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Background: Persistently low levels of lung function are

associated with subsequent symptoms in patients with asthma

as children.

Objectives: We hypothesized that objective measures of baseline

pulmonary function would be independently associated with

future lung function in the Childhood Asthma Management

Program and that these associations might vary with treatment.

Methods: We evaluated the association of FEV1, airway

responsiveness, and bronchodilator response at randomization

as predictors of longitudinal growth in FEV1 at the 48-month

follow-up visit in the 1041 Childhood Asthma Management

Program participants.

Results: Baseline levels of airway responsiveness and

bronchodilator response were significantly associated with

baseline level of lung function. In multivariate models, higher

bronchodilator response (b 5 0.22; P < .0001), log PC20

(b 5 1.82; P < .0001), and FEV1 (b 5 0.58; P < .0001) at

randomization were each associated with higher levels of

prebronchodilator FEV1, as a percent of predicted, after 4

years. Similar associations were noted for prebronchodilator

forced vital capacity and FEV1/forced vital capacity ratio.

Baseline bronchodilator response was a particularly powerful

predictor of lung function improvements while on inhaled

corticosteroids, whereas airway responsiveness was a better

predictor in subjects not randomized to any controller

medications.

Conclusion: We conclude that baseline bronchodilator

response, airway responsiveness, and level of FEV1 are

independent predictors of subsequent level of FEV1 in

childhood asthma and may have treatment-specific prognostic

significance for persistence of symptoms into early adulthood.

Clinical implications: In asthma, bronchodilator and

bronchoconstrictor responses are independent predictors of

future lung function and should not be used interchangeably;

bronchodilator response may indicate good response to

inhaled corticosteroids. (J Allergy Clin Immunol 2006;117:

1264-71.)
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Asthma is a leading cause of pediatric hospitalizations
and school absences.1 However, the natural history of
childhood asthma and the factors that modify this history
have yet to be defined fully. Although an estimated 30% to
70% of children improve or outgrow their asthma,2-4 a
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Abbreviations used
BD: Bronchodilator response at randomization

CAMP: Childhood Asthma Management Program

FVC: Forced vital capacity

lnPC20: Natural log–transformed PC20

significant proportion of patients with asthma as children
remain symptomatic into adulthood. Low spirometric
flow, as measured by FEV1 persisting from childhood
into early adulthood has consistently been associated
with continued asthma symptoms as adults.4-6 Low
FEV1 also predicts subsequent asthma attacks in children
and adults and relapse of asthma symptoms on withdrawal
of therapy.7-9 FEV1 is endorsed by the National Asthma
Education and Prevention Program as an important means
for grading asthma severity.10 Therefore, determination of
factors influencing longitudinal measures of lung function,
including FEV1, in childhood asthma has clinical and
prognostic significance.

In identifying factors influencing FEV1 over time, sev-
eral objective measures of pulmonary function, including
baseline level of lung function, airway responsiveness,
and bronchodilation, have been independently evalu-
ated.11 In general, levels of FEV1 tend to track over time
with lower basal levels of FEV1 predicting lower FEV1

at subsequent time points.4,12-15 Greater airway hyperres-
ponsiveness, measured by PC20 or similar measure, has
also been consistently associated with subsequent decre-
ments in FEV1.4,16-18 Studies of the relationship of basal
bronchodilator response to subsequent measurements of
FEV1 have produced conflicting results, however, with
some studies associating high bronchodilator response
with relative improvement19,20 and others with subsequent
decrements in FEV1.21 Of concern, because bronchodila-
tor response and airway responsiveness are tightly linked
to baseline FEV1, associations noted with these measures
of airway tone may actually be a proxy for associations
with FEV1. To date, no longitudinal study of childhood
asthma has focused on the simultaneous evaluation of all
3 of these correlated objective measures as predictors of
future lung function.

We hypothesized that baseline bronchodilator response,
airway responsiveness, and level of lung function would
each independently predict improved lung function over
time in patients with asthma as children. We tested this
hypothesis in the subjects participating in the Childhood
Asthma Management Program (CAMP). Incorporating all 3
predictors into the same analytic model allows assessment
of the association of each predictor over and above the other
2, addressing the concern about the correlation of measures
of airway tone with basal level of lung function. Because
there is a paucity of information regarding its association
with subsequent lung function in children, we focused on
bronchodilator response as a predictor of primary interest.
In addition, because biological interactions between b-
agonist (which mediate bronchodilator responsiveness) and

glucocorticoid pathways exist,22,23 we hypothesized that the
association of bronchodilator response with subsequent
lung growth would be enhanced in children taking inhaled
corticosteroids.

METHODS

Study population

The CAMP was a multicenter, randomized, double-blind clini-

cal trial testing the safety and efficacy of inhaled budesonide or

nedocromil each versus placebo over a period of a mean 4.3 years.

Trial design, methodology, and primary clinical outcome results

have been published.24,25 Each patient’s parent or guardian signed a

consent statement, with each child providing assent. Institutional

Review Board approval was obtained for all participating CAMP cen-

ters and the data coordinating center. Entry criteria included asthma

symptoms and/or medication use for �6 months in the previous

year and airway responsiveness with a PC20 � 12.5 mg/mL to meth-

acholine. A 6-week screening period that included therapy with only

as-needed albuterol preceded randomization. The children had mild-

to-moderate asthma, as defined by the presence of symptoms or use of

an inhaled bronchodilator as least twice weekly or by the use of daily

medication for asthma.25 Visits with spirometry occurred at random-

ization, 2 and 4 months after randomization, and every 4 months

thereafter. Methacholine studies were performed during the screening

period, at 8 months, then yearly. Bronchodilator response to albuterol

was assessed at randomization and all subsequent visits in which

methacholine was not administered. Adherence to therapy was mea-

sured biweekly via use of diary cards.24,25

Pulmonary function testing

Spirometry and methacholine testing were performed at least

4 hours after use of short-acting bronchodilators and 24 hours after

use of long-acting bronchodilators.24 At least 3 maneuvers meeting

American Thoracic Society standards were required, with at least 2 re-

producible (FEV1 and forced vital capacity [FVC] within 5% of best)

maneuvers required for each test. Equations used to predict average

values of lung function measures for age, sex, and height were race-

corrected.26,27 Postbronchodilator values were obtained at least 15

minutes after administration of 2 puffs of albuterol (90 mg/puff).

Airway responsiveness was performed by standardized procedures.24

Measures

The primary outcome was prebronchodilator FEV1 as a percent

predicted (FEV1%). Other outcomes included prebronchodilator

FVC as a percent of predicted and FEV1/FVC ratio. In contrast

with the primary clinical trial,25 we focused on prebronchodilator

measurements, because these measurements have been the standard

for other natural history4,12-15 and clinical trial28,29 studies of asthma

in children. Each was measured as an absolute value at the 4-year

follow-up visit (primary analytic outcome) and as a percent change

from baseline.

Our predictors included bronchodilator response (BD) and

prebronchodilator FEV1% at randomization, as well as PC20 values

obtained during screening. BD was calculated by using raw values

of FEV1 via the following equation:

BD 5 100 � ðpostbronchodilator FEV12 prebronchodilator FEV1Þ
=prebronchodilator FEV1

PC20 values were natural log–transformed (lnPC20). The specific

baseline lung function measure used (ie, FEV1, FVC, or FEV1/FVC)

in a given analysis corresponded to the comparable 4-year outcomes.
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