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Abstract
Objective—To establish the relationship between adherence and symptom control in adolescents
and young adults with asthma.

Design—This was a telephone-interview study conducted as an ancillary project to the Childhood
Asthma Management Program Continuation Study (CAMPCS).

Setting—The six monthly interviews were conducted from a single calling center in Denver,
Colorado.

Participants—Included were 756 adolescent and young adult participants in CAMPCS, who upon
entry into the original study were diagnosed to have mild to moderate asthma.

Outcome measures—Participants were queried about medication use and symptom control
within each one-month interview window. Strategies adopted to improve self-report accuracy
included use of repeat interviews, confidential reporting to staff unknown to the participants, and use
of questions focused on recent behavior.

Results—Only participants who were consistently on or off ICS medication for the entire six-month
study interval were included. Three groups of patients were contrasted: those not on ICS medication
(n=420), those on ICS with High Adherence (at least 75% of medication taken, n=90), and those on
ICS with Low/Medium adherence (less than 75% taken, n=148). Participants in the Low/Medium
adherence group reported on average less symptom control and more variability in wheezing,
awakening at night, missed activities, and beta2 agonist use over the 6-month period, although most
in this group perceived their asthma to be under good control.

Conclusion—Despite extensive patient education and support, diminished ICS adherence was
frequent and undermined symptom control in this group of adolescents and young adults with mild
to moderate asthma.
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Introduction
For patients with persistent asthma, all evidence-based guidelines direct that controller
medications be used daily in order to control underlying inflammation. However, many patients
will not reliably take daily controller medications over extended periods of time1, 2, 3, 4, 5 and
typically use less than half the amount of medication prescribed.6, 7, 2 Patients have consistently
indicated their desire to adjust medication level to their symptoms and cease medication use
during asymptomatic periods.8 While treatment plans that limit the use of inhaled
corticosteroids to periods of symptom exacerbation fall outside most asthma treatment
guidelines, recent investigations have begun to examine the efficacy of symptom-based,
patient-determined use of controller medication.9, 10

Clinical information about symptoms and information on asthma self-management must
necessarily be obtained from the patient. However, the circumstance under which patients are
queried may greatly influence the accuracy of patient-reported information. The accuracy of
information declines rapidly when patients are asked to recall symptoms over long time
intervals. 11, 12 Therefore, repeated surveys of recent events, or brief interval reporting, can
provide increased accuracy.13 Using brief interval reporting through telephone interviews, this
study surveyed adolescents and young adults about their level of adherence to asthma
medications and associated symptom control.

METHODS
This study included a series of six monthly telephone interviews with adolescent and young
adult participants in the second phase of the Childhood Asthma Management Program
(CAMP). CAMP was a multicenter clinical trial initiated and sponsored by the National Heart,
Lung, and Blood Institute to assess the long-term effects of asthma treatment on lung growth
in children in eight North American cities (Albuquerque, Baltimore, Boston, Denver, St. Louis,
San Diego, Seattle, and Toronto). Participants were randomized to one of three treatment
conditions: (1) budesonide (an inhaled corticosteroid); (2) nedocromil (an inhaled, nonsteroid
anti-inflammatory); or (3) as-needed beta-agonist without anti-inflammatory treatment. The
CAMP Continuation Study (CAMPCS) followed CAMP as a 4.5-year observational study that
continued to document disease progress. In the CAMPCS protocol, participants were
interviewed twice by telephone and attended two study visits each year. Decisions about type
and dose of medication were made by the child’s personal physician. This report includes
information obtained through an ancillary study conducted during CAMPCS.

CAMP Subjects
Participants in CAMP met the criteria of mild to moderate asthma if, during 6 of the 12 months
preceding trial entry, they (1) had asthma symptoms at least twice per week, (2) used an inhaled
bronchodilator at least two times per week, and/or (3) used daily asthma medication.
Participants were excluded if they had an FEV1 less than 65% predicted or an FEV1 PC20 to
methacholine of greater than 12.5 mg/ml; had an intubation at any time in the past due to
asthma; or had in the year prior to screening two or more hospitalizations or more than five
oral steroid bursts. Between December 1993 and September 1995, a total of 1,041 children
aged 5 to 12 (mean±SD = 8.9 ± 2.1 years, median = 8.9 years) were enrolled into the CAMP
trial. Of these participants, 40.3% were female and 31.7% were racial or ethnic minority.
Asthma severity, as assessed by a physician or nurse coordinator, was mild in 47.7% (n=494)
and moderate in 52.3% (n=541) of participants. A patient asthma education program was
standardized across all eight CAMP sites and presented in three sessions of approximately one
hour each that included handouts, handbooks, and videos that addressed disease characteristics,
peak flow monitoring, medications triggers, and asthma action plans.14 Of the 1041 original
CAMP participants, 941 were enrolled in CAMPCS.
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Interview study participants
Institutional Review Board approval for this ancillary telephone-interview study was obtained
at each of the eight study sites, and informed consent was obtained from 756 participants to
participate in the interviews.

Brief-interval telephone interview procedures
A series of six monthly telephone calls were made to each patient from the calling center located
at National Jewish Medical and Research Center in Denver. All calls were conducted by one
of two respiratory nurses who had no other contact with the CAMP study participants. The
nurses began each call reminding respondents of the fact that the nurses were not from their
local CAMP clinic and would not be communicating any of the participant’s responses to the
CAMP staff. In all six calls, participants were questioned about recent medication
prescriptions, adherence, symptoms, use of rescue medication, and health care utilization.
Adherence questions were directed to ICS use, the predominant medication class in this cohort.
Participants who were on and off medications during the study interval, including ICS and a
leukotriene antagonist, were not included in the data set. This procedure was adopted to avoid
confusion and focus adherence inquiry to medications prescribed consistently for the entire 6-
month interval. Adherence questions focused on medication use during the previous day.
Symptom questions were restricted to those occurring in the previous week (e.g., “In the last
week, on how many days have you had wheezing or difficulty breathing when exercising?”).
Thus, for each of the six interviews, participants reported the number of days in which each
symptom occurred in the previous week. Four symptom questions inquired about the presence
of specific asthma symptoms including wheezing while exercising, wheezing while not
exercising, night awakening, and restricted activities. Participants also reported the number of
days in which they used their beta2 agonist for rescue during the preceding week. Health care
utilization questions focused on events occurring in the previous month and included queries
about hospitalizations or visits to the health care provider or emergency department. Finally,
participants were asked “For the past month, do you believe that your asthma has been under
good control?”. The rationale for employing six brief adherence interviews reflects previously
published evidence that self-report of adherence, which tends to significantly exaggerate actual
adherence, will be more accurate under specific conditions that: (1) limit memory demands,
15 (2) limit interpersonal discomfort,16 (3) focus on very specific, recent behaviors,17–19 and
(4) repeat 24-hour interviews over 6 months13. While adherence behavior within a single 24-
hour period may not be representative of the broader pattern of behavior, repetition of the 24-
hour interviews over 4–8 occasions provides an accurate estimate of overall adherence. 20,
21, 22, 23, 24

Statistical analyses
Descriptive statistics were calculated for all variables, including medians, ranges, means, and
standard deviations. Adherence levels for each participant were calculated from each interview
by dividing the number of reported puffs used in the previous day by the prescribed amount.
For example, a patient reporting that they took 2 puffs when 4 had been prescribed had 50%
adherence on that day. These adherence levels were then averaged over the 6 interviews to
create a single overall estimate of that participant’s adherence over the six-month period. While
categorizations of adherence levels vary across studies, a convention of 75% adherence has
been frequently employed 25, 7, 26 and was adopted as the separation between “Low/Medium”
adherence <75%) and “High” adherence (>75%). Levene’s test was used to test for differences
among group variances. Comparisons involving proportions or percentages were conducted
by chi-square analysis. For these comparisons, symptom indices consisted of the percent of
participants reporting the symptom in the week prior to the interview. Levene’s test was used
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to test for differences among group variances. All statistical analyses were performed using
SPSS V.14 (SPSS, Inc., Chicago).

RESULTS
Baseline demographic and disease characteristics of the study cohort

Demographic and disease characteristics of the participants in this ancillary study (n=756) were
very similar to the original cohort of CAMP participants (n=1041) and those in the full
CAMPCS study (n=941) (Table 1). One third of participants were of an ethnic minority, and
most were adolescents, with a mean age of 17.3 years (range = 13 to 22 years) at the point of
informed consent.

Medication adherence
Of the 756 participants interviewed, 238 reported that they had a prescription for an ICS and
available supply of their medication during the entire six-month period. The 78 participants
who reported having an active ICS prescription on some interviews and not others, or 20 who
were on a leukotriene antagonist, were not included in the analysis. The remaining 420
participants, each of whom reported that their physician had not prescribed a controller
medication during the 6-month period, comprised the No ICS comparison group. Averaged
across individual responses to the six interviews, mean adherence over the six month period
78.2% (SD= 39.0). Low/Medium adherence (<75%) was reported by 38% of participants, and
High adherence (≥ 75%) was reported by 62%. Most of the 238 participants were on a single
controller medication. Mean adherence levels did not differ between those participants on one
controller vs. those on two or more controller medications (data not shown).

Symptom reporting
The percent of participants reporting symptoms in each of the six monthly telephone intervals
is reflected in Figure 1. Across the group of 756 participants, wheezing, while exercising or
not, occurred on average in 13.7% of participants within each 7-day reporting period. Across
all 6 reporting periods, 4.2% experienced awakening with wheezing at least once. The presence
of symptoms resulted in beta2 agonist use in 4.4% and resulted in missed activities in 1.7% of
patients. Across the 6 months, the Low/Medium adherence group indicated more wheezing,
with or without exercise, than those in the High adherence or No ICS groups (p<0.05).

To examine the variability of symptom scores across the six interviews, comparisons between
the three groups were made for symptom score standard deviations for each symptom score.
Standard deviations were significantly increased in the Low/Medium adherence group when
compared to the High adherence and No ICS groups for wheezing while exercising (p=0.000)
and while not exercising (p=0.000), waking at night (p=0.014), missing activities (0.001), and
two or more uses of rescue medication (p=0.000).

Health care events and perceived control
At each interview, fewer than one percent of participants reported a hospitalization or
emergency department visit and, within each interval, an average of 1.2% visited a health care
provider for asthma care, with no differences separating the three groups. More than 96% of
participants in all three groups agreed that their asthma was under “good control” across all 6
interviews.

DISCUSSION
Participants with reduced ICS adherence reported more wheezing than those with higher levels
of adherence; over the six interviews, one in five participants in the Low/Medium adherence
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group experienced wheezing during the previous week. Further, in the Low/Medium adherence
group, month-to-month variability of symptoms, including wheezing, awakening at night,
missed activities, and beta2 agonist use, was twice that of the other two groups. The association
between low adherence and inadequate control did not extend to increased need for
hospitalization or visits to the physician or emergency department, all of which occurred rarely.
Nonetheless, these data establish that in a group of adolescents and young adults with mild to
moderate asthma who had received asthma education, diminished ICS adherence undermined
symptom control. Few other studies have directly linked ICS adherence level to symptom
control, and none have done so with adolescents. An administrative database study from a
health maintenance organization revealed that decreasing adherence, as reflected in refill rates
over three years in a group of 405 adults with asthma, was incrementally associated with
increases in emergency department visits, requirement of oral steroid, and hospitalizations.
Extrapolating from these data, the authors estimated that 48 of 80 hospitalizations may have
been prevented had those patients been fully adherent to their ICS regimen.6

In this study, although 20% of those in the Low/Medium adherence group reported wheezing,
only 1–2% reported that their asthma was not under “good control” in each of the six interviews.
About 10% of the group with no controller medication reported wheezing, although less than
3% judged their control as inadequate. Given the extensive education and frequent study
contacts provided to CAMPCS participants, these results suggest that despite awareness of
available anti-inflammatory interventions participants are willing to accept the presence of
some asthma symptoms in the course of their daily lives. Stronger symptom control in the No
ICS group suggests less need for controller medication, although even in this group nearly 10%
reported wheezing.

Numerous steps, including assurances of anonymity and focus on reporting adherence over a
recent time interval (i.e., last week), were taken to decrease potential embarrassment and
increase adherence reporting accuracy. Despite this, participants likely over-reported
adherence. The mean reported adherence rate of 78% is higher than that seen in studies
employing objective adherence measures. Further, the distribution was skewed upward with a
relatively large proportion of participants reporting perfect (i.e., 100%) adherence. In studies
comparing self report to objectively-measured adherence, self report over-estimated adherence
by 50% in adults 2, 27 and children.5 Nonetheless, previous research also demonstrates that
self-report correlates moderately with objective measures of adherence31 and is generally more
accurate when conducted through a confidential interview.32 In a study of adherence in children
with asthma, concordance between diary and electronic monitor data was 85% even though
adherence recorded on diary cards was significantly over reported.28 Thus, while tending to
over report positive behavior, many patients nonetheless categorize themselves with relative
accuracy on a continuum of adherence. No sufficient alternative exists to measure and
understand symptoms, pain, feelings, experiences and actions to manage the illness other than
to ask patients. Consequently, patient self-report remains a necessary component of the
assessment of disease activity and treatment success. Researchers and clinicians will continue
to utilize patient reports, recognizing the limitations of self-report methodology while seeking
approaches to minimize error from memory limitations or embarrassment.

Clinical implications
Adolescents and young adults with asthma underutilize daily controller medications and appear
to tolerate some degree of asthma symptoms. Given that participants in the Childhood Asthma
Management Program have received comprehensive asthma education and a high degree of
caregiver contact exceeding that received in most clinical settings, it may be unrealistic to
assume that most patients under less compelling circumstances will use controller medication
consistent with current expert guidelines. Careful consideration of patient goals and
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preferences must be factored into physician decisions about inclusion of 365-day-a-year
controller medication use in the prescribed treatment plan.
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Abbreviations

ICS Inhaled corticosteroid

CAMP Childhood Asthma Management Program

CAMPCS Childhood Asthma Management Program Continuation Study

FEV1 Forced expiratory volume in one second

FEV1 PC20 Provocative concentration of methacholine required to cause a 20% decrease
in FEV1

SD Standard deviation

ANOVA Analysis of variance
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FIGURE 1.
Percent of patients reporting symptoms or beta-agonist use at each of six monthly telephone
interviews
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Table 1

Baseline demographic characteristics of current group, original CAMP group, and CAMPCS group

Current group (N=756) Original CAMP group (N=1041) CAMPCS group (N=941)

Age (yrs, mean±SD) 8.8±2.1 8.9±2.1 8.9±2.1

Ethnic (%)

 Non-hispanic white 68.2 68.1 68.6

 Non-hispanic black 13.1 13.1 13.7

 Hispanic 9.9 9.4 9.1

 Other 7.4 8.8 7.9

Gender (%)

 male 59.3 60.7 60.2

Age of onset of asthma (yrs, mean±SD) 3.0±2.4 3.1±2.6 3.1±2.5

Severity of asthma at randomization (%)

 mild 47.7 47.8 47.9

 moderate 52.3 52.1 52.2
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