. After 3 years, the postbron-
chodilator FEV1 values were – 1.79% in the budes-
onide group and – 2.68% in the placebo group
(p � 0.001). The mean difference in postbronchodi-
lator FEV1 between budesonide and placebo was
0.88% (p � 0.001).

The mean baseline postbronchodilator FVC per-
centage of predicted in the adult patients was 97.2%
(SD 13.6%), with the FEV1/FVC ratio being 85.2%
(SD 8.2%). Over 3 years, the FEV1/FVC ratio
declined significantly (p � 0.001) in both treatment
groups by 1.74% in the placebo group and by 0.58%
in the budesonide group. The magnitude of the
change in the budesonide group was significantly less
than that in the placebo group (p � 0.001).

The change in postbronchodilator FEV1 in the
treatment groups demonstrated a Gaussian-like dis-
tribution (Fig 2), and the decline was more marked
for males, current, or previous smokers, and patients
� 18 years old. In the placebo group over years, the

Table 1—Baseline Patient Characteristics

Characteristics
Budesonide
(n � 3,597)

Placebo
(n � 3,568)

Age, yr
5–10 27.8 27.3
11–17 17.8 16.3
18–66 54.4 56.4

Ethnic origin
White 65.4 64.7
Black 1.4 1.7
Oriental 27.7 27.9
Other 5.5 5.6

Gender
Male 45.8 46.0
Female 54.2 54.0

Duration of asthma prior to entry
� 3 mo 36.8 35.7

3 mo to � 6 mo 14.4 13.3
6 mo to � 1 yr 15.5 16.9
� 1 yr 33.3 34.1

Number of symptomatic days in
past 2 weeks

None 8.6 8.8
1–3 d 36.3 34.6
4–7 d 33.5 35.8
� 7 d 21.6 20.8

Smoking status
Current or previous smoker 20.5 20.3
Passive smoker 28.0 30.1
None 51.5 49.6

Prebronchodilator FEV1 %
of predicted

86.3 (13.9) 86.6 (13.9)

Postbronchodilator FEV1 %
of predicted

96.2 (13.1) 96.4 (13.3)

*Data are presented as % or mean (SD).

Figure 1. Effects of treatment with inhaled budesonide or
placebo on change from baseline in prebronchodilator and
postbronchodilator FEV1 percentage of predicted over 3 years.
Points and error bars show means and 95% confidence intervals
for each follow-up visit. Curves show the estimated time-re-
sponse from a longitudinal analysis. Solid symbols and solid lines
denote budesonide. Open symbols and dashed lines denote
placebo. Budesonide significantly improved both prebronchodi-
lator and postbronchodilator FEV1 percentage of predicted.
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decline in male subjects was � 3.6% and in female
subjects was � 1.95%; while in the budesonide
group, the decline in male patients was � 2.68% and
in female patients was � 1.13%. Similarly, in active
smokers in the placebo group, the decline over 3
years was � 4.36% and in nonsmokers was � 2.45%,
while in the budesonide group the decline in active
smokers was � 2.84% and in nonsmokers was
� 1.53%.

Interestingly, the smallest decline in postbron-
chodilator FEV1 over 3 years was seen in adolescents
when compared to children or adults (Fig 3): change
from baseline in the placebo group, � 0.39%;
change from baseline in the budesonide group,
� 0.91%. In addition, the smallest treatment effect
of budesonide on postbronchodilator FEV1 was seen
in adolescents.

The prebronchodilator FEV1 increased in both
treatment groups but significantly more in the
budesonide-treated group (p � 0.001 for all time
points), especially after 1 year of treatment. The
proportion of patients with a prebronchodilator
FEV1 � 80% of predicted at baseline or having
received a dose of corticosteroids during the preced-
ing 6 weeks was 40%. For these patients, the 3-year
change from baseline in postbronchodilator FEV1
percentage of predicted was � 0.02% in the budes-
onide group and – 1.43% in the placebo group
(p � 0.003). The bronchodilator responses mea-
sured at baseline demonstrated a 9.9% improvement
in FEV1 for the entire population. At 1 year, the
improvement in FEV1 was 4.8% in the budesonide
group and 5.8% in the placebo group (mean differ-

ence, � 0.97%; p � 0.001). This difference was
maintained at 2 years and 3 years: � 0.81% and
� 1.04% respectively (each p � 0.001).

Discussion

This study is the first large, prospective evaluation
of the effects of early intervention with inhaled
corticosteroids on asthma progression, as deter-
mined by the development of severe asthma-related
events and changes in lung function. In this study,
average duration of time since asthma diagnosis was
� 1 year. The study demonstrated that treatment
with low doses of inhaled budesonide improved both
prebronchodilator and postbronchodilator FEV1,
and this effect persisted over the 3 years of the study.
However, despite the benefits of inhaled budes-
onide, the postbronchodilator FEV1 declined in both
treatment groups over the duration of the study. This
article extends the description of the results previ-
ously described11 by focusing only on the effects of
early intervention with inhaled corticosteroids on
lung function, the distribution of the response, and
the factors that may determine the response.

Almost all the patient population studied had
symptoms more than weekly but less than daily, with
a mean baseline prebronchodilator FEV1 value
� 85% and postbronchodilator value � 95%, which
would characterize this group as having mild persis-
tent asthma according to the revised Global Initiative
on Asthma guidelines.14 However, a proportion of

Figure 2. Interlaced histograms of change over 3 years in
postbronchodilator FEV1 percentage of predicted for the two
treatment groups. The bar width represents 5%. The budesonide
group is represented by solid bars, and the placebo group is
represented by open bars. The difference between budesonide
and placebo is statistically significant (p � 0.001).

Figure 3. The change in postbronchodilator FEV1 percentage of
predicted after 3 years of treatment with inhaled budesonide or
placebo in children � 11 years old, in adolescents 11 to 17 years
old, and in adults � 18 years old at time of randomization. A
significant treatment effect in postbronchodilator FEV1 percent-
age of predicted was demonstrated in adults (p � 0.001) but not
in adolescents (p � 0.38) or in children (p � 0.31).
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the patients has a prebronchodilator (but not post-
bronchodilator) FEV1 �80% of predicted normal.
The effects of the intervention with inhaled budes-
onide were similar, in all respects, if these patients
were considered as a separate group, when com-
pared to the whole population. Despite the fact that
asthma was new onset, the mean baseline postbron-
chodilator FEV1 was reduced by 3.7%, suggesting
that airway structural changes that result in a decline
in FEV1 begin early in asthma. This information is
consistent with a longitudinal birth cohort,3 initially
studied at aged 9 years, which has demonstrated that
pulmonary function was consistently lower in indi-
viduals with persistent wheezing than in those with-
out persistent wheezing and that tracking of lung
function occurred, with those with the lowest lung
function in adulthood having the lowest values in
childhood, suggesting that the changes occur early in
the disease process.

Another explanation for the lower baseline FEV1

may be imprecision in calculating the percentage of
predicted normal values. For this reason, the base-
line values were recalculated using prediction equa-
tions produced by Knudson et al15 and Hankinson et
al16 for white subjects. For other races, the same race
correction factors as given above were used. Now the
baseline postbronchodilator FEV1 values for the
population were 97.5% (SD 13.9%) and 95.5% (SD
14.9%), respectively. Thus, the baseline reduction in
postbronchodilator FEV1 is unlikely to be explained
by predicted value equation.

The prebronchodilator FEV1 value improved in
both the placebo- and budesonide-treated popula-
tions but significantly more so with budesonide
treatment. The beneficial effect of budesonide is
consistent with many previous studies demonstrating
an improvement in prebronchodilator FEV1 over
time with inhaled corticosteroids. The improvement
in the placebo-treated group is likely due to the
either the benefit that patients achieve from just
being enrolled in clinical trials (the Hawthorne
effect), or the fact that patients were allowed to be
treated with other antiasthma medications, including
inhaled or systemic corticosteroids, during the study,
at the investigator’s discretion, to achieve asthma
control (indeed, by the end of year 1, 21.4% of
placebo-treated patients had been administered a
nonstudy, inhaled or systemic corticosteroid treat-
ment), or a combination of these two effects.

In the planning of this study, the effect of inhaled
budesonide on the postbronchodilator FEV1 was
used as evidence that the inhaled corticosteroid
influenced processes leading to the decline in lung
function. The CAMP trial,9 in which asthmatic chil-
dren were enrolled with a mean duration of asthma

of 5.5 years and with approximately 300 patients in
each treatment group, did not demonstrate an effect
of treatment for 4 years with inhaled budesonide on
the postbronchodilator FEV1 when compared to
placebo. As a result, the investigators concluded that
inhaled corticosteroids did not influence airway re-
modeling in asthma. In contrast, the present, much
larger study did demonstrate a statistically signifi-
cant, almost 1%, difference in the postbronchodila-
tor FEV1 between the budesonide and placebo
treatment groups. This suggests that early introduc-
tion of inhaled corticosteroids in newly diagnosed
asthma can partially prevent the airway remodeling
and its clinical consequence, loss in postbronchodi-
lator FEV1. The finding that the treatment effect was
more marked in adults (� 18 years old), who re-
ceived 400 �g/d of budesonide (42% less decline),
than in children � 11 years old, who received 200
�g/d of budesonide (21% less decline), suggests that
the dose of inhaled budesonide may be important.
The difference between the budesonide and the
placebo treatment groups lessened over the 3 years
of the study. This is likely related to the fact than
� 25% of patients in the placebo arm of the study
had been started on additional inhaled corticoste-
roids by the end of the 3 years of the study.

A surprising result of this study was that no
significant effect was demonstrated in adolescents on
prebronchodilator or postbronchodilator FEV1 over
the 3 years of the study. This result was similar to
that described in the CAMP trial,9 which contained
a large proportion of adolescent children. Features
of asthma are known to improve in many asthmatic
children during adolescence, which has coined the
phrase “growing out of asthma.” This improvement
may explain the lack of change in FEV1 in these
patients. Alternatively, the prediction equation for
the FEV1 was modeled from the predictions in
children and adults, which may have reduced the
precision to detect change over time. During pu-
berty, the relationship between height and lung
function is more complex that at other periods of life,
and assessment of FEV1 percentage of predicted
may not be as precise a measure as at other ages17,18

Also, adherence with treatment is often worse as
children age,19 which may in part explain the lack of
effect of budesonide.

Despite the benefits of early intervention with
inhaled budesonide, postbronchodilator FEV1 values
declined in both treatment groups. The differences
between the groups were most marked at the initial
postrandomization visit at 6 weeks. The reason for
the decline in postbronchodilator FEV1 of almost 2%
in the placebo-treated patients over this short period,
which was not seen in the budesonide-treated pa-
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tients, is not clear. However, part of the explanation
may be the regression to the mean effect that is often
seen in clinical trials, when efforts are being made to
achieve enrolment criteria (in this study, postbron-
chodilator FEV1 values � 80% of predicted). Similar
differences in FEV1 between placebo and inhaled
corticosteroid treatments by the first study visit have
been described in several long-term studies20–22 in
COPD.

The magnitude of decline in postbronchodilator
FEV1 was greater in male compared to female
subjects, in adults compared to children, and in
smokers compared to nonsmokers. The decline dem-
onstrated a Gaussian-like distribution in both treat-
ment groups but with fewer patients in the budes-
onide group in the tail with a greater loss in FEV1.
Thus, 21.4% of patients in the placebo group had a
decline in FEV1 � 10% over the 3 years of the study,
while 17.7% of patients in the budesonide group had
a similar decline. In the placebo group, there was a
1.6% decline in FEV1 during the first 6 weeks;
subsequently, there was on average, a decline by
0.4% per year up to the 3-year follow-up. In the
budesonide group, there was a 0.3% increase in
FEV1 during the first 6 weeks; subsequently, there
was on average a decline of 0.7% per year up to the
3-year follow-up. These results suggest that there is
an effect of the asthmatic process on airway remod-
eling that is either resistant to the effects of inhaled
corticosteroids or may require a higher dose than
was used in this study. Inhaled corticosteroids im-
prove some of the airway structural changes that are
found in patients with asthma, including the integrity
of the airway epithelium,23 the extent of airway
vascularity,24 and the extent of the extracellular
matrix deposition below the basement membrane.25

Interestingly, these effects were seen with a higher
dose of inhaled corticosteroid (an average dosage of
inhaled fluticasone propionate of 1,000 �g/d or
budesonide of 800 �g/d) than was used in the
present study. Also, in the study of Sont et al,25 both
clinical outcomes and the reduction in airway extra-
cellular matrix were seen with a higher dose rather
than a lower dose of inhaled budesonide. Further-
more, no information exists on the effects of inhaled
corticosteroids on some other components, such as
the increases in airway smooth-muscle volume.

The FEV1/FVC ratio is a sensitive indicator of
airflow obstruction and was improved by treatment
with inhaled budesonide in childhood asthma in the
CAMP trial.9 In the present study, reliable results for
FVC were not obtained in children and adolescents
because stringent efforts were not made in all cen-
ters to ensure a sufficiently long expiratory phase of
the forced expiratory maneuver. Reliable informa-

tion was, however, obtained in the adult patients.
The results in the adults confirmed that treatment
with budesonide significantly attenuated the decline
in the FEV1/FVC ratio demonstrated in the placebo
group.

The contribution of bias must be considered when
interpreting the results of this study. Two potential
sources of bias exist. These are as a result of the
study design and in the calculation of the predicted
normal values. The trial design has used the baseline
FEV1 for many of the calculations described in this
article. The baseline FEV1 was used as one of the
entry criteria for the study and thereby may have
given an erroneously high result as investigators and
patients attempted to obtain the best possible value
for FEV1 at the baseline visit. Also, the design
allowed for concomitant treatment to be adminis-
tered throughout the study; indeed, by the end of the
3 years of study, 45% of the placebo group had
received inhaled oral or systemic corticosteroids.
This could minimize any possible treatment differ-
ences, and the effect would increase as the study
progressed. The second source of bias is in the
calculation of predicted normal values, in which
prediction equations used are � 30 years old and
likely provide predicted normal values that are too
low. Therefore, interpreting the absolute levels
within the groups is likely not precise; however, the
random allocation should allow accurate estimates of
treatment differences between groups.

The bronchodilator response documented at the
baseline visit was 9.9% improvement in FEV1, and
the magnitude of the benefit is, in part, due to the
baseline measurement bias described above. The
subsequent measurements made at years 1, 2, and 3
show a consistent difference between the budes-
onide and placebo treatment groups, with the pla-
cebo group having approximately 1% greater bron-
chodilator response at each visit. This finding is in
agreement with that in another study.26

In summary, this study has demonstrated that
early intervention with inhaled budesonide within
the first 2 years of asthma diagnosis in patients with
persistent asthma improves both prebronchodilator
and postbronchodilator FEV1. In addition, postbron-
chodilator FEV1 values declined in both the budes-
onide and placebo treatment groups. This suggests
that there may be inhaled steroid-sensitive and
inhaled steroid-insensitive components to airway
structural changes associated with asthma, which
cause the decline in percentage of predicted FEV1,
or alternatively the complete inhibition of the de-
cline in FEV1 requires a higher dose of inhaled
corticosteroids than was used in this study.
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Appendix: START Safety Committee and
Investigators

Safety Committee

A. Sheffer (Boston, MA [Chairman]); A. Woolcock (Sydney,
Australia); P. Diaz (Santiago, Chile); M. Silverman (Leicester,
UK); B. Lindmark (Lund, Sweden [nonvoting member]).

START Investigators

Western and Central Europe: Austria (n � 88 patients re-
cruited): Josef Eckmayr, Josef Riedler, Gert Wurzinger, Günter
Ott, Jasminka Zarkovic, Andrea Schulheim, Manfred Götz, Her-
wig Schinko, Ingrid Thomüller; Belgium (n � 223): Wilfried de
Backer, Hugo van Bever, Geert Verleden, Christiane de Boeck,
Joseph Aumann, Walter Vincken, Isidor Dab, Paul de Vuyst,
Marc de Jonghe, Georges Casimir, Guy Joos, Frans de Baets,
Yves Bogaerts, Jean-Luc Halloy, Pierre Bartsch, Georges Ca-
simir, Jacques Thiriaux; Czech Republic (n � 226): Petr Po-
hunek, Ondàej Rybnı́ćek, Olga Śkopková, Ludmila Pavelková,
Pavel Broź, Eva Ohnutková, Bronislava Novotná, Jiàı́ Bal	y, Irena
Krćmová, Zuzana Kuralová, Tomáœ Koı́, Helena Honomichlová,
Viktor Kaœák, Petr Panzner, Vladimı́r Vondra, Jaroslava Ném-
eková, Ester Seberová, Tomáœ S	ykora, Vı́t Petrù, Jarmila Tur-
zı́ková; Denmark (n � 97): Torben Sörensen, Steen Neldam,
Jörgen Peter Jensenius Kludt, Ulrik Bo Hansen, Thorkild Knud-
sen, Paul Jörgen Schultz, Dan Rost, Flemming Jensen; Finland
(n � 218): Vuokko Kinnula, Pekka Saarelainen, Mirja Eho-
Remes, Erkka Valovirta, Kari K.K. Venho, Eeva Kokko, Markku
Järvinen, Tuula Toljamo, Antti Taivainen, Tuomo Kava, Jaakko
Herrala, Anna-Leena Kuusela, Pertti Nordgren, Pirkko Syvänen;
France (n � 121): Philippe Godard, Patrick Rufin, Michel Anton,
Jean-Pierre Aubert, Martine Grosclaude, Christian Brambilla,
Patrick Archaud, Jean-Lousi Racineux, Jean-Francois Muir, Marc
Albertini, Pascal Le Roux, Alain Simmons; Germany (n � 342):
Brigitte Bartuschka, Andrea von Berg, Volker Bergmann, Jo-
hannes Berns, Adelheid Bisping-Arnold, Hans-Christian Blum, G
Garanin, Oswald-Jörg Brückner, Peter Burbach, H Sudhoff,
Michael Feldmann, Tibor Schmoller, Hans-Werner Wozny,
Reiner Galaske, Michael Huptas, Johannes Kaecke, Volker
Köcher, Marianne Laule-Peschel, Eckart Lohr, Johanna Gold-
berg, Torsten Drescher, Wolfgang Reeh, Uta Rabe, Lothar Rehn,
Norbert-Klemens Scheffler, Karl-Otto Steinmetz, Peter-Michael
Stutz, Hans-Henning Weber, Claus Uhde, Rolf Ullner, Harald
Vehar, Jansminka Zarkovic, Ernst-Ulrich Krohn; Hungary
(n � 226): Marta Orosz, Agnes Devai, Gabor Uhereczky, Katalin
Rajkay, Ferenc Gönczi, Erzsebet Györi, Gergely Dobra, Katalin
Puha, Zsuzsanna Sztancsik, Katalin Gömöri, Tamas Dolinay,
Istvan Bittera, Szvetlana Palinkasi, Zsuzsanna Cseke, Marta
Bisits; Norway (n � 128): Ditlef Bjämer, Jan Ivar Holme, Arnulf
Langhammer, Kristin Hunstad, Jens Harald Holmboe, Erik
Grangård, Dag Asting Solberg, Thor Arne Grönneröd, May-Britt
Salkowitsch, Knut Öymar, Knut Iversen; Poland (n � 311): An-
drzej Szczeklik, Sabina Chyrek-Borowska, Grzegorz Mincewicz,
Teresa Malaczynska, Tadeusz Latos, Krystyna Obtulowicz, Andr-
zej Emeryk, Pawel Gorski, Dariusz Nowak, Miroslaw Szmidt,
Jerzy Alkiewicz, Grzegorz Ziolo, Leonard Spychalski, Danuta
Chmielewska-Szewczyk, Krystyna Nowacka, Michal Pirozynski,
Halina Prokurat, Andrzej Boznanski, Jozef Malolepszy, Edmund
Rogala, Jerzy Kozielski; Sweden (n � 120): Ulf L. Eriksson,
Halina Wahlestedt, Mia Selberg, Ronny Larsson, Karin Rignér,
Bernt Alm, Mikael Aronsson, Inger Winnergård, Mats Lagerwall,
Ulla Martinsons, Lucy Berlin, Barbro Rydberg; United Kingdom
(n � 39): David Weston, M.E. Johnson, Colin Barrett.

Southern Europe: Greece (n � 280): Nikolaos Siafakas, Evan-

gelia Mantzourani, Dora Orphanidou, Gerorgios Trakopoulos,
Spiridon Tzannes, Vasiliki Kotsovoulou, Maria Dimadi, Anastasia
Amfilochiou, Konstantinos Priftis, Fotini Papageorgiou-Saxoni,
Pandora Christaki, Ioannis Tsanakas, Margari Paraskevi,
Stavroula Bousmoukilia, Kostas Spiropoulos, Michael Anthrako-
poulos, Christina Roussos; Israel (n � 291): Lea Bentur-Alkouby,
Dov Heimer, Asher Tal, Israel Horowitz, Ruth Soferman, Yitzhak
Katz, David Stav (Struhar), Zeev Weiler, Haim Bibi, Menachem
Rottem, Avigdor Mandelberg, Carmi Geller, Hector Roizin,
Daniel Weiler-Ravell, Mordechai Reuben Kramer, Yehuda
Schwartz; Italy (n � 129): Andrea Rossi, Antonio Foresi, Carlo
Giuntini, Alberto Bisetti, Sergio Scoditti, Carmelindo Tranfa,
Franco Zacchello, Marcello Giovannini, Attilio Boner, Maurizio
Miraglia del Giudice, Leonardo M. Fabbri, Giuseppe Girbino,
Giovanni Barberio, Emanuele Cacciari; Malta (n � 12): Stephen
Montefort, Raymond Parascandalo; Portugal (n � 234): Rui Pato,
Maria de Lourdes Chieira, Celso Moreira, D. Santos Chieira,
Ulisses Brito, Fernando Drummond Borges, Ana Carvalho
Marques, Maria Manuel Figueiredo, Felicidade Dias, Antonio
Bugalho de Almeida, Jose Cesar-Ramos, Maria Joao Valente, Jose
Dias Pereira, Carlos Nunes, Maria Felicia Riberio, Agostinho
Marques, Mario Queiros Rebelo Carvalho, Marianela Vaz de
Azevedo, Antonio Ramalho de Almeida, Jose Augusto Figueiredo
Pinto, Maria De Fatima Moia Praca Matos, Abel Afonso, Jose
Manuel Lopes Dos Santos; Spain (n � 291): Carlos Villasante
Fernandez, Isabel Cienfuegos Agustin, Jose Maria Lobos Be-
jarano, Alejandro Abon Santos, Eulalia Torrellas Font, Enric
Hernandez Huet, Teresa Lopez Lorente, Montserrat Mas Pujol,
Aser Pena Munoz, Pere Simonet Aineto, Santiago Bardagi Forns,
Jaume Benavent I. Areu, Pere Casan, Jose Maria Ignacio Garcia,
Aurelio Valencia Rodriguez, Pedro A. Sanchez Segura, Rosa
Sánchez Gil, Concha Pellicer Ciscar, Javier Ferraro Garcia,
Tomas Vegas Jimenez, Jose Ignacio Sanchez Gonzalez, Fernando
Quirce Andres, Tomas Amoros Bueno, Consuelo Onrubia Bati-
con, Cesar Ruiz Miguel, Fernando Duce Garcia, Hector Verea
Hernando, Antolin Lopez Vina, Rafael Alonso Matia, Adalberto
Serrano Cumplido, Maria Camino Martinez Andueza, Montser-
rat Serradell Cabra, Pedro L. Cabrera Navarro, Felisa Alvarez
Rodriguez.

North America: Canada (n � 114): John H. S. Li, Daniel
Landry, Dennis O’Keefe, Bhanu F. Muram, Howard S. Conter,
Douglas Tweel, Sharon D. Peters; United States (n � 895):
Jeffrey Adelglass, James W. Baker, Wiliam E. Berger, David I.
Bernstein, Kathryn Vick Blake, Pamela Amelong, Thomas B.
Casale, B. Lauren Charous, Paul Chervinsky, John J. Condemi,
David Cook, Peter S. Creticos, Arthur C. de Graff Jr, Thomas
Smith, Mark Howard Ellis, Jay Grossman, Philip C. Halverson,
Stanley Galant, Helen Hollingsworth, Charles Jackson, Robert L.
Jacobs, Michael Welch, Michael J. Kraemer, Jeffrey Leflein,
Robert F. Lemanske, Myron I. Liebhaber, Richard Lockey, Bill
Kelly, Louis Mendelson, Anjuli Nayak, David S. Pearlman,
Michael Ruff, Brian Schwartz, Maryanne B. Scott, Gail G.
Shapiro, Howard J. Silk, David P. Skoner, Stuart Stoloff, Kumar
N. Swamy, Fred M. Atkins, Stanley J. Szefler, Mark Vande-
walker, Jeffrey Wald, Steven F. Weinstein, Dennis Anthony
Wong, Frank Wu, Stanley Goldstein, Krishna C. Murthy.

Rest of the World: Argentina (n � 235): Alberto Dolmann,
Ricardo Gene, Juan Carlos Figueroa Casas, Carlos Piovano,
Edgardo Segal, Ana Maria Balanzat, Jorge Taborda, Angel Tru-
ganti, Alejandro Teper; Australia (n � 85): Jason Garrood, Ma-
jorie J. E. Patel, Chris Hogan, Grant Russel; China (n � 869):
Yuan Jue Zhu, Ling Cao, Shi-Ying Liu, Jing-Zhi Miao, Dong-Jie
Ding, Wan-zhen Yao, You-Ning Liu, Ping Chen, Shu-Qing Kong,
Lee Pang, Bin Sun, Zhong Min Li, Guo-Shun Li, Pei Li Chen,
Qing Zhu, Ting-Xi Zhang, Xing-Hai Wang, Songhua Wei,
Wei-Wu Deng, Xin Zhou, Yan Yan Ji, Wen-Tong Luo, Qiang Li,
Hui-Ru Zhu, Jin-Yun Sheng, Jia-Yong Ma, De-Ping Zhang,

1484 Original Research

 at University of Utah on December 27, 2006 www.chestjournal.orgDownloaded from 

http://www.chestjournal.org


Chun-Zhen Ji, Xi-Rong Xia, Zu Yi Zhang, Kai-Sheng Yin, Jiong
Yiang, Yuangui Li, Pei-Wen Tang, Fu-Guang Liu, He-Ping
Wang, Nan-Shan Zhong, Zhong-Sheng Rong, Ying-Chun Tang,
Cai-Yuan Lin, Jiu-Shan Liu, Han-Zhang Liu, Ding-Min Cai,
Jia-Cheng Yang, Qiong-Feng Ma; Indonesia (n � 196): Hadiarto
Mangunnegoro, Caecilia Arimah Wijono, Nancy Hutabarat Tob-
ing, Nastiti N. Rahajoe, Sugito, Eddy Surjanto, Barmawi Hisyam,
Hood Alsagaff, Gunadi Santosa; Korea (n � 88): You-Young Kim,
Choon-Sik Park, Mi-Kyeong Kim, Young-Joo Cho, Dong-Chull
Choi, Young-Koo Jee; Malaysia (n � 109): Jai Mohan, S. Yoge-
swery, Swee Lan Wong, Geok Lan Kuan, Chong Tuan Koh, Ban
Seng Quah, Jessie de Bruyne, C. K. Liam; Mexico (n � 310):
Mayra Mejia Avila, Francisco Cuevas, Nicolas Chavaje, Luz
Audina Mendoza Topete, Isaias Badillo, Miguel Ponce, Javier
Chan Merida, Alicia Gonzalez Espinosa, Jose Mario Ledezma,
Jose Arturo Galindo Garcı́a, Guadalupe Gonzalez Morales, Jaime
Montelongo Gomez, Francisco Javier Mendoza Martinez, Jesus
Enrique Reyes Ramos, Jorge Rodriguez Dorantes, Carlos
Canseco Gonzalez, Javier Gomez Vera, Ricardo Guido Bayardo,
Alvaro Pedroza Melendez, Carlos Baez Loyola, Miguel Angel
Cruz Suárez; Philippines (n � 330): Teresita de Guia, Abundio
Balgos, Noel Bautista, Tomas Realiza, Dina Diaz, Charles Yu,
Jennifer Ann Mendoza-Wi, Rene Juaneza, Roman Bigornia,
Parkash Mansukhani, Danilo Nicolas Cacanindin; Singapore
(n � 76): Lee Bee Wah, Yoon Kam Hon, Ong Yong Yau, Chay
Oh Moh, Wang Yee Tang; South Africa (n � 227): Yvonne D.A.
Dippenaar, Dorelle L. Kirsten, Enrico F. Maraschin, Mervyn S.
Ossip, Sanet S. Visser, Wynand Louw Mouton, Madeleine Mer-
cer, Khalil M. Cassim, Andrew H. Macleod, Eric D. Bateman,
Roy Leaver, Adrian Morison, Haylene Nel, K.H. Eckart von
Delft, Jan H. Vermeulen, Eugene G. Weinberg, Rolf Johan
Lund, Heinrich C. Weber; Taiwan (n � 78): Sow-Hsong Kuo,
Han-Pin Kuo, Jui-Long Wang, Tzuen-Ren Hsiue, Jia-Horng
Wang, Chi-Der Ching; Thailand (n � 233): Mukda Vangveera-
vong, Chaicharn Pothiratana, Muthita Trakultivakorn, Aree
Kongpanichkul, Bhusdee Thamanavat, Ratanaporn Fuangtong,
Somchai Suntornlohanakul, Praparn Youngchaiyud, Jamaree
Teeratakulpisarn, Watchara Boonsawat, Vilaiwan Viriyachaiyo,
Chalerat Direkwattanachai, Nualanong Visitsunthorn.
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