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ABSTRACT

Objectives: To compare the abilities of teens with uncontrolled persistent asthma and their
caregivers to identify inhaled medications and state correct indications for use; examine
medication responsibility within dyads; and determine whether responsibility is associated with
knowledge about inhaled therapies.

Design/Methods: In the baseline survey for the School-Based Asthma Care for Teens (SB-ACT)
trial, we separately asked caregivers and teens to: 1) identify the teen’s inhaled asthma therapies
by name and from a picture chart (complete matches considered “concordant™); 2) describe
indications of use for each medication; 3) describe the allocation of responsibility for medication
use within dyads. We limited analyses to dyads in which either member reported at least one
rescue and one inhaled controller medication; we used McNemar and Pearson chi-square tests.
Results: 136 dyads were analyzed. More caregivers than teens concordantly identified
medications (63% vs 31%, p<0.001). There was no difference between caregivers and teens in
the ability to state correct indications for use (56% vs 54%, p=0.79). More teens than caregivers
endorsed “full teen responsibility”” for rescue medication (65% vs 27%, P<0.001) and controller
medication use (50% vs 15%, P<0.001). Neither concordant identification nor knowing
indications for use were associated with reported medication responsibility.

Conclusion(s): Medication responsibility within dyads of caregivers and teens with persistent
asthma is not associated with knowledge about inhaled therapies. Targeting both members of the
dyad with education and self-management strategies before responsibility transitions start may
allow providers to avoid a missed opportunity to support these emerging stakeholders to

adherence.
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WHAT’S NEW
Adolescents with persistent asthma develop increasing responsibility for medication
use.® This study indicates that caregiver and teen knowledge about inhaled medications is

suboptimal, and is not associated with the level of teen responsibility for medication use.

INTRODUCTION

More than eight percent of children in the United States under the age of 18 years are
diagnosed with asthma,® one of the most common chronic diseases of childhood. The
prevalence of pediatric asthma is higher among poor, minority, and urban children, who also
bear a disproportionate burden of preventable asthma-related morbidity including hospitalization,
emergency department visits, and missed days of school.®® Persistent asthma can be controlled
in most children through daily use of controller medications such as inhaled corticosteroids
(1CS).® Despite this, preventable morbidity levels remain high,® in part because of poor
adherence with effective controller medications.”

Children with persistent asthma only use around half of all prescribed controller
medication doses,® comparable with adherence rates observed among adults managing other
chronic diseases.® Poor, minority, and urban children are at increased risk of non-adherence.®
10 Adolescents are also at particular risk of poor adherence as they develop an independence that
extends to how they perceive and manage asthma.*” Among older teens, only about 25% of
controller medication doses are used as prescribed.® This drop in teen adherence coincides with
increasing responsibility for medication use.

As children with persistent asthma get older, the responsibility for using inhaled

medication gradually transfers from caregiver to child.r) The American Academy of Pediatrics
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(AAP) statement on health care transition®) recommends that providers start working to
promote youth self-management by age 14, or sooner if appropriate on an individual basis.
However, most families are not waiting until age 14 before transitioning responsibility. In fact,
children share half of the responsibility for using controller medications by age 11 and have
more responsibility than caregivers after age 13.Y) While many providers are following
recommendations to discuss increasing teen responsibility for health care among children ages
12-17 years old,® they risk missing important opportunities to engage early adolescents about
the asthma care responsibilities they may already be assuming. Clinical discussions of
medication management are often directed solely or primarily at caregivers,** raising the
question of whether teens are being adequately prepared to independently succeed in adherence
behaviors.

The model of medication self-management*® offers a useful framework for determining
what medication knowledge and skills are necessary for adherence. After filling prescriptions,
patients need to have a basic understanding of their medications in order to use them
appropriately. Bailey defines medication understanding as the abilities “to name, identify, and
understand how to take medications.”™ Prior work indicates that age and developmental level
may influence a child’s understanding of asthma medications, with younger children more likely
to identify medications by describing physical characteristics (vs. name) and less likely to

(6. 17) 1t is not clear whether children attain sufficient

differentiate between categories of therapy.
understanding of medications prior to assuming responsibility for medication self-management.
One study identified an association between medication responsibility and general disease
knowledge among children with asthma,® while another study found no association between

responsibility for anti-retroviral use and regimen knowledge among children with HIV.®
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Specifically, it is unclear whether adolescents know which inhaled asthma medicines to use or
when to use them by the time they are fully responsible for medication self-management.

We aimed to better understand the caregiver/teen dynamic around the knowledge of and
responsibility for asthma medication use, in order to help providers educate and prepare
adolescents to succeed in self-management. This study had three objectives: to compare within
dyads of teens with uncontrolled persistent asthma and their caregivers the abilities to identify
inhaled medications and state correct indications for use; to examine responsibility for using
inhaled medications within caregiver/teen dyads; and to determine whether responsibility is

associated with knowledge about inhaled therapies.

METHODS
Settings and Participants

All data are drawn from the School-Based Asthma Care for Teens (SB-ACT) trial
underway in Rochester, NY. SB-ACT is a randomized controlled trial designed to promote
adherence with preventive medications among urban teens with uncontrolled persistent asthma.
We analyzed data from baseline surveys administered in the home during the first 2 years of the
study.

Eligibility criteria for inclusion in the SB-ACT trial included a child age between 12-15
years, a physician diagnosis of asthma, persistent asthma symptoms/poorly controlled asthma
based on caregiver report of symptoms, and attendance at a partner school within the Rochester,
NY metropolitan area. Exclusion criteria included an inability of participants to speak or
understand English, lack of access to a working phone for follow-up assessments, or if the child
had another significant medical condition that could interfere with asthma assessment (e.g.

congenital heart disease, cystic fibrosis, or another chronic lung disease). We limited inclusion
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into the current analysis to dyads in which either the caregiver or the teen reported teen use of at
least one rescue and one inhaled controller medication. This decision was based on an
assumption that differentiating between asthma medications would be more challenging when
more than one class of inhaled medication is prescribed.

Written informed consent was obtained from all caregivers; teens provided verbal (12
year olds) or written (13-15 year olds) assent. Participating families were compensated for the
time required to complete the baseline survey with a $50 grocery store gift card. The study

protocol was approved by the institutional review board of the University of Rochester.

Measures

In the baseline survey, we asked caregivers and teens separately to identify all inhaled
medications used by the teen; describe indications for use of each medication; and describe the
responsibility for medication use within dyads. Further details for each of these measures are

provided below. Caregivers additionally provided demographic information.

Concordant ldentification

Both the teen and the caregiver individually named the teen’s inhaled asthma
medications; no descriptions of medication function or examples of medication names were
provided by research staff. As our objectives focus on inhaled medications, non-inhaled asthma
therapy (i.e. leukotriene receptor antagonists) and adjuvant asthma therapies (i.e. allergic rhinitis
medication) were not included in this assessment. Next, respondents selected the teen’s
medications on a pictorial chart printed in color with visible medication names removed. We

compared the provided medication names with the images selected from the chart. For individual
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respondents, we defined concordant identification as completely matching all reported
medication names and images (yes/no).

Both generic and trade names were accepted responses, though subject to different
interpretation. A generic medication name (i.e., “albuterol”) was considered to be an acceptable
match for any albuterol preparation on the chart. Respondents providing trade names had to
select the same trade product on the chart to be considered concordant. Most physical descriptors
(e.g. device color) were not accepted as medication names when determining concordance.
Patient reliance on physical descriptors to identify medication has been associated with worse
outcomes,“® and the lack of standardized actuator color among inhaled asthma medications
makes physical descriptors a potentially unreliable method of identification that risks
patient/provider miscommunication. The one exception to our approach was nebulizer machines:
although vials of albuterol solution were included on the chart, there was no picture of the
nebulizer delivery device. Any respondent who included “nebulizer” or “machine” as a
medication name was accordingly not penalized for failing to select the albuterol solution; for
these few subjects, the determination of concordance was made without consideration of the
nebulized medications. A similar consideration was made for the few respondents who named
Pulmicort™, as only nebulized albuterol solution was included on the chart.

It is important to note that we did not compare reported medications with prescription
data from electronic medical records or pharmacy reports, as it was not our intent to determine
whether respondents were accurate. Our goal was to examine the practical ability of respondents

to identify and state indications of use for medications that the teen routinely uses.

Correct Indications for Use
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To examine whether caregivers and teens understood correct indications for use of
inhaled medications, we posed two close-ended questions about each identified medication. First,
we asked when each medication is supposed to be used (i.e. “only as needed,” “every day,” or
“other”). This question was intended to assess knowledge of medication use as prescribed by
clinicians, not adherence or deviation from prescribed use. Next, we asked how each inhaled
medication works (i.e. “quick relief of current symptoms,” “prevention of future symptoms,” or
“other”). We defined correct indications for use as a dichotomized (yes/no) variable, with
respondents needing to provide accurate indications on both of the above items for all identified
medications.

For rescue medications, respondents were correct when identifying use “only as needed”
for “quick relief of symptoms.” We also accepted “prevention of future symptoms” as a
mechanism of action if paired with “only as needed”, as many teens are instructed to use
albuterol before gym class/strenuous physical activity to prevent asthma symptoms. Correct in
controller medication use was defined as “every day” use for “prevention of future symptoms.”
A small number of respondents specified controller medication use “only as needed” with URI
symptomes; as this practice is endorsed by some clinicians, the response was accepted if specified

under “other” time for use and paired with “prevention of future symptoms.”

Responsibility for Medication Use

The baseline survey contained a 9 item scale of home asthma management tasks,
including getting medication refills, avoiding triggers, and deciding when to seek asthma-related
medical care. This instrument was adapted from use in previous studies of adolescent

responsibility in pediatric asthma®® and type 1 diabetes.*? Although prior works have analyzed
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similar scales using summed scores, we chose to focus on two direct management items from
this scale: deciding when to take as-needed (rescue) medication, and remembering to take every
day (controller) medication. Three response options were available for each task: the
parent/caregiver takes responsibility almost all of the time (e.g. “full caregiver responsibility”);
the parent/caregiver and teen share responsibility about equally (e.g. “shared responsibility”); or,

the teen takes responsibility almost all of the time (e.g. “full teen responsibility”).

Analysis

We first examined concordant identification and correct indications for use. Each
measure of medication knowledge was evaluated both within dyads (comparing paired caregiver
and teen knowledge) and between dyads (comparing knowledge among all caregivers or all
teens). For caregiver and teen subgroups, concordant identification was additionally compared

with the ability to state correct indications for use.

Next, we examined whether medication knowledge among caregivers and teens varied
based on the reported level of teen responsibility. Answers to the responsibility questions were
dichotomized: we compared “full teen responsibility” with a combination of “shared/full
caregiver responsibility.” Two sets of analyses were performed, first using caregiver responses to
responsibility questions and then using teen responses. In each set of analyses, we explored
whether concordant identification or correct indications for medication use were significantly

associated with “full teen responsibility,” for either rescue or controller medications.

Finally, we conducted sensitivity analyses with re-categorized responsibility variables. In
one set of analyses, we compared “shared/full teen responsibility” with “full caregiver

responsibility” to examine whether the presence of any teen responsibility was associated with
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concordant identification or correct indications for use; in a separate set of analyses, answers to

responsibility questions were left ungrouped in order to test for an overall trend.

All analyses were performed using STATA (version 12.0). We used descriptive statistics
for demographic data, and bivariate analyses for comparisons between concordant identification,
correct indications for use, and medication responsibility. Specifically, we used McNemar chi-
square tests for within-dyad comparisons (i.e., concordant identification, indications for use,
responsibility for medication use) and Pearson chi-square tests for between-dyad comparisons
(i.e., concordant identification vs indications for use, responsibility for use vs medication
knowledge). McNemar exact P values were used for instances of small cell sizes. A 2-sided

alpha <0.05 was considered statistically significant.

RESULTS
Participants

We enrolled 176 dyads during the first two years of SB-ACT from November 2014
through December 2016 (enrollment rate 79% of 223 eligible children). Teen use of at least one
rescue and one controller medication was reported by either the caregiver or the teen in 136
dyads (77% of enrollees). The overall sample for this analysis was 54% male, 60% Black, and
35% Hispanic; the average age of enrolled children was 13.6 years, and a majority (79%) were

enrolled in public health insurance (Table 1).

Measures

Concordant ldentification

10
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Caregivers were twice as likely as teens to provide medication names that matched
perfectly with the images they selected (63% vs. 31%, p < 0.001); teens were significantly more
likely to concordantly identify medications if they had a caregiver who concordantly identified
medications. Part of this discrepancy may be due to a difference observed in the way that
caregivers and teens identified medications: when asked to name medications, teens were
significantly more likely than caregivers to provide a color description (e.g. “orange inhaler”)

instead of a medication name (34% vs. 4%, p < 0.001).

Correct Indications for Use

Slightly more than half of all participants were able to state correct indications for
medication use, with no difference in accuracy observed between caregivers and teens (56% vs.
54%, p = 0.79). It is worth noting that over 40% of all respondents could not correctly state

indications for use of the medications they identified.

Comparing Concordant Identification with Correct Indications for use

Concordant identification of medications was significantly associated with the ability to
state correct indications for use both caregivers (OR 5.25, 95% CI: 2.70-12.22) and teens (OR
3.02, 95% ClI: 1.52-6.02) (Table 2). Compared with teens who described one or more device
colors when asked to name medications, teens who only provided medication names were

significantly more likely to state correct indications for use (OR 2.67, 95% CI: 1.39-5.13).

Responsibility for Medication Use: Rescue Medications

11
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A smaller subject pool of 127 dyads was used for analyses of medication responsibility
due to missing data for responsibility questions in the baseline survey. Importantly, no
meaningful differences in baseline characteristics/demographics were identified in this group in
comparison to the larger group of 136 dyads.

Caregivers were significantly less likely than teens to endorse that the teen was fully
responsible for using rescue medication (27% vs. 65%, p < 0.001) (Figure 1a). We found no
differences in either concordant identification or correct indications for use, for either caregivers
or teens, based on caregiver reported responsibility for rescue medication use (Figure 1b).
Analyses using teen report of responsibility similarly did not reveal any significant differences in

caregiver or teen knowledge of inhaled medications based on level of responsibility (Figure 1c).

Responsibility for Medication Use: Controller Medications

Caregivers were less likely than teens to endorse “full teen responsibility” for controller
medications use (15% vs. 50%, p < 0.001) (Figure 2a). We again used caregiver and teen report
of responsibility in separate analyses to determine whether concordant identification or correct
indications for use varied by level of teen responsibility. In both sets of analyses, “full teen
responsibility” was not significantly associated with knowledge of inhaled medications among

either caregivers or teens (Figures 2b and 2c).

Responsibility for Medication Use: Sensitivity Analyses
All analyses detailed in the two sections above were repeated with reframed
responsibility outcomes. When we compared “shared/full teen responsibility” with “full

caregiver responsibility,” or left answers to responsibility questions ungrouped, no significant

12
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associations or trends between responsibility and either concordant identification or correct

indications for use were identified (data not shown).

DISCUSSION

Caregivers were better than teens at identifying inhaled asthma medications by providing
names that matched selected pictures. Teens were more likely to identify medications by device
color when asked to provide names. This observational finding adds to previous literature
suggesting developmental differences in the way children identify asthma medications.®® ")
There were no differences between caregivers and teens in their abilities to describe correct
indications for medication use, and it is notable that more than 40% of all respondents (teen and
caregiver alike) were unable to state correct indications for the very medications they identified.

While teens were more likely to endorse full personal responsibility for both rescue and
controller medication use, “full teen responsibility” was not associated with identification or
knowledge of correct indications for use. These findings indicate that medication knowledge is
not a necessary precursor to teenage responsibility for medication use. It appears that many teens
are assuming responsibility for medication self-management without understanding what the
medications are or how they should be used. This represents a significant barrier to self-
management in this population, and may be related to preventable morbidity.

Managing pediatric asthma during adolescence presents an evolving challenge for teens,
caregivers, and providers. Adolescents gain responsibility for medication use as they get older,
while caregiver responsibility diminishes.?) Clinic-based asthma education®*?* and self-
management support® can improve pediatric asthma outcomes, particularly if children are

involved.® While one study found that caregiver knowledge of asthma was associated with
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increased hospital readmissions, ®® knowledge about chronic disease is considered necessary (if
not sufficient) for self-management behaviors among adolescents.®” Knowledge about controller
medications in particular has been linked with adherence among adolescents,®® and adherence
improves when adolescents are directly involved in medication planning.*® Unfortunately,
conversations about medications are typically directed at caregivers, with children and
adolescents often largely excluded from vital management discussions.™® Not engaging children
and adolescents about asthma medications represents a missed opportunity for high quality
asthma care, and opens to speculation the sources of information about asthma medications that
teens use during this important transitional period.

Prior work on dyadic asthma management found that caregivers and children/teens often
perform management tasks independently and are not influenced by each other’s asthma
knowledge.®® The present findings expand on this conclusion, with no observed association
between medication knowledge and responsibility within dyads. It should be noted that
caregivers are often excluded from clinical decisions about asthma management as well, ¥ and
important information about new prescriptions (e.g., medication names, indications for use) may
not be conveyed by the provider.®? Efforts to improve medication knowledge by involving
pediatric patients and caregivers will need to ensure consistent delivery of high quality, patient-
centered asthma education, and mastery of the content should be assessed at each visit.

Additional studies will be necessary to determine the clinical implications of our finding
that teen knowledge of medications is not associated with responsibility. Caregiver difficulty in
identifying inhaled asthma medications used by children (3-10 years) with persistent asthma is
associated with a significantly greater symptom burden,®® while caregiver misunderstanding

about indications for controller medication use is associated with poor adherence.®¥ It is unclear

14
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whether medication knowledge among teens or dyads is similarly associated with adherence or
control. Any such work should incorporate responsibility for routine use: discrepancies in
allocated responsibility for medication use have been associated with poor adherence in pediatric
HIV,“® while dyadic agreement on responsibility sharing has been associated with improved
glycemic control in juvenile diabetes.®® Future studies should explore whether dyadic
knowledge of medications and responsibility sharing are associated with morbidity indicators
(e.g., acute care utilization) among young teens with persistent asthma.

Our analyses are subject to several limitations. Findings from this one group of high-risk
adolescents with uncontrolled persistent asthma may not be generalizable to all pediatric
populations with asthma, including families from different economic or racial/ethnic
backgrounds. The measures for concordant identification and correct indications for use have not
been independently validated and should be tested further, with separate assessments of rescue
and controller medication knowledge. Future work on medication knowledge may benefit from
comparisons with prescription records and an assessment of respondent “accuracy,” with the
caveat that accuracy assessments present separate challenges. Outpatient medication lists may
include prescriptions no longer used by patients, exclude prescriptions started in acute care
settings, and fail to capture pharmacy-level changes that accommodate insurance formulary
requirements. These points are salient to our community-based sample that was enrolled
regardless of contact with the healthcare system. Further, many prescriptions (including asthma
medications) are never filled, limiting the practical knowledge of those medications among
respondents. Pharmacy records could allow for a determination of filled prescriptions, but would
not capture patient use of family medications. Accuracy comparisons may reflect provider

expectations for management, however, and so merit future assessment.
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The two measures of medication responsibility have also not been independently
validated, although they were based on prior tools to assess responsibility for chronic illness
care.> 2 Finally, there is a potential for social desirability bias among respondents when
describing responsibility: both caregivers and teens might overestimate their personal degree of
responsibility. While this may partially explain the lack of association between “full teen
responsibility” and medication knowledge when reported by teenagers, social desirability bias
would be less likely to explain the lack of association when “full teen responsibility” was
reported by caregivers.

In summary, we found that many caregivers and teens with uncontrolled persistent
asthma experienced difficulty with identifying inhaled medications and stating correct
indications for use, regardless of which member of the dyad assumed primary responsibility for
the medications. Healthcare providers who wait until the middle adolescent years before directly
discussing asthma self-management with teens risk missing opportunities to engage with the key
stakeholders to adherence. Targeting both members of the dyad with education and self-
management strategies before responsibility transitions start will likely help empower teens with

a stronger foundation for life-long disease management.
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ACCEPTED MANUSCRIPT

Figure 1. Responsibility and Knowledge of Inhaled Rescue Medications
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Figure 2. Responsibility and Knowledge of Inhaled Controller Medications
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Table 1. Baseline Characteristics

All Subjects
(n =136)
Teen Demographics
Age (mean, SD) 13.6 (1.0)

Gender
Male
Female
Race
White
Black
Other
Hispanic Ethnicity
Insurance Coverage
Public
Private
Other

Caregiver Demographics
Age (mean, SD)
Gender
Male
Female
Marital Status

Single/Separated/Divorced/Widowed
Domestic Partner/Married
Education Level
High School Graduate or Less
Beyond High School
Primary Language Spoken at Home
English
Spanish

73 (53.7%)
63 (46.3%)

11 (8.1%)
81 (59.6%)
44 (32.3%)
47 (34.6%)

107 (78.7%)
26 (19.1%)
3 (2.2%)

40.6 (8.3)

14 (10.3%)
122 (89.7%)

107 (78.7%)
29 (21.3%)

86 (63.2%)
50 (36.8%)

116 (85.3%)
20 (14.7%)
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ACCEPTED MANUSCRIPT

Table 2. Concordant Identification vs Indications for Use

Correct Indications for Use
Concordant Identification No Yes P-value
Teen No | 51 (81%) | 43 (58%) | 0.004
Yes | 12 (19%) | 31 (42%)

Caregiver No | 35(58%) | 16 (21%) | <0.001
Yes | 25 (42%) | 61 (79%)
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