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Abstract
Background—Information comparing subjective and objective measurements of adherence to
study medications and the effects of adherence on treatment-related differences in asthma clinical
trials are limited.

Objective—We sought to compare subjective and objective measurements of children’s
adherence to inhaled corticosteroids or placebo and to determine whether adherence to study
medications modified treatment-related differences in outcomes.

Methods—In an ancillary study conducted in 3 of 8 Childhood Asthma Management Program
Clinical Centers, adherence was assessed by using self-reported and objective data in 5- to 12-
year-old children with mild or moderate asthma who were randomly assigned to 200 μg of inhaled
budesonide twice per day (n = 84) or placebo (n = 56) for 4 years. The κ statistic was used to
evaluate agreement between self-reported adherence (daily diary cards) and objectively measured
adherence (number of doses left in study inhalers). Multivariable analyses were used to determine
whether adherence to study treatment modified treatment-related differences in outcomes.
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Clinical implications: Objective measures of adherence are needed to assess adherence to ICS therapy.
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Results—Adherence of less than 80% was seen in 75% of 140 children when adherence was
measured objectively but only in 6% of children when measured by means of self-report. There
was poor agreement between objective and subjective measurements of adherence of at least 80%
(κ = 0.00; 95% CI, −0.05 to 0.04); self-reported adherence over the 4-year period generally
overestimated objectively measured adherence (93.6% vs 60.8%, P < .0001). There was little
evidence to indicate that adherence modified treatment-related differences in outcomes.

Conclusion—Researchers should use objective rather than self-reported adherence data to
identify clinical trial participants with low levels of adherence to study treatment.

Keywords
Asthma; adherence; compliance; children; lung growth; inhaled corticosteroids; budesonide;
clinical trial

Asthma is a common respiratory disorder characterized by chronic airway inflammation,
impaired pulmonary function, and episodic respiratory symptoms.1,2 Results of randomized
clinical trials in children indicate that anti-inflammatory therapy with daily inhaled
corticosteroids (ICSs) improves symptom control and reduces the risk of asthma
exacerbations.3–5 Although it is known that patients’ adherence to therapy is often
incomplete and decreases over time,6–8 the effects of partial adherence to ICS therapy on
efficacy and safety end points in clinical trials are unclear.3,5,9

To address these gaps in knowledge, we designed and conducted an ancillary adherence
study within the Childhood Asthma Management Program (CAMP), a large, multicenter,
placebo-controlled, randomized clinical trial designed to evaluate the long-term effects of
budesonide, an ICS, in children with mild or moderate asthma.10 The objectives of this
ancillary study were (1) to characterize children’s adherence to study medications and
compare self-reported and objective measures of medication use and (2) to determine
whether adherence to study medications modified the observed effect of daily budesonide
therapy (compared with placebo) on clinical and pulmonary function, as well as height and
bone mineral density outcomes.

METHODS
Study participants

A detailed description of the CAMP study design has been reported elsewhere.10 Between
December 1993 and September 1995, children from 5 through 12 years of age at 8 clinical
centers were screened for enrollment in the CAMP trial. Participants had to have mild or
moderate asthma (presence of symptoms at least twice weekly, use of an inhaled
bronchodilator at least twice weekly, or use of daily medication for asthma) and airway
hyperresponsiveness to inhaled methacholine (a 20% decrease in FEV1 with a methacholine
dose of ≤12.5 mg/mL). Children with other clinically significant pulmonary disease and
selected nonpulmonary conditions were excluded.

Children were randomly assigned to budesonide, nedocromil, or matching placebo in
CAMP. Assignments were made by using permuted-blocks randomization with stratification
according to clinic. The ancillary adherence study was designed to be conducted within the
main CAMP study at 3 of the 8 clinical centers (Baltimore, Denver, and San Diego).
Enrollment into the ancillary adherence study at these 3 clinical centers began after the start
of enrollment in the main CAMP study, and therefore not all children enrolled in the main
CAMP study were also enrolled in the ancillary adherence study. The ancillary adherence
study included objective monitoring of children’s adherence to study treatments. Because
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the current report is focused on adherence to ICS treatment, analyses were restricted to
children who were randomized to budesonide or budesonide placebo and were enrolled in
the ancillary study. Informed consent was obtained from the children’s parents or guardians.
The study, including adherence measurements, was approved by the local institutional
review board at each center.

Study treatments and visits
Participants were randomly assigned to receive 200 μg of budesonide twice daily delivered
by means of two 100-μg actuations of an inhaler or a matching placebo inhaler (Turbuhaler;
AstraZeneca, London, United Kingdom). Albuterol administered through a metered-dose
inhaler was used as needed for symptom relief and to prevent exercise-induced
bronchospasm. A written action plan was used to guide rescue treatment, which included a
short course of oral prednisone for asthma exacerbations. The treatment protocol included a
pre-established algorithm to escalate asthma therapy in children with inadequate asthma
control, beginning with the addition of 168 μg of inhaled beclomethasone dipropionate
twice daily to the study medications. If asthma control remained unsatisfactory, replacement
or addition of other long-term control medications was allowed. It was permissible to use a
pre-established algorithm to taper the study medication to a dose of zero by using stepwise
reductions from 100% to 50% to 0% to account for remission. Algorithms also guided the
resumption of the full dose of the study medication. After several baseline study visits, there
were follow-up visits at 2 and 4 months after randomization and every 4 months afterward
over a period of 4.3 years (average) until March through June 1999 (end of the treatment
period) in the main study. The follow-up period for this ancillary study was 4 years.

Adherence measures
Self-reported use of study medication was recorded daily on a study diary card by children
or their parents/guardians. The diary cards were continued through the entire period of the
clinical trial. Diary cards were collected at study visits or returned by mail to the clinical
centers and reviewed for completeness. If a participant failed to complete or return diary
cards for a period of 1 or more months in the interval between study visits, then self-reported
adherence data at the follow-up visit were considered missing. Objective medication
adherence was based on the recording of the number of doses remaining in each Turbuhaler
device by a research assistant. If a participant failed to return 1 or more Turbuhaler devices
at a study visit (ie, sufficient study medication for ≥1 month), then objective adherence data
at that visit were considered missing. Participants were informed that diaries and medication
use would be reviewed but were not told specifically that the number of puffs of medications
dispensed would be counted. Also, counting of doses dispensed from Turbuhaler devices
was not done in the presence of children or families.

Outcome measures
Clinical—Urgent care visits to a physician’s office because of asthma, number of courses
of prednisone, need for treatment escalation (percentage of days taking beclomethasone or
additional asthma medications), and change in daily diary measures of symptom control
(symptom frequency, number of asthma episode-free days per month, uses of albuterol for
symptoms and to prevent exercise-induced bronchospasm per week, and number of
nighttime awakenings per month) during the 4-year treatment period were examined.
Because we were interested in the change in health status with long-term therapy, we
calculated the difference between the measurement obtained at the last visit while taking
study medications from the measurement obtained at the baseline visit for clinical outcomes,
pulmonary function (except airway hyper-responsiveness [see below]), and height and bone
density.

Krishnan et al. Page 3

J Allergy Clin Immunol. Author manuscript; available in PMC 2013 January 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Pulmonary function—Changes in the prebronchodilator and postbronchodilator
spirometric values (FEV1 [in liters], FEV1 percent predicted, forced vital capacity [FVC; in
liters], and FEV1/FVC ratio [as a percentage]) and airway hyperresponsiveness during the 4-
year treatment period were detected.10 Airway responsiveness to methacholine was
measured as the PC20 value. To estimate the change in airway hyperresponsiveness with
treatment, we used the ratio of the PC20 value at the last visit while taking study medications
and the PC20 value at the baseline visit.

Height and bone density—Change in height (in centimeters and percentages) and bone
mineral density during the 4-year treatment period and projected final height were
measured.10

Statistical analysis
Descriptive statistics are presented as means (SDs), medians (ranges), or percentages, as
appropriate. Comparisons of patients’ characteristics between groups used t tests, Wilcoxon
rank sum tests, or χ2 tests. Adherence was defined as the percentage of prescribed dose used
(ie, [No. of doses used/Prescribed no. of doses] × 100%) and accounted for dose reductions
in study medications that occurred between study visits. Adherence data (self-reported and
objectively measured) at each follow-up visit were truncated at 100% to prevent overuse or
“dumping” (deliberate emptying of inhaler before study visits to conceal nonadherence)
during some follow-up periods from masking underuse during others.11 Adherence data
collected at each visit were used to compute the yearly mean adherence during the 4-year
treatment period. The mean of the yearly values was used to calculate the overall mean
adherence over the 4-year study (adherence4yrs). The Wilcoxon signed-rank test was used to
compare participants’ self-reported and objectively measured adherence4yrs values. The κ
statistic for agreement (and 95% CI) was used to compare the self-reported adherence (based
on daily diary cards) with the objectively measured adherence (based on the number of
doses remaining in study inhalers).12 The likelihood of missing self-report data at visits in
which objective adherence data were missing was calculated by using a logistic regression
model. Changes in self-reported and objectively measured yearly mean adherence during the
study period were evaluated by using linear regression models.

As in the main CAMP study, multivariable regression models were developed to estimate
the effect of budesonide on outcomes. Regression models accounted for the possible
correlation of repeated measurements within subjects.13,14 In each model the predictor
variables were the treatment group (budesonide vs placebo [reference]), baseline value for
the outcome measure, age, race or ethnic group, sex, clinical center, duration of asthma,
severity of asthma, skin test reactivity, and any factor associated with treatment assignment
(budesonide vs placebo) at the baseline visit with a P value of less than .20. Then to
determine whether the mean adherence to study medications over the 4-year treatment
period (adherence4yrs) modified the effects of budesonide on outcomes, adherence4yrs was
categorized as low (<50% adherence4yrs [approximately 25th percentile among study
participants]), medium (50% to 79% adherence4yrs [approximately 25th to 75th percentile]),
or high (≥80% adherence4yrs [approximately 75th percentile]). Then a treatment-
adherence4yrs interaction term (ordinal variable representing low, medium, and high
adherence4yrs groups) was included in the multivariable regression model for each outcome.
If the treatment group–adherence4yrs interaction term was significant (P < .05) for an
outcome, 3 multivariable regression models were fitted (one for each adherence4yrs stratum)
for that outcome, after excluding the adherence4yrs value and treatment-adherence4yrs
interaction term. A 2-sided P value of less than .05 was used to detect a statistically
significant difference for all analyses. Computations were performed with STATA version
8.2 software (StataCorp, College Station, Tex).

Krishnan et al. Page 4

J Allergy Clin Immunol. Author manuscript; available in PMC 2013 January 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



RESULTS
Baseline characteristics

Of the 198 children who were assigned to budesonide or budesonide placebo and enrolled in
the main CAMP study at these 3 clinical centers, 148 (74.7%) were enrolled in this ancillary
adherence study. Eight (5.4% of 148) children did not provide any objective adherence data
during the follow-up period, although they did complete the main CAMP study visits. These
8 children were similar in age, race/ethnicity, and sex to the 140 children in whom we
collected objective adherence data, but the former group were more likely to have been
classified as having moderate asthma (88% vs 46%, P = .03) and had a lower
prebronchodilator FEV1 percent predicted (78% vs 93%, P < .01). Because this report is
focused on adherence to ICS treatment, analyses were subsequently restricted to the 140
children in whom objective adherence data were collected (Table I), representing 71% of
participants assigned to budesonide or budesonide placebo in the 3 clinical centers and 27%
of 519 participants assigned to budesonide or budesonide placebo in all 8 main CAMP trial
clinical centers. Participants in the ancillary study were more likely to be non-Hispanic
(89% vs 78%) and had a slightly lower median asthma symptom scores (0.4 vs 0.5)
compared with children assigned to budesonide or budesonide placebo at the other 5 CAMP
clinical centers; the 2 groups were otherwise similar.

The budesonide and placebo groups in the ancillary study were similar across multiple
asthma and atopic characteristics at the baseline visit. However, despite similar heights
when measured in centimeters (134 vs 132 cm, P = .41), the budesonide group had a
significantly higher baseline height percentile compared with the placebo group (59th vs
47th percentile, P = .03). In the main CAMP trial the baseline height percentiles in children
assigned to budesonide (57th percentile) or budesonide placebo (54th percentile) were not
significantly different (P = .29).

Effects of budesonide on outcomes within the ancillary study
For more information on the effects of budesonide on outcomes within the ancillary study,
see Table II. Significant improvements were noted across several outcome measures in the
budesonide group compared with the placebo group: the percentage of children with urgent
care visits for asthma, the percentage of days of beclomethasone or other asthma
medications, symptom scores, asthma episode-free days, FEV1/FVC ratio, and airway
responsiveness to methacholine. Other than FEV1/FVC ratio and airway responsiveness,
there were no significant differences in the other measures of pulmonary function between
the budesonide and placebo groups, including the change in postbronchodilator FEV1
percent predicted (2.46% vs −1.88%, respectively; P =.11).

There was also a significant reduction in height percentile in the budesonide group
compared with that seen in the placebo group; however, there were no significant
differences in the change in height (in centimeters), projected final height, or change in bone
mineral density between treatment groups.

Adherence to study treatment within the ancillary study
A significant decrease occurred in the yearly mean adherence based on objective data (from
69% in year 1 to 52% in year 4, P < .001, Fig 1). A significant, although smaller, decrease
also occurred in mean adherence based on self-report (from 95% in year 1 to 91% in year 4,
P < .001).

Objectively measured adherence4yrs values were significantly lower than self-reported
adherence4yrs values (60.8% vs 93.6%, P < .0001). Whereas only 8 (5.8%) participants had
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self-reported adherence4yrs values of less than 80%, 75% of participants had objectively
measured adherence4yrs values of less than 80%, and 27% of participants had objectively
measured adherence4yrs values of less than 50%. The κ statistic for agreement between
objectively and subjectively measured adherence of at least 80% was poor (κ = 0.00; 95%
CI, −0.05 to 0.04).

The proportion of children with objectively measured adherence4yrs values of less than 80%
was similar in the budesonide and placebo treatment groups (P =.56). The overall mean
objectively measured adherence4yrs value (budesonide vs placebo, 60.1% vs 62.8%; P =.53)
and the decrease in yearly mean objective adherence (P =.55) were also similar in the 2
treatment groups.

Objective adherence data were missing at more study visits than self-reported data (number
of visits with missing objective vs self-reported data, mean [SE]: 4 [0.2] vs 3 [0.3]; P =.
0004). Missing objective adherence data at 4 or more visits was associated with lower
adherence at follow-up visits in which these data were available (adherence4yrs if missing
data at ≥4 vs <4 visits: 53.6% vs 68.3%; P =.0002). Children with missing objective
adherence data at a study visit were significantly more likely to also have missing self-
reported adherence data at that same visit (odds ratio, 3.1; 95% CI, 2.2–4.3).

Adherence to study treatment and outcomes within the ancillary study
For more information on adherence to study treatment and outcomes within the ancillary
study, see Table III. In multivariable analyses, adherence did not modify treatment-related
differences (budesonide vs placebo) in most outcomes. However, there was a significant
adherence–treatment group interaction for the 4-year change in FEV1 percent predicted
(postbronchodilator and prebronchodilator). To examine this further, we conducted analyses
within strata defined by adherence4yrs values (low [n = 34 children], medium [n = 61
children], and high [n = 34 children]). In the high-adherence stratum the children treated
with budesonide had a significantly greater change in the mean postbronchodilator FEV1
percent predicted compared with that seen in children treated with placebo (change in
budesonide minus change in placebo treatment groups, 12.8%; 95% CI, 2.9% to 22.8%; P
= .01). There were no significant differences in the change in postbronchodilator FEV1
percent predicted between treatment groups in the low-adherence stratum (budesonide
minus placebo, 4.8%; 95% CI, −5.1% to 14.6%; P = .33) or in the medium-adherence
stratum (budesonide minus placebo, −2.3%; 95% CI, −8.0% to 3.4%; P = .43).

In the high-adherence stratum, budesonide also significantly improved the prebronchodilator
FEV1 percent predicted (difference, 16.4%; 95% CI, 4.4% to 28.5%; P =.01) but not in the
other adherence strata (difference in the low-adherence stratum, 7.4%; 95% CI, −4.2% to
19.1%; P = .20; difference in the medium-adherence stratum, 2.6%; 95% CI, −3.6% to
8.8%; P =.41).

DISCUSSION
Two primary findings emerged from this ancillary study: (1) three quarters of children had
mean objectively measured adherence of less than 80%, and (2) self-report data failed to
detect most children with objectively measured adherence of less than 80%. In addition, in
the subset of children who were at least 80% adherent to study medications, the
prebronchodilator and postbronchodilator FEV1 percent predicted was significantly greater
in children assigned to budesonide compared with that seen in those assigned to placebo.
However, this finding must be interpreted in light of the absence of an adherence effect on
other outcomes seen in the budesonide group in the main CAMP trial (eg, airway
hyperresponsiveness).
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The dramatic difference between self-reported and objectively measured mean adherence
and the poor agreement between these 2 measures in this study are consistent with results of
previous investigations in children and adults, including those that used electronic
medication monitors.15–17 In this report we found that self-reported adherence over the 4-
year study period generally overestimated objectively measured adherence by about 30%.
Findings from this study also indicate that relying on self-reported medication use to assess
time trends in adherence is likely to be misleading. Although self-reported data suggested
adherence to study medications was greater than 90% throughout the 4-year treatment
period, objective data were far less encouraging, indicating that participants’ use of study
medications had decreased to about 50% by the end of the 4 years. A similar decrease in
objectively measured adherence was demonstrated in a 27-month clinical trial of budesonide
therapy for children with asthma,7 underscoring the limited effectiveness of efforts
incorporated into clinical trials (including CAMP) to promote and sustain participants’
adherence, including extensive asthma education, asthma diary monitoring, and regular
nurse coordinator follow-up. The multiple supports to promote adherence in the trial are
typically not available in clinical practice, suggesting that adherence to therapy is likely to
be even lower in nonresearch settings.

In the main CAMP study5 the change in postbronchodilator FEV1 percent predicted was the
primary outcome; secondary out-comes included airway hyperresponsiveness, other
measures of lung function (eg, FEV1/FVC ratio), asthma symptom control (eg, need for
albuterol), and adverse events (eg, bone density and children’s height). As in the main
CAMP study, budesonide improved multiple outcomes during the 4-year treatment period in
the subset of children enrolled in this ancillary adherence study, including symptom control
(eg, urgent care visits and symptom scores) and airway responsiveness. Also, as in the main
CAMP study, treatment with budesonide did not significantly improve postbronchodilator
FEV1 percent predicted during the 4-year treatment period in the subset of children enrolled
in this ancillary adherence study. In the main CAMP study report,5 children assigned to
budesonide appeared to have higher postbronchodilator FEV1 percent predicted during the
first year of study treatment, but differences between treatment groups disappeared by the
end of the study. Results of this ancillary study suggest that the decrease in adherence during
the 4-year treatment period (resulting in lower overall mean levels of adherence) might have
attenuated the effect of budesonide on the primary outcome because the benefit of
budesonide therapy (vs placebo) on postbronchodilator FEV1 percent predicted was only
observed in the stratum of children with high levels of adherence to study medications.
However, although a similar adherence effect was observed for the change in
prebronchodilator FEV1 percent predicted, the level of adherence to study treatment did not
significantly modify the effect of budesonide on multiple other outcomes, which suggests
that the adherence-related findings might be due to chance (type I error). Alternatively, the
lack of an “adherence effect” on other outcomes might suggest that relatively modest levels
of ICS use (ie, different thresholds of adherence) could be effective for other outcomes.18–22

Also, this ancillary study, which only included about one quarter (27%) of the 519
participants assigned to budesonide or budesonide placebo in the main CAMP trial, might
have been underpowered to assess the extent to which adherence modifies the effects of
budesonide therapy on outcomes other than prebronchodilator and postbronchodilator FEV1
percent predicted.

The strengths of this study include the prospective collection of objective adherence data
within a large, multicenter clinical trial comparing the long-term effects of ICSs and placebo
on multiple clinical outcomes in children with asthma.

This study also has several limitations. Medication measurement, such as a count of the
number of doses remaining between follow-up visits, does not provide information on day-
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to-day patterns of adherence, unlike electronic measures of adherence.23 Also, although
measurements of doses left are more accurate than self-reported adherence, comparisons
with electronic data indicate that adherence among study participants might have
nevertheless been significantly overestimated.11 Medication measurements, for example,
cannot identify deliberate emptying of an inhaler immediately preceding a study visit
(“dumping”), a deceptive practice that has been noted in other clinical trials.24

Misclassification of adherence might have contributed to an underestimation of the role of
adherence in mediating the observed treatment effects. Also, objective adherence data were
not available at every study visit. However, concerns about measurement bias resulting from
missing data are not limited to analyses based on objective adherence data alone. Self-
reported adherence data were also incomplete, were more likely to be missing when
objective data were missing, and overestimated objectively measured adherence. The study
did not collect data on adherence to supplemental courses of ICSs and systemic
corticosteroids that were prescribed during the course of the study. Thus it is possible that
differences in the use of supplemental corticosteroids across treatment groups might have
been a source of confounding in the analyses, resulting in minimizing or exaggerating the
observed relationship between adherence to study medications and outcomes. Also, it is
possible that those with higher levels of adherence to budesonide therapy might have had
other beneficial self-care habits, such as avoidance of environmental irritants (eg, cigarette
smoke) and allergens; these self-selection factors might have contributed to selection bias in
the analyses of outcomes by adherence groups.25 However, adherence did not vary by
treatment group (inhaled budesonide and placebo groups), and therefore selection bias is not
likely to be a concern.

In conclusion, use of self-report data (ie, diary cards) to identify pediatric participants with
asthma who are nonadherent to therapy in research studies is unjustified because
unrecognized non-adherence to therapy in research studies can lead to an underestimate of
the pharmacologic effects of study medications, especially for outcomes more sensitive to
dose response.
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FIG 1.
Objective and self-reported adherence by study year within the ancillary study. Self-reported
(solid diamonds) and objective (open circles) adherence at years 1, 2, 3, and 4 of the study
are shown. The number of children in whom adherence data were available each year is
shown adjacent to each data point.
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TABLE II

Outcomes in the budesonide and placebo groups within the ancillary study

Budesonide (n = 84) Placebo (n = 56) P value*

Clinical outcomes

 Urgent care visits caused by asthma, no. (%) 21 (25) 25 (45) .02

 No. of courses of prednisone (no./100 person years) 109 (87) 145 (110) .07

 Percentage of days on beclomethasone or other asthma medications 5.7 (18.2) 18.4 (33.3) <.01

 Change in daily diary card measures

  Symptom score −0.38 (0.34) −0.13 (0.39) <.001

  Asthma episode-free days (no./mo) 14.1 (10.7) 9.8 (12.9) .048

  Use of albuterol for symptoms (puffs/wk) −7.7 (9.1) −4.1 (11.1) .055

  Nighttime awakenings (no./mo) −0.59 (1.22) −0.60 (2.54) .98

Pulmonary function

 Changes in spirometric values before bronchodilator

  FEV1 (L) 0.88 (0.40) 0.78 (0.46) .19

  FEV1 (% predicted) 2.45 (13.0) −1.88 (17.56) .11

  FVC (L) 1.17 (0.49) 1.12 (0.47) .58

  FEV1/FVC ratio (%) −1.11 (6.51) −3.81 (9.09) .048

 Changes in spirometric values after bronchodilator

  FEV1 (L) 0.93 (0.42) 0.89 (0.40) .61

  FEV1 (% predicted) 1.28 (12.08) −0.96 (14.53) .34

  FVC (L) 1.16 (0.50) 1.12 (0.43) .59

  FEV1/FVC ratio (%) −1.74 (5.32) −2.15 (7.01) .70

 Airway responsiveness to methacholine, ratio of follow-up to baseline values 2.43 (3.86) 1.11 (3.13) <.001

Height and bone density

 Change in height (cm) 20.8 (5.5) 21.4 (5.3) .57

 Change in height percentile −6.1 (16.3) 0.9 (15.7) .02

 Projected final height (cm) 172.1 (10.2) 170.4 (10.7) .36

 Change in bone mineral density (g/cm2) 0.182 (0.102) 0.176 (0.110) .73

Values represent means (SDs), unless otherwise stated.

*
P values based on multivariable regression model for differences between groups (see the Methods section).
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TABLE III

Effect of adherence to study treatment on differences in outcomes between the budesonide and placebo
treatment groups within the ancillary study

Treatment group–adherence4yrs interaction, P value*

Clinical outcomes

 Urgent care visits caused by asthma (yes vs no); odds ratio .58

 No. of courses of prednisone (no./100 person years) .56

 Percentage of days on beclomethasone or other asthma medications .71

 Change in daily diary card measures

  Symptom score .84

  Asthma episode-free days (no./mo) .61

  Use of albuterol for symptoms (puffs/wk) .30

  Nighttime awakenings (no./mo) .58

Pulmonary function

 Changes in spirometric values before bronchodilator

  FEV1 (L) .24

  FEV1 (% predicted) .02

  FVC (L) .32

  FEV1/FVC ratio (%) .30

 Changes in spirometric values after bronchodilator

  FEV1 (L) .38

  FEV1 (% predicted) .03

  FVC (L) .61

  FEV1/FVC ratio (%) .26

 Airway responsiveness to methacholine, ratio of follow-up to baseline values .25

Height and bone density

 Change in height (cm) .41

 Change in height percentile .31

 Projected final height (cm) .20

 Change in bone mineral density (g/cm2) .46

*
Values represent P values for interaction between treatment group and adherence4yrs values in multivariable regression models (see the Methods

section).
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