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Background: Daily controller medication use is recommended for children with persistent asthma to achieve asthma control.

Objective: To examine patterns of inhaled corticosteroid (ICS) use and asthma control in an observational study of children
and adolescents with mild-to-moderate asthma (the Childhood Asthma Management Program Continuation Study).

Methods: We assessed patterns of ICS use during a 12-month period (consistent, intermittent, and none) and asthma control
(well controlled vs poorly controlled). Multivariate logistic regression examined the association between pattern of ICS use and
asthma control.

Results: Of 914 patients enrolled, 425 were recommended to continue receiving ICS therapy in the Childhood Asthma
Management Program Continuation Study. Of these patients, 46% reported consistent ICS use and 20% reported no ICS use
during year 1. By year 4, consistent ICS use decreased to 20%, whereas no ICS use increased to 57%; poorly controlled asthma
was reported in 18% of encounters. In multivariate models controlling for age, sex, forced expiratory volume in 1 second, and
asthma severity assessment, patients reporting consistent ICS use during a 12-month period were more likely to report poor
asthma control (odds ratio, 1.6; 95% confidence interval, 1.2-2.1) compared with those reporting no ICS use.

Conclusions: In this observational study of children and adolescents with mild-to-moderate asthma, most did not report
continued use of ICS. Patients recommended to continue receiving ICS therapy and reporting consistent ICS use were less likely
to report well-controlled asthma even after controlling for markers of asthma severity. Although residual confounding by severity
cannot be ruled out, many children and adolescents may not achieve well-controlled asthma despite consistent use of ICS.

INTRODUCTION
Inhaled corticosteroids (ICSs) are recommended as first-line
controller therapy for children and adolescents with persistent
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asthma.! Consistent ICS use has been shown to improve
asthma symptoms and lessen the frequency of asthma-related
emergency department visits and hospitalizations.? In con-
trast, underuse of ICSs has been associated with worse
asthma outcomes.? Intermittent use of ICSs and other asthma
controller medications by patients is common, often because
of patient or caregiver nonadherence to physician recommen-
dations. However, in some situations, health care providers
may be recommending intermittent controller medication use,
particularly in children with milder disease or in children who
have seasonally variable asthma.* Indeed, the recent revisions
of the National Heart, Lung, and Blood Institute asthma
guidelines state that daily treatment only during specific
periods of risk may be considered for some children.!

Whether intermittent asthma controller medication use
leads to differential health outcomes compared with consis-
tent use is unclear. A randomized trial® of intermittent ICS
use in adults with mild-to-persistent asthma showed that peak
expiratory flow can be maintained successfully with intermit-
tent symptom-based courses of ICS, yet other outcomes (eg,
symptom days) are not well controlled. A similar study in
children has not yet been completed. In young children with
recurrent wheeze, one study® of intermittent ICS therapy
showed no effect on disease progression and no short-term
benefit during episodes of wheezing.
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Asthma treatment guidelines also recommend the system-
atic monitoring of asthma control in children to guide appro-
priate asthma therapy.” Asthma control, which reflects the
current symptom status of a child with asthma regardless of
underlying disease severity, can be evaluated via several
validated questionnaires, including the Asthma Control Test,
the Asthma Therapy Evaluation Questionnaire, and the
Asthma Control Questionnaire.3~'! Multiple studies®!?-!> have
shown that poor asthma control is associated with increased
asthma-related hospitalizations and health care use. However,
the relationship between patterns of asthma controller medi-
cation use, particularly intermittent controller medication use,
and asthma control in children remains unclear.

We examined asthma controller medication use patterns
within a cohort of children and adolescents with mild-to-
moderate asthma who were enrolled in the Childhood Asthma
Management Program Continuation Study (CAMPCS), an
observational follow-up study to the original CAMP trial. We
sought to determine the frequency of different patterns of
asthma controller medication use and asthma control over
time. We hypothesized that the pattern of asthma controller
medication use, particularly consistent use, would be associated
with improved patient-reported asthma control over time.

METHODS

Periods of Study
CAMP was a 5-year, randomized, placebo-controlled trial of
the safety and efficacy of 2 inhaled anti-inflammatory ther-
apies for children with mild-to-moderate asthma. Character-
istics of the patients, results of the trial, and treatment effects
have been published previously.>!® At the completion of the
clinical trial, participants were invited to enroll in CAMPCS,
a 4.5-year, observational, follow-up study (1999-2004) to
determine the effects of long-term treatment early in child-
hood on asthma outcomes and physical growth and develop-
ment. All procedures for the observational study were re-
viewed by local institutional review boards, and written
informed consent or assent was obtained from participants at
enrollment. Of 1041 participants, 941 (90.4%) re-enrolled in
CAMPCS. During the transition phase from CAMP to
CAMPCS, study medication was withdrawn and children and
adolescents were monitored for lung function, airway hyper-
responsiveness, growth, and asthma control. At the end of the
medication washout, care for asthma was transferred to the
physician who cared for the child before enrollment in
CAMP. The CAMP staff provided the family and the treating
physician with a summary of the child’s clinical course and
treatment during CAMP, as well as recommendations for
continued asthma care, including a recommendation on
whether the child should continue to receive ICS therapy. For
this analysis, we stratified patients into 2 groups based on
whether a treatment recommendation for ICS was made by a
CAMP clinician at the end of the CAMP clinical trial.
During CAMPCS, patients had in-person clinical visits at
6-month intervals, with telephone contacts between the

6-months visits (ie, there was a patient encounter every 3
months). Spirometry was performed at each clinical visit to
calculate forced expiratory volume in 1 second (FEV)),
forced vital capacity (FVC), and the FEV /FVC ratio. Height
and weight were evaluated at each study visit. Information on
environmental exposures (self-report by interview) was col-
lected annually. Allergy skin testing was performed 96
months after CAMP randomization, and serum IgE and blood
eosinophil levels were measured 84 and 108 months after
CAMP randomization. Data, including information on
asthma symptoms and asthma medication use in the past 7
days, were collected at each contact.

Timing of Data Presented

For this analysis, the follow-up time during CAMPCS was
divided into study years, broken down into four 12-month
periods. During this period, each patient could have had up to
16 clinical encounters, with evaluation of his or her current
asthma medication use and questions directed at the level of
asthma control occurring at each in-person or telephone en-
counter. We excluded 27 patients who had not completed at
least 1 full 12-month period, resulting in 914 children and
adolescents for analysis.

Outcome Measures

The primary outcome measure for this analysis was asthma
control. Asthma control has recently been operationalized via
validated questionnaires, such as the Asthma Control Test,
the Asthma Therapy Evaluation Questionnaire, or the Asthma
Control Questionnaire.>*!" Because these questionnaires
were developed subsequent to the initiation of data collection
in CAMPCS, we created a similar metric of asthma control
based on 3 structured questions asked at each patient encoun-
ter. These questions evaluated the reported rates of nighttime
awakenings, activity limitations, and use of (-agonists in the
7 days before the interview. The same 3 questions were asked
during both in-person and telephone encounters. Asthma was
considered not well controlled if a participant reported 1 or
more nocturnal awakenings, 3 or more days with activity
limitations, or 3 or more days with use of (3-agonists during
the preceding 7 days.

The primary predictor of interest was the reported pattern
of ICS use during 12 months of continuous observation
spanning 5 consecutive CAMPCS clinical encounters. Pat-
terns of ICS use were classified as consistent (4 of 4 clinical
encounters), variable (2-3 of 4 clinical encounters), intermit-
tent (1 of 4 clinical encounters), or none (0 of 4 clinical
encounters).

Statistical Analysis

Multivariate logistic regression analyses, using generalized
estimating equations to control for the correlation between
repeated measurements among individuals, were used to
model the odds of not well-controlled asthma. The reported
pattern of ICS use of more than 4 encounters was the primary
independent variable, with level of asthma control (well con-
trolled vs not well controlled) as the dependent variable. Only
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Table 1. Patient Demographics at the Initiation of the CAMP

Posttrial Observation Period®

ICS therapy
Characteristic Recommended Not
(n=425) recommended
(n=489)

Age, y° 13.5(2.3) 13.7(2.2)
Race

Black 62 (14.6) 64 (13.1)

Hispanic 36 (8.5) 47 (9.6)

Other 35(8.2) 37 (7.6)

White 292 (68.7) 341 (69.7)
Sex

Male 276 (64.9)° 277 (56.6)

Female 149 (35.1) 212 (43.4)
Pulmonary function test

results®

FEV,, % predicted 92 (13)° 99 (13)

FVC, % predicted 105 (13) 107 (12)

FEV,/FVC ratio 76 (9)° 81(8)

Serum IgE level, U/mL¢

634°

1
No. of positive allergy skin 4 3
test results?
Asthma status rated at
CAMPCS transition®
In remission (mild)
Moderate to severe

217 (51.1)° 414 (84.7)
190 (44.7) 32 (6.5)

Abbreviations: CAMP, Childhood Asthma Management Program;
CAMPCS, CAMP Continuation Study; FEV,, forced expiratory volume
in 1 second; FVC, forced vital capacity; ICS, inhaled corticosteroid.
a Data are given as number (percentage) of each group unless other-
wise indicated.

® Data are given as mean (SD).

¢ P < .05 using the x? test for categorical variables and the t test for
continuous variables.

d Data are given as the median.

¢ Percentages do not total 100 because 61 children did not have data
available on the reclassification of severity at the time of the transition.

encounters with complete data for 4 preceding encounters
were included in the analysis. The models were adjusted for
demographic and disease severity markers, including FEV,
(percent predicted prebronchodilator) within 15 months of the
outcome period, clinician-rated asthma severity during the
final CAMP washout visit, age, and sex. All analyses were
performed using SAS statistical software, version 9.1 (SAS
Institute, Chicago, Illinois).

RESULTS

During the CAMPCS transition encounter, 425 (46.5%) of
the 914 children and adolescents received a recommendation
to continue ICS therapy for asthma treatment. Children who
received a recommendation to use ICSs were more likely to
be rated with moderate-to-severe asthma; were more likely to
have a lower baseline FEV,, a lower FEV,/FVC ratio, and a
higher mean serum IgE level; and exhibited more airway
responsiveness (mean In PC,,, 0.7 vs 1.6) (Table 1). Also,

more boys (65% vs 43%) received an ICS recommendation.
There was no difference in age or race/ethnicity based on the
transition visit treatment recommendation.

Asthma controller medication use reported in the entire
cohort during the first 4 years of follow-up is shown in Figure
1. During year 1, 406 (44.0%) of 922 participants reported
any asthma controller medication use. Also, 43% reported
using ICSs during at least 1 of their encounters during the
year; 28% reported only ICS use during that year, and 15%
reported ICS use along with an additional asthma controller
medication, such as a leukotriene receptor antagonist (LTRA)
(7%) or a long-acting (3-agonist (11%). During year 4, the
number reporting controller medication use had decreased to
31%, with the number reporting ICS use decreasing to 24%.
During the observation period, the reported use of LTRA
monotherapy increased from 2% in year 1 to 6% in year 4.

Inhaled corticosteroid use was very uncommon among
children who did not receive a recommendation to take an
ICS; only 9% reported any ICS use during the first year of
follow-up. Thus, our analysis focused on patterns of ICS use
among the 425 participants who received a recommendation
to continue receiving ICS therapy. During the first year of
follow-up, 46% of these participants reported consistent ICS
use, defined as reporting ICS use at all 4 encounters during
the year, and 20% reported not using ICSs during any en-
counter (Fig 2). During year 1, children reporting consistent
ICS use were more likely to be female (42% vs 31%), were
more likely to have been rated as having moderate-to-severe
asthma (57% vs 23%), and had a higher median serum IgE
level (760 vs 529 U/mL) than those reporting no ICS use
(P < .05). There were no significant differences in the age,
FEV,, FEV ,/FVC ratio, or median number of positive allergy
skin test results among the ICS pattern groups in year 1 of

Asthma Controller Medication Among Participants
in the CAMP Post-Trial Observation Period (n=914)

80% MNone MICSOnly @ICS+LABA OICS+LTRA BICSLABALTRA BELABAcnly OLTRAonly

% Reporting Use During at Least One Encounter

1 2 3 4
‘Year of CAMP Post-Trial Observation Period

Figure 1. Asthma controller medication use reported in the Childhood
Asthma Management Program posttrial observation period. The bars repre-
sent the percentage of participants (N = 914) who reported using any of 3
classes of asthma controller medication, either alone or in any combination
during at least 1 of the 4 encounters during each follow-up year. ICS
indicates inhaled corticosteroid; LABA, long-acting B-agonist; LTRA, leu-
kotriene receptor antagonist.

32

ANNALS OF ALLERGY, ASTHMA & IMMUNOLOGY



Pattern of ICS Use Rep: among ICS Patients (n=425)

WNo ICS O Intermittent ICS

Variable ICS OConsistent ICS

1 2 3 4
Year of CAMP Post-Trial Observation Period

Figure 2. Patterns of inhaled corticosteroid (ICS) use among ICS-
recommended participants in the Childhood Asthma Management Pro-
gram posttrial observation period. The bars represent the patterns of ICS
use reported by the ICS-recommended participants (n = 425). Each bar
represents a distinct pattern of ICS use: none (0 of 4 encounters),
intermittent (1 of 4 encounters), variable (2-3 of 4 encounters), or
consistent (4 of 4 encounters).

follow-up. Within the ICS-recommended group over time,
only 36 (8.5%) of 425 participants reported ICS use during all
8 clinic visits and all 8 interim telephone contacts during the
4-year observation period. During the 4 years of follow-up,
the number of children reporting consistent ICS use de-
creased to 20% and the number reporting no ICS use in-
creased to 57% (Fig 2).

Among the ICS-recommended group, there were 5,456
clinical encounters in which asthma control was evaluated.
Asthma control at these encounters was the primary outcome
in our multivariable model. Asthma that was not well con-
trolled was reported during 1,002 (18.4%) of these encoun-
ters. Patients with asthma that was evaluated as moderate to
severe were significantly more likely to report not well-
controlled asthma compared with patients with asthma that
was evaluated as mild (Table 2). In unadjusted analyses
(Table 2), age, female sex, and having moderate-to-severe
asthma were significantly associated with reporting not well-
controlled asthma. Pulmonary function, as measured by
FEV,, was not associated with the level of reported asthma
control. The pattern of ICS use (intermittent, variable, or
consistent) was significantly associated with not well-con-
trolled asthma. In a multivariate generalized mixed regression
model adjusting for clinician-rated asthma severity, age, sex,
and pulmonary function, reporting either variable or consis-
tent ICS use remained significantly associated with higher
odds of reporting not well-controlled asthma (Table 2). The
results did not change when different measures of pulmonary
function (FEV,/FVC ratio or bronchial responsiveness as
measured by PC,,) were included separately or in combina-
tion in the models (data not shown).

Table 2. Unadjusted Analyses of Poor Asthma Control During the
CAMPCS Encounters®

Odds ratio
Predictor (95% confidence interval)
Unadjusted Adjusted®
ICS use pattern
None Referent Referent
Intermittent 1.5(1.1-2.0) 1.4 (1.0-1.9)
Variable 1.9(1.6-2.9) 1.8 (1.4-2.4)
Consistent 1.6 (1.3-2.5) 1.6 (1.2-2.1)
Asthma severity
Mild Referent Referent
Moderate to severe 2.4(1.8-3.2) 2.0(1.8-2.4)
Female sex 1.8 (1.3-2.4) 1.7 (1.5-2.0)
Age 1.1(1.0-1.2) 1.1(1.0-1.1)
FEV,© 1.0 (1.0-1.0) 1.0 (1.0-1.0)

Abbreviations: CAMPCS, Childhood Asthma Management Program
Continuation Study; FEV,, forced expiratory volume in 1 second; ICS,
inhaled corticosteroid.

2 Poor asthma control is defined as reporting 1 or more nocturnal
awakenings, 3 or more days with activity limitations, or 3 or more days
with use of B-agonists during the preceding 7 days.

® Model adjusted for FEV,, age, sex, and asthma severity.

¢ Pulmonary function data were obtained from the closest preceding
encounter 3 to 15 months before the outcome encounter.

DISCUSSION

Our analysis has characterized asthma controller medication
use over time among children and adolescents with asthma
enrolled in CAMPCS. We found that most participants re-
ported well-controlled asthma symptoms and that no asthma
controller medication was used during a 4-year observational
period. Inhaled corticosteroid use continued to decrease dur-
ing the study period and was not countered by a significant
increased use of alternate asthma controller medications, such
as LTRA. Among a subgroup of participants who were rec-
ommended to continue receiving ICS therapy at the outset of
the observational period, reported rates of ICS use were
higher but also diminished over time.

Our results illustrate trends in asthma medication use over
time in a large cohort of participants with mild-to-moderate
asthma. We observed a decline in the proportion of patients
using ICS over time, with many patients reporting no use of
an asthma controller medication during the 4-year observa-
tional period. Such a trend is not entirely surprising, because
the cohort was mainly composed of adolescent patients. One
explanation may be the natural history of asthma, demon-
strated in previous epidemiologic studies, which has shown
remission in asthma symptoms over time'’-'%; only a few
children who report minimal symptoms during adolescence
continue to have symptoms into adulthood.?**' Even among
patients without true remission, symptoms may improve over
time. Patients and health care providers likely make decisions
about asthma controller medication use based on their current
symptoms. In the setting of well-controlled asthma, they
choose to discontinue controller therapy. This is illustrated by
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the subgroup recommended to continue ICS therapy at the
outset of the CAMPCS follow-up period. Among this sub-
group, rates of reported ICS use decreased over time and
because these participants reported well-controlled asthma
symptoms during most of the clinical encounters, we can
speculate that they or their treating clinicians made the deci-
sion to discontinue use of controller therapy. Such decisions
are consistent with asthma treatment guidelines; a step-down
approach to therapy is recommended for patients whose
asthma symptoms are well controlled.'

In our analysis of asthma control over time, we found that
female sex and clinician-evaluated asthma severity were in-
dependently associated with not well-controlled asthma. Such
sex differences in asthma outcomes have been seen in other
studies, with adolescent girls demonstrating worse asthma
outcomes.?>>* Airway responsiveness is more severe in post-
pubertal females with asthma than in males® and may con-
tribute to increased asthma severity, increased episodes of
poor control, and asthma medication use. An association
between level of control and asthma severity is not surprising
and has also been reported.*?’ In contrast, our findings
revealed that participant age was unrelated to poor asthma
control. Finally, contrary to our initial hypothesis that con-
sistent ICS use would be associated with well-controlled
asthma, participants who reported consistent ICS use were
more likely to report not well-controlled asthma over time.
This suggests that there are individuals who report not well-
controlled asthma despite seemingly appropriate therapy.

In the multivariate analysis, we controlled for several ac-
cepted markers of asthma severity, including pulmonary
function and clinician-rated severity evaluation, yet the asso-
ciation of increased medication use and not well-controlled
asthma persisted. This may be the result of residual con-
founding by asthma severity, and the reported use of asthma
medications would thus be interpreted as an additional
marker of asthma disease severity.

However, other explanations should be considered, includ-
ing patient nonadherence or other potential patient comor-
bidities. Depression has been shown to affect both asthma
severity and control,® and self-report of medication adher-
ence tends to result in overestimating the patient’s adherence.
Patients or their parents often try to please their physicians by
reporting what they think their physician wants to hear. This
is supported by evidence from clinical trials that the mean
number of doses taken, as recorded in diaries, is significantly
higher than the number actually taken, as recorded by the
monitoring devices, and most patients overestimate use of
medication.?* In a 6-month ancillary study?! focusing on
adherence among the CAMP posttrial observation cohort,
monthly telephone encounters were conducted by nurses who
had no prior relationship and no subsequent contact with the
participants. In this study, low ICS adherence was associated
with more frequent asthma symptoms. However, our data did
not include other measures of medication adherence, and
participants who were reporting consistent ICS use and poor

control during their encounters may have been poorly adher-
ent despite reporting taking ICS as prescribed.

An alternative explanation for our findings may be an
inherent variability in response to asthma therapy, particu-
larly the existence of relative steroid resistance. Variability in
response to ICS has been demonstrated in other studies,’>*
and high rates of uncontrolled asthma have been identified in
other populations in the setting of standard asthma medica-
tion use.*** In the current analysis, we have identified a
subgroup of children and adolescents who did not achieve
asthma control despite seemingly appropriate therapy. This
subgroup may have relative steroid resistance, possibly as the
result of genetic factors such as steroid receptor polymor-
phisms.*¢—3% A recent analysis of clinical data from the CAMP
trial has examined a cohort with persistently poor response to
ICSs, as defined by lung function response and exacerba-
tions.*® Our current study supports the concept of steroid
resistance, not just in the clinical trial setting but longitudi-
nally in cohorts as well. In fact, given that many children with
asthma improve their asthma control to the level that they are
either asymptomatic or need only intermittent reliever ther-
apy, our findings illustrate the natural history of a subgroup
of asthmatic patients who may be predisposed to steroid
resistance. Future work is needed to better characterize such
individuals who do not achieve asthma control despite ICS or
other appropriate controller therapy.

Our analysis has several limitations. Because CAMPCS is
an observational study, and not a randomized trial of differing
strategies for ICS use, the determinants of the different pat-
terns of ICS use among patients are unclear. We did not have
access to data on whether asthma medication was being
prescribed by each participant’s physician. We also did not
have data on ICS dose regimens; therefore, it is possible that
some participants were not receiving sufficient ICS doses to
achieve asthma control.

In conclusion, we found low reported use of ICS and other
asthma controller medications during the 4-year observa-
tional period of children and adolescents with mild-to-mod-
erate asthma in the CAMP posttrial observation period, even
among participants who received a recommendation to con-
tinue receiving ICS therapy at the end of the CAMP trial. In
general, these children continued to have well-controlled
asthma, suggesting that patients and clinicians are stepping
down therapy in an appropriate manner based on current
symptoms. However, we also identified a subgroup of chil-
dren and adolescents who are not achieving well-controlled
asthma despite reporting consistent use of ICSs. Medication
nonadherence or the coexistence of asthma-related comor-
bidities may explain these findings and should be investigated
in children and adolescents with difficult to control asthma.
However, further study of the role of relative steroid resis-
tance and its impact on the management of patients may help
to better understand the relationship between medication use
and asthma control.
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