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ARTICLE INFO ABSTRACT

Article history: Background: Nonadherence to inhaled corticosteroids (ICS) is a significant risk factor for poor asthma
Received for publication October 9, 2013. outcomes in minority adolescents with persistent asthma.

Accepted for publication November 26, Objective: To identify factors associated with nonadherence to daily ICS in this target population.

2013.

Methods: Adolescents 11 to 16 years old, self-identified as African American or Hispanic, diagnosed with
persistent asthma and with an active prescription for daily ICS were invited to participate. Participant
adherence to ICS was electronically measured during 14 days. Concurrently, participants completed the
following assessments: demographic information, asthma history, asthma control, asthma exacerbations,
media use, depression, asthma knowledge, ICS knowledge, and ICS self-efficacy. Of the 93 subjects, 68 had
low (<48%) adherence and 25 had high (>48%) adherence.
Results: Older age and low ICS knowledge each were associated with low (<48%) adherence (P < .01 for the
2 variables).
Conclusion: Older age and low ICS knowledge each may be associated with poor adherence to ICS in
minority adolescents with persistent asthma. Although older age often is associated with the assignment of
increased responsibility for medication-taking behavior, it may not be associated with increased adherence.
Continued and expanded efforts at promoting asthma education and specifically knowledge of ICS may
increase adherence to ICS.

© 2014 American College of Allergy, Asthma & Immunology. Published by Elsevier Inc. All rights reserved.

Introduction an important risk factor for poor asthma outcomes, with adoles-
cents 11 to 17 years old having higher asthma death rates than
younger children.>>

Adolescents differ from younger children biologically in puberty
and body size and behaviorally in their independence, mobility, and
risk-taking behavior.®” Adolescents’ preference for immediate
gratification over future benefits and willingness to tolerate
outcome uncertainty contribute to significant under-adherence to
daily controller medication.® Adherence in younger children is
controlled mainly by caregivers, but adolescents usually manage

Asthma is the leading chronic illness of childhood,"* dispro-
portionately affecting minority children.> Non-Hispanic African
American (14.6%) and Puerto Rican Hispanic (18.4%) children have
not only higher rates of asthma prevalence than white children
(8.2%)> but also have worse asthma outcomes.? African American
(22%) and Hispanic (14.1%) children visit the emergency depart-
ment at a higher rate than white children (9%).* Age also constitutes
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Methods
Study Description and Eligibility

For this analysis, the authors focused on data from a randomized
behavioral controlled trial that assessed the efficacy of a coping
peer-support intervention in increasing adherence to daily ICS
medication in low-income minority adolescents. Results of the trial
have been published previously.'” Before randomization, partici-
pants completed a 3-week run-in period to assess baseline char-
acteristics and determine eligibility for participation in a 10-week
active treatment phase. Adherence to ICS medication was measured
over the last 14 days of the 21-day run-in period using an objective
electronic adherence monitor. This analysis focuses on differences
in baseline characteristics between participants with low adher-
ence to ICS at baseline versus those with high adherence (see
“Measurements” section).

To be eligible for the run-in phase, participants had to be 11 to 16
years of age, diagnosed with persistent asthma, self-identified as
African American or Hispanic, and in possession of an active pre-
scription for an ICS for asthma. Persistent asthma was defined as
symptoms of asthma for greater than 2 days/week or nighttime
symptoms for greater than 2 nights/month or being on a daily
prescription ICS for the treatment of asthma.!! Participants were
excluded if the caregiver or child was unable to speak English or the
child had comorbidities that would interfere with study partici-
pation. The Rush University Medical Center institutional review
board approved the study protocol.

Patients were recruited for the study from May 24, 2011 through
February 28, 2012 from pediatric, medicine—pediatric, and family
medicine practices at Rush University Medical Center (Chicago,
Illinois). Eligible patients and their guardians provided written
assent and consent.

Measurements

After providing consent, participants entered a 3-week run-in
period in which eligibility and baseline adherence to ICS were
assessed. Adherence was objectively measured using an electronic
medication monitor (Doser CT, MediTrack, Inc, South Easton,
Massachusetts) secured onto their ICS. Although they were blinded
to the reason for the monitoring, participants and their guardians
were instructed that the Doser CT would record the total number of
actuations of their ICS each day. The Doser CT settings did not allow
the participant to see the number of actuations.

For each study participant, the following formula was used to
calculate their daily adherence over each 24-hour interval:
adherence = (total puffs actuated/total puffs prescribed) x 100%.'?
Because true adherence can be distorted by intentional overuse
(such as by medication dumping), this daily adherence measure-
ment was truncated at 100%.">'# To allow adoption of a standard
electronic dose counter adherence measurement across all study
participants, the authors switched participants from different ICS
medications at enrollment to a best-estimation dose of Flovent
HFA 110-ug Inhalation Aerosol (provided by GlaxoSmithKline,
Research Triangle Park, North Carolina). All participants were
provided with spacers and taught proper ICS medication inhala-
tion technique.”® Baseline adherence was defined as the average
daily adherence over the past 14 days before completion of the
3-week run-in period. For this analysis, a participant was desig-
nated as having low adherence if the baseline adherence
(ie, average daily adherence at baseline) was <48%. This designa-
tion was based on the fact that most participants (82%) were pre-
scribed 2 puffs of ICS medication twice daily, or 56 puffs over a
14-day period. The authors considered taking >48% of prescribed
puffs over a 14-day period as representing high adherence (eg, >27
of 56 puffs) and taking <48% of prescribed puffs (eg, <26 of 56

puffs) as representing low adherence. Observational studies that
electronically monitored adherence to daily ICS in diverse samples
of adolescents have reported rates of 40% to 50% as being
typical. |6~ 1°

Participant assessments included demographics, asthma his-
tory, asthma control,!! asthma exacerbation,!’ asthma knowl-
edge,”® ICS knowledge,” depression,?! and ICS self-efficacy.?

Asthma variables

Possession of an active prescription for ICS medication was
verified by having the participant bring in the medication with his
or her name on the pharmacy label or having the pharmacy confirm
availability of an active prescription. Asthma control was ascer-
tained using questions from the domains of impairment and risk
from the National Institutes of Health Expert Panel Report 3
guidelines as follows: recall of prior 2 to 4 weeks of daytime
symptoms, nighttime awakenings, interference with normal
activities, use of short-acting 8, agonists for symptom control, and
number of asthma exacerbations warranting the use of oral
systemic steroids in the past 12 months.!" Self-reported tobacco
smoke exposure was queried. The ZAP Asthma Knowledge Instru-
ment, a 39-item questionnaire adapted from the ZAP Caregiver
Asthma Knowledge Survey Instrument, was used to measure
asthma knowledge in the adolescents.’! ICS knowledge for the
adolescents was assessed using the 7-item Inhaled Corticosteroid
Knowledge Questionnaire, which measures knowledge of the
function of ICS."> Asthma exacerbations in the past 12 months were
defined as the self-reported number of days absent from school,
oral corticosteroid bursts, unscheduled urgent outpatient visits to
the doctor, emergency department visits, hospitalizations, admis-
sions to the intensive care unit, and intubations.!'

Psychosocial variables

Levels of depression were evaluated using the Children’s
Depression Inventory 2.°° The 12-item Inhaled Corticosteroid
Self-Efficacy Questionnaire was used to measure participant-
perceived self-efficacy at taking 1CS.%?

Statistical Methods

Participants determined to have low adherence at baseline
were compared with those determined to have high adherence
with respect to key covariates. Continuous variables were
compared using the Wilcoxon rank-sum test; discrete variables
were compared using the Fisher exact test. Univariate logistic
regression was used for each covariate identified earlier to
identify variables significantly associated with low adherence.
Those variables found to be significant (P <.20) were included in
a forward stepwise selection logistic regression analysis to
identify the subset of variables most significantly associated with
the low-adherence categorization. Stepwise analysis used a cri-
terion of a P value no greater than .10 for a variable to be entered
into the model. Adequacy of the resulting final model was
assessed using the Hosmer-Lemeshow goodness-of-fit test. All
statistical analyses were performed using SAS 9.2 (SAS Institute,
Cary, North Carolina).

Results

Details of the flow of participants from eligibility to completion
of the 3-week run-in period are presented in Figure 1. A search of
the electronic medical record identified 373 potentially eligible
patients. Of these, 266 did not meet study the inclusion criteria and
107 completed informed assent and consent procedures. Fourteen
participants did not complete the run-in, 8 for administrative
withdrawal and 6 from participant withdrawal, resulting in 93
subjects with data available for this analysis.
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373 - Eligible Participants
350 - Pediatrics
12 - Medicine Pediatrics
11 - Family Practice

266 - Did nat meet study criteria
79 - Unable to make phone contact
91 - Declined phone screener
55 — Failed Screener
25— No longer taking inhaled
corticosteroid medication
12 - Declined to participate
9 — Logistical barriers

3 - Not willing to change medication
2 - Do not have current asthma
2 - Do not listen to music
2 - Outside of age range
41 - Declined consent
29 - Did not keep appointment
8 — Logistical barriers
4~ Declined to participate

107 - Signed Consent and
Entered 3-week Run-In Period

8 — Administrative withdrawals
1 - Unable to participate secondary
to learning disability
1-Unable to participate secondary
to low vision
1 - Other exclusion

2 - Failed to return Doser CT for data
collection
3 —Failed to return for study visits
6 - Participant withdrawals
1-No longer interested
5~ Schedule too busy

v

68 ~ Low Adherence
< 48% Adherence

.

25 ~ High Adherence
> 48% Adherence

Figure 1. CONSORT diagram illustrating participant flow from eligibility ascertainment through completion of objective adherence assessment.

Table 1 presents potential demographic, asthma, psychosocial,
and media use factors associated with adherence for the 93 par-
ticipants included in this analysis by adherence category (low vs
high). Those with low adherence differed from those with high
adherence on 3 characteristics. Those with low adherence were
older (mean age 13.4 vs 12.4 years, P=.012) and disproportionately
male (51.5% in low-adherence group vs 24% in high-adherence
group, P = .020). Those designated with high adherence had
significantly greater ICS knowledge (P < .001) than those with low
adherence.

Table 2 presents asthma control and morbidity information.
Despite all being prescribed daily ICS by their primary care physi-
cian, 84% of participants had uncontrolled asthma. Thirty-two
percent of those with low adherence vs 40% of those with high
adherence reported at least 2 asthma exacerbations requiring oral
systemic corticosteroids within the past 12 months (P = .623).
Those with high adherence were somewhat more likely than those
with low adherence to have reported at least 1 asthma-related
emergency department visit or hospitalization in the previous 12
months (75% vs 52%, P = .056).

Table 3 presents the final multivariate model results. Univariate
logistic regression analyses yielded the following variables as being
significantly associated (ie, P < .20) with low adherence: age,

gender, race, Hispanic ethnicity (yes vs no), insurance status (pri-
vate vs public), at least 2 exacerbations requiring oral systemic
corticosteroids in the past 12 months (yes vs no), received free or
subsidized school lunch (yes vs no), ICS knowledge score, and ICS
self-efficacy score. Forward stepwise selection analysis resulted in
the variables age (P = .004) and ICS knowledge (P = .01) being
entered into the model. The Hosmer-Lemeshow goodness-of-fit
test resulted in a P value of .98, indicating that the model was quite
reasonable, possessing adequate fit. This model implied that older
adolescents (odds ratio 1.739, 95% confidence interval 1.197—2.525)
with less knowledge of ICS (odds ratio 0.813, 95% confidence
interval 0.694—0.951) were more likely to have low adherence at
baseline.

Discussion

This analysis of factors potentially associated with low adher-
ence to daily ICS medication within a sample of minority adoles-
cents with persistent asthma identified older age and low
knowledge of ICS as being significant, after adjusting for other
baseline characteristics. The inverse relation between age and
adherence may appear counterintuitive. At face value, one would
think that older age would lead to high adherence to daily ICS
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Table 1
Comparison of potential factors between low-adherence vs high-adherence groups
Total (n = 93) Low adherence (<48%; n = 68) High adherence (>48%; n = 25) P value
Demographic
Age (y), mean (min, max) 13.2 (10, 16) 13.4 (11,16) 12.4 (10, 16) .012
Gender, n (%)
Male 41 (44.1) 35 (51.5) 6 (24.0) .020
Female 52 (55.9) 33 (48.5) 9 (76.0)
Ethnicity: Hispanic/Latino, n (%) 10(10.8) 8(11.8) 2 (8.0) 724
Race, n (%)
Black/African American 82 (88.1) 59 (86.8) 23 (92.0) 797
Mixed African American® 1(1.1) 1(1.5) 0(0.0)
Other 10 (10.8) 8(11.8) 2 (8.0)
Child insurance status, n (%)
Public 70 (75.3) 53(77.9) 7 (68.0) 417
Private 23 (24.7) 15 (22.1) 8(32.0)
Receive free or reduced school lunch, n (%)° 76 (84.4) 55 (82.1) 1(91.3) .505
Asthma
Asthma controller medications, n (%)
ICS monotherapy 71 (76.3) 1(75.0) 0 (80.0) .785
ICS and long-acting bronchodilator
combination therapy® 22 (23.7) 7 (25.0) 5(20.0)
Smoking behavior reported by adolescent, n (%)
Current smoker 2(2.1) 2(2.9) 0(0.0) >.999
Exposed to secondhand smoke at home 6 (6.5) 5(7.4) 1(4.0) >.999
ZAP Asthma Knowledge Instrument
Items correct (%), median (Q1, Q3) 69.2 (61.5, 74.4) 69.2 (61.6, 76.9) 66.7 (61.5, 71.8) .260
ICS Knowledge Questionnaire, median (Q1, Q3) 25.0 (23.0, 27.0) 24.0 (22.0, 26.0) 26.0 (24.0, 29.0) <.001
Psychosocial
Children’s Depression Inventory 2, n (%)
Very elevated 15 (16.1) 11 (16.2) 4 (16.0) 976
Elevated 6 (6.5) 4(5.9) 2 (8.0)
High average 11(11.8) 8(11.8) 3(12.0)
Average or lower 61 (65.6) 45 (66.2) 16 (64.0)
ICS Self-Efficacy Questionnaire, median (Q1, Q3) 53.0 (47.0, 59.0) 51.5 (46.5, 59.0) 55.0 (49.0, 60.0) .245

Abbreviations: ICS, inhaled corticosteroid; max, maximum; min, minimum; Q1, quartile 1; Q3, quartile 3.

2Self-identified as a combination of African American and another race.

bCriteria for Free and Reduced School Lunch in Chicago Public Schools, July 1, 2011 to June 30, 2012 (source: http://www.fns.usda.gov/cnd/governance/notices/iegs/IEGs11-12.

pdf).

Inhaled corticosteroid and long-acting bronchodilator: 2 participants who were taking an inhaled corticosteroid and a long-acting bronchodilator combination therapy also

were taking inhaled corticosteroid monotherapy.

medication. The findings of this study are consistent with those of a
study by McQuaid et al'” in which objectively measured adherence
decreased with age in a diverse sample of adolescents 8 to 16 years
old prescribed daily ICS medication, although older adolescents
assumed increased responsibility for medication-taking behavior.!”
In a study investigating the age at which a diverse sample of chil-
dren started taking responsibility for medication-taking behavior,
by 11 years of age children had, on average, assumed 50% of daily
asthma controller medication responsibility.” As adolescents
advance in age, asthma medication-taking responsibility transfers
from the parent or guardian to the child.? At the same time, ado-
lescents’ complacency with outcome uncertainty and drive for
instant gratification over delayed benefits may contribute to non-
adherence to daily ICS.®

Increasing asthma knowledge and knowledge of ICS are national
asthma treatment guideline goals,!" a primary or key secondary
outcome of asthma studies in urban minority children and ado-
lescents,”>?* and an important element of the clinician—patient

encounter. The association of poor knowledge of ICS with low
adherence is not surprising and suggests sustained and increased
efforts to educate adolescent asthma patients about ICS are needed.

This study has several important limitations. Minority sta-
tus, 314172526 parental attitudes,”’ and family dysfunction'#?® also
have been associated with low adherence but were not examined in
this study. All participants belonged to a minority group as part of
the study inclusion criteria, and thus there is no comparison of
adherence between minority and nonminority adolescents.
Because the study included predominantly African American
compared with Hispanic adolescents, the findings may not be
generalizable to a Hispanic population. Parental attitudes and
family dysfunction were not directly measured, because this study
focused on the adolescent only and did not intervene at the family
level. This was done purposefully because adolescence is the key
developmental stage when lifelong health behaviors and coping
skills are developed,?*~>! and more interventions directly targeting
the adolescent are needed. However, the authors may rethink their

Table 2
Asthma control and morbidity

Total (n = 93) Low adherence (<48%; n = 68) High adherence (>48%; n = 25) P value
Uncontrolled asthma, n (%)* 78 (83.9) 6 (82.4) 22 (88.0) 752
Asthma exacerbation in previous 12 mo
>2 requiring oral systemic corticosteroids, n (%) 32 (34.4) 2 (324) 10 (40.0) .623
>1 requiring emergency department visit or 53 (57.6) 5(51.5) 18 (75.0) .056

hospitalization, n (%)

2Asthma control was assessed by participant self-report to questions developed based on the National Institutes of Health Expert Panel Report 3 guideline on impairment and

risk domains.'"
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Table 3

Final multivariate model for predictors of low adherence

Factor OR 95% CI

Age 1.739 1.197-2.525
ICS knowledge 0.813 0.694—-0.951

Abbreviations: CI, confidence interval; ICS, inhaled corticosteroid; OR, odds ratio.

approach and, while continuing to focus on the adolescent, seek
parent or guardian involvement in future studies.

Neither poverty'® nor depression,*>~>* which have been associ-
ated with low adherence to asthma controller medications in
adolescents in prior studies, demonstrated a significant association
with low adherence in this study. Public insurance status and receipt
of free or subsidized school lunches were used as indicators of
poverty. In the high-adherence group, 68% had public insurance and
91% received free or subsidized school lunch. In the low-adherence
group, 78% had public insurance and 82% received free or subsi-
dized school lunch. Although this study was successful in targeting
recruitment of disadvantaged minority adolescents, the lack of
income diversity in this sample may have precluded the authors from
discerning an association between poverty and adherence.

In contrast to prior research, this study measured depression at
only 1 point in time, and only measured it in the adolescent, rather
than in the child and caregiver. Future studies would benefit from
gathering data on the child’s mood at the time of depression
instrument completion and at the time of medication-taking
behavior (or lack thereof) through ecologic momentary assess-
ment and assessing caregiver depression. Individuals may be more
likely to report symptoms of depression and not adhere to medi-
cation at times of a distressed emotional state.”® Although not
assessed in this study, caregiver depression has been associated
with poor adherence to ICS in low-income minority adolescents
with asthma.>® The relation between adolescent, parental, and
adolescent and parental depression and adherence to ICS merits
further investigation.

A major strength of this study is the objective measurement of
adherence data. Pediatric studies using self-report and objective
measurements to capture adherence to ICS have reported signifi-
cant overestimation of adherence by the former approach.'®%%" It
is crucial to have accurate adherence data to draw reliable con-
clusions between levels of adherence and potentially associated
factors.

In conclusion, this study makes important research and clinical
contributions by demonstrating an association between low
objectively measured adherence to ICS with older age and poor
knowledge of ICS in urban minority adolescents. It is important
for researchers and clinicians not to assume that increased
responsibility for medication-taking behavior in adolescents
translates to greater adherence to ICS medication.!” The present
findings promote efforts to sustain and expand asthma education in
minority adolescents to increase their controller medication-taking
behavior.!?42>
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