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Abstract

Background: Inner-city, minority children with asthma have the highest rates of morbidity and death from asthma and the
lowest rates of asthma controller medication adherence. Some recent el ectronic medication monitoring interventions demonstrated
dramatic improvements in adherence in lower-risk populations. The feasibility and acceptability of such an intervention in the
highest-risk children with asthma has not been studied.

Objective:  Our objective was to assess the feasibility and acceptability of a community health worker-delivered electronic
adherence monitoring intervention among the highest utilizers of acute asthma care in an inner-city practice.

Methods: Thiswas a prospective cohort pilot study targeting children with the highest frequency of asthma-related emergency
department and hospital care within a local managed care Medicaid plan. The 3-month intervention included motivational
interviewing, electronic monitoring of controller and rescueinhaler use, and outreach by acommunity health worker for predefined
medication alerts. We measured acceptability by using a modified technology acceptability model and changesin asthma control
using the Asthma Control Test (ACT). Given prominent feasibility issues, we describe qualitative patterns of medication use at
baseline only.

Results: We enrolled 14 non-Hispanic black children with a median age of 3.5 years. Participants averaged 7.8 emergency or
hospital visits in the year preceding enroliment. We observed three distinct patterns of baseline controller use: 4 patients
demonstrated sustained use, 5 patients had periodic use, and 5 patients lapsed within 2 weeks. All participantsinitiated use of the
electronic devices; however, no modem signal was transmitted for 5 or the 14 participants after amean of 45 days. Of the 9 (64%
of total) caregiverswho completed thefinal study visit, all viewed the electronic monitoring device favorably and would recommend
it to friends, and 5 (56%) believed that the device helped to improve asthma control. ACT scores improved by a mean of 2.7
points (P=.05) over the 3-month intervention.

Conclusions:  High-utilizer, minority families who completed a community health worker-delivered electronic adherence
intervention found it generally acceptable. Prominent feasibility concerns, however, such asrecruitment, datatransmission failure,
and lost devices, should be carefully considered when designing interventionsin this setting.
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Introduction

Inner-city children with asthma experience high morbidity and
mortality from persistent asthma [1-3]. Compared with their
white counterparts, non-Hispanic black children havefour times
the rate of asthma-related emergency department visits, three
times the rate of hospitalization, and five times the mortality.
These disparities in adverse asthma outcomes have persisted
over time despite advances in treatment [4].

Inhaled corticosteroids (ICS) remain the mainstay of therapy
for persistent asthma [5]. However, suboptimal adherence to
ICSregimensisamajor barrier to achieving asthmacontrol [6].
Self-reported adherence is unreliable and consistently
overestimates medication use[7,8]. Actual |CS adherencerates
measured using el ectronic monitoring in clinical studiesarelow
for both adultsand children [9-11]. Poor adherenceto controller
regimensis associated with poor asthmacontrol [12], increased
utilization of emergency and hospital care [13,14], and higher
mortality from asthma [15,16]. Urban minority youth in
particular demonstrate some of the lowest rates of adherence,
ranging from 11% to 45% of prescribed doses[11,17-19]. Better
strategiesto improve adherence are needed to engage this patient
population, especially for those experiencing high levels of
asthma morbidity. In this setting, interventions involving
community health workers have demonstrated great promise
[20-22].

Electronic monitoring is a strategy used in avariety of settings
to measure and increase medication adherence among patients
with chronic conditions [23-26]. Studies in adults with asthma
have shown that el ectronic monitoring interventions can increase
adherence to ICS regimens [27-29]. In the few pilot studies of
electronic monitoring interventions done in children, behavior
modification strategies that included direct feedback about
electronically monitored adherence were thought to be critical
components of the strategies' success [30-34]. Motivational
interviewing is a behavior modification strategy that has also
been shown to improve medication adherence [35,36], and it
hel ps addressbarriersto adherence such as parental beliefs about
medications [37]. Thus far, electronic monitoring studies have
not focused on the highest utilizers of emergency and hospital
care among inner-city, minority children with asthma. By
targeting this highest-risk group, an electronic adherence
intervention could have a greater impact on health care
utilization, cost of care, health disparities, and quality of life
[38].

In this study, we sought to assess the acceptability and feasibility
of an intervention that combined the community health worker
strength of family engagement and the technologic benefits of
electronic medication monitoring in a high morbidity patient
cohort. Prior to developing large-scale trials, we posited that
first exploring acceptability and feasibility issues in this
high-risk population would be critical, especially given the
complex social, economic, and cultural factors. In this study,
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we sought to assess caregiver attitudes toward monitoring and
ease of use of the devices, as well as acceptable modes and
frequency of feedback, in the families of children with the
highest health care utilization for asthma.

Methods

We conducted a single-center, prospective cohort study of
children with moderate to severe persistent asthmato assessthe
feasibility of alarger-scale intervention to improve adherence
to asthma medications. The protocol for the conduct of this
study was approved by The Children’s Hospital of Philadelphia
Institutional Review Board.

Study Participants

Eligible participants were children aged 3 through 16 yearswho
received their primary care at an academic primary care clinic
in West Philadel phia affiliated with The Children’s Hospital of
Philadelphia, Philadelphia, PA, USA. Additional inclusion
criteriawere 1) enrollment in alocal Medicaid managed care
plan (Keystone First, Philadelphia, PA, USA), and 2)
identification as a “high utilizer” of hospital and emergency
services for asthma. For the purposes of this study, we defined
a high utilizer as a patient whose frequency of emergency
department and hospital use for asthma-related reasons wasin
thetop 50 in the year preceding the study. Our target enrollment
was 15 to 20 patients for this feasibility study. Patients were
excluded from the study if they were =17 years of age, or had
congenital heart disease, neurologic disorders, cystic fibrosis,
or other chronic respiratory conditions and structural
abnormalities of the upper or lower airway. Children younger
than 3 years were excluded, as other wheezing illnesses may
confound the diagnosis of asthmain this age group.

Recruitment

We identified 50 potentially eligible participants using health
insurance claims for the preceding year provided by the
Medicaid managed care organization. An asthma navigator (a
community health worker with background expertise and
training in the care of children and families with asthma)
contacted eligible families sequentially until 20 patients were
scheduled for aninitial visit. A total of 15 patientshad aninitial
visit and 14 were enrolled in the study.

Intervention

The study intervention included 1) motivational interviewing,
2) electronic monitoring of adherence to prescribed inhaler
regimens (controller and rescue medications), and 3) outreach
by the asthma navigator based on specific, predefined inhaler
use criteria.

Prior to study participant enrollment, study staff members
(including the asthma navigator and the study physicians)
received two training sessions in motivational interviewing by
experts experienced in this technique. These sessionsincluded
lectures, videos, role play of modeled behaviors, and feedback.

JMIR Res Protoc 2016 | vol. 5 |iss. 2 | e132 | p. 2
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS

Participant familieswere asked to list their three primary barriers
to medication adherence at the initial study visit; these barriers
were addressed using motivational interviewing techniques by
the asthma navigator and, if necessary, a study physician (CK,
JC, SW, or JF). Examplesof such barrierswere not remembering
to take medications, concerns about ICS side effects, and
perceptions about the severity of the child’s asthmathat differed
from the perceptions of the child's clinical team. Counseling
techniques for the initial visit and follow-up calls were based
on strategies outlined in a review of brief motivational
interviewing for asthma medication adherence by Borrelli et a
[39]. To ensurefidelity of delivery, the research team devel oped
prompts to standardize the initial portion of the telephone
encounters and participated in intermittent direct observation
of counseling by the asthma navigator.

Each family received SmartTouch (Adherium, Auckland, New
Zealand) electronic monitoring devices for both the controller
and rescue medication. SmartTouch monitors are electronic
adherence monitors that can be affixed to the exterior of
patients' inhalers. Previous versions of these devices have shown
both good reliability and validity in monitoring daily inhaler
use[38]. Study staff affixed these devicesto participants' rescue
and controller inhalers. In the case that participantsdid not bring
their inhalers to the first study visit or had less than a month’s
supply remaining, we provided participants with new rescue
(albuterol) and controller inhalers (fluticasone or
fluticasone-salmeterol) to ensure availability. The electronic
devices transmitted inhaler usage information to a cellular
modem in the home, which we also provided. Medication usage
data were then uploaded to a US Food and Drug
Administration-approved, Health Insurance Portability and
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Accountability Act-compliant website [50]. Medication usage
alerts were registered for overuse of rescue medications and
underuse or overuse of controller medications at predetermined
frequencies (Figure 1). Familieswere encouraged at enrollment
totaketheir controller medications as directed by their primary
care doctor and to continue with daily and rescue asthma care
asthey usually would. We provided them with chargers for the
devices, and instructed them on how to monitor battery lifeand
to charge the devices when battery life was low (indicated by
ared light).

The asthma navigator and a study physician (CK) actively
monitored the electronic monitoring website for medication
alerts. The asthma navigator contacted families after the initial
study visit to ensure the study modem was connected and that
the system was transmitting inhaler usage datato the monitoring
website. Study staff made no subsequent contact with families
for thefirst month to allow participants medication use patterns
to return to their baseline. After this observation period and for
the subsequent 2 months, when alerts were triggered for
controller medication underuse, the asthma navigator contacted
families and used motivational interviewing techniques to
address suboptimal adherence. The asthmanavigator monitored
the site daily, except on weekends. For those with persistent
daily alerts beyond 2 consecutive days, calls were attempted
twice weekly. In the case of rescue medication overuse, the
family wasinstructed to call the clinic triage nurse to determine
whether a clinic appointment was needed for an asthma
exacerbation. We provided basic cell phones with unlimited
minutes and text messaging to families to facilitate
communication with study staff during the study period.

Figure 1. Thresholds for asthma medication alerts (based on controller schedule of 2 puffs twice aday).

puffs per day for| 3
or
puffs per day for| 3

puffs per day for| 3

or

Controller Underuse  Lessthan| 3
Less than| 2

Rescue Overuse More than | 4
More than| g

puffs per day for|

days out of| 5

consecutive days

days out of | 5

1 consecutive day

Outcomes

The primary outcomes for this study were acceptability and
feasibility. To measure acceptance of the el ectronic monitoring
technology, we assessed the perceived ease of use, result
demonstrability, and perceived usefulness of the new technology
using these subscal es from the previously validated technology
acceptance model instrument [40,41]. For our evaluation of
feasibility, we assessed the functionality of the technology,
initiation and duration of use of the electronic monitors by the
caregivers of study participants, and the ability to contact study
participants in response to adherence alerts.

http://www.researchprotocols.org/2016/2/€132/

Secondary outcomes were asthma control and daily adherence.
We assessed parental perception of asthma control with the
Asthma Control Test (ACT) [42]. An ACT score of <19 is
consistent with uncontrolled asthma. ACT questionnaireswere
completed by participantswith the asthmanavigator at theinitial
visit and follow-up visit, and scores were recorded for
comparison at the end of the study. Daily adherence was
captured using the el ectronic monitoring devices.

Analysis
We used descriptive statistics to characterize study participants

demographic composition, prior health care utilization, and
responses to the modified technology acceptance model
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guestionnaire. We identified qualitative patterns of daily
controller use in the month preceding asthma navigator contact
with the family based on two criteria: the percentage of daysin
the observation window with controller actuations; and runs of
consecutive days with controller actuations (see Patterns
subsection of Results section). We used both paired t tests and
Wilcoxon signed rank sum test to compare ACT scores at the
start of the study with scores at the completion of the study
based on the assumption of the datawith and without normality.
The American Thoracic Society suggests that the minimally
clinically significant ACT score change is 3 points [43].

Table 1. Participant characteristics (n=14).

Kenyon et al

Results

Of the 50 highest utilizers of emergency asthma care, we
enrolled 14 patients for this study, of whom 6 (43%) were
female. Their median age was 3.5 years (range 3-9), and all
families identified their race as non-Hispanic black. Enrolled
participants had a mean of 7.8 (range 5-15) combined
emergency visitsand hospitalizationsin the preceding year, and
the mean ACT score at the first visit was 15.9 (range 9-24)
(Table 1).

Characteristics

Median (range) or n (%)

Agein years, median (range)
Female, n (%)
Race/ethnicity non-Hispanic black, n (%)
Prior emergency visits and hospitalizations, mean (range)
Asthma Control Test score, mean (range)
Baseline adherence pattern, n (%)
Sustained
Periodic
Lapsed

35(3-9)
6(43)

14 (100)
7.8 (5-15)
15.9 (9-24)

4 (29)
5 (36)
5 (36)

Baseline Patterns

We identified distinct patterns of controller use over the first
30 days of the study interval (Figure 2): 4 patients had sustained

use (>50% of days with use and <7 consecutive days of missed
doses), 5 patients had periodic use (<50% of dayswith usewith
>7 consecutive dayswith no use), and 5 patients had lapsed use
(<50% of days with use and no return of use after 14 days).

Figure 2. Patterns of asthma controller and rescue medication use in the first 30 days of the study. | D#: participant identification number.

ID# [Day| 1 2| 3| 4| 5| 6] 7| 8] 9/10{11}12{13|14)15

16

17|18)19|20|21|22|23|24|25|26(27|28|29|30|* Pattern

9

5

Sustained

12

4

2

L |

10

Periodic

8

13

6

14

11

Lapsed

i -

3 [ 1

used only controller

used controller and rescue
used only rescue

* use continues/returns after 30 days

Acceptability

Of the 14 caregivers, 9 (64%) completed the modified
technology acceptance model questionnaire at the final study
visit. All 9 found the electronic monitoring devices to be easy
to use, saw clear benefit in the devices, and would recommend
the devices to others, and 5 (56%) of these caregivers felt that
the device itself actually helped to improve asthma control. A
total of 8 families (89%) felt that the deviceswere small enough
to carry easily.

http://www.researchprotocols.org/2016/2/€132/
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Feasibility

All 14 participants initiated use of the electronic monitors;
however, no modem signal was transmitted for 5 of them after
amean of 45 days. Of the 9 caregivers who completed the final
study visit, 2 had lost one of the monitoring devices; we were
not able to retrieve the 10 devices from the 5 caregivers who
did not complete the final study visit. Thus, in total, 16 of the
28 el ectronic monitoring deviceswere returned, and 10 of them
(63%) were either uncharged or no longer responding to a
charge. Familieswho disconnected their cellular modems noted
competition for use of the electrical outlets and concerns about
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the additional use of electricity contributing to their electricity
bills. Because of these issues with data capture during the
intervention window, we report adherence datafor only thefirst
30 days of the intervention, when all participants had a
transmitting modem signal.

Telephone contact was achieved with all participants (up to 2
calls per week for those with frequent adherence alerts) and
ranged from short messages on their answering services to
10-minute calls to troubleshoot device issues or adherence
lapses. Of the 9 caregivers who completed the final study visit,
all were happy with the relationship they had with the asthma
navigator, nonefelt that she contacted them too frequently, and
8 of them (89%) believed callsfrom the asthmanavigator helped
to avoid missing doses.

Limited Efficacy

Though the study was not powered to detect achangein asthma
control, mean ACT scoreimproved by 2.7 points (95% Cl 0-5.5,
P=.05) over the duration of the study, just below the minimally
significant ACT change threshold of 3 points.

Lossto Follow-Up

The5 caregiverswho did not complete thefinal study visit were
either unableto be contacted or unableto schedule and complete
thefinal study visit following at |east five attempts by the study
team. Of these 5 participants, 3 were female, their median age
was 3, and mean baseline ACT was 17.8 points, none of which
were statistically significantly different from the characteristics
of those who completed the final study visit.

Discussion

In this study, we partnered with alocal managed care Medicaid
plan to assess the feasibility of an electronic monitoring
intervention for high-risk inner-city minority children with
asthma. To our knowledge, this is the first study to assess the
acceptability and feasibility of an electronic monitoring
intervention delivered by a community health worker in the
highest-risk children with asthma. With respect to feasibility,
our findings demonstrate several prominent challenges in the
delivery and sustainability of this intervention. While all 9 of
the caregivers who completed the final study visit found the
technology and monitoring devices acceptable, we were not
ableto complete the survey for 5 families (36%). And while all
of the familiesinitiated use of the monitoring technology, half
of the caregivers either unplugged the cellular modem or lost
the monitoring devices, leading to difficulty in interpretation
of adherence databeyond theinitial observation month. Despite
these challenges, we noted a trend toward improved asthma
control over the study interval, and we noted some qualitatively
distinct patterns of 1CS use from the observation period of this
study that may inform future inquiry and interventions in
high-risk asthma popul ations.

Studies have demonstrated that electronic monitoring of ICS
adherence with someform of feedback canimprove medication
adherence in selected populations. In arecent randomized trial
of patients ages 14-65 years with poorly controlled asthmain
Australia, patientswho received inhal er reminders and feedback
demonstrated adherence rates of 73% compared with 46% in
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the groups that had usual care or personalized adherence
discussions [29]. A randomized trial of electronic monitoring
with an audiovisual reminder in children 6-15 years old
conducted in New Zealand demonstrated rates of adherence of
84% in theintervention group compared with 30%in the control
[34]. An earlier review of eectronic monitoring of inhaler use
described the accuracy and reliability of newer electronic
monitoring devices and efficacy of monitoring and feedback
interventions, but highlighted feasibility concernsin vulnerable
populations, including “the patient’s ability and willingness to
use electronic monitoring devices’ [38]. Our study offersafirst
glimpse of feasibility issuesin ahigh-utilizer, inner-city minority
cohort of children in the United States.

One of our primary concerns prior to launching this study was
that inner-city minority families might feel that electronic
monitoring interventions are overly intrusive and, thus,
unacceptable. In this small study, we found no evidence to
suggest this, though only 9 families (64%) completed the
acceptability survey. A total of 5 (36%) families did not
complete the final study visit and, though we cannot be sure of
the reasons why they did not follow-up, thisrelatively high rate
of loss to follow-up could be interpreted as their revealed lack
of acceptability.

Another prominent feasibility question was whether families
would initiate and maintain use of the devices. Our findings
show that, while all the enrolled families effectively set up and
began to use the electronic monitoring systems, there were
challenges in maintaining the devices and data transmission.
Several families unplugged the modem devices either
temporarily or permanently, noting competition for available
electrical outletsand concerns about electricity bills. Also, many
of the monitoring devices that were returned had no remaining
charge. These issues might have been mitigated at the onset of
the study by including a power strip and communicating the
negligible daily use of electricity of the cellular modem and
charging devices.

With respect to outcomes, while the study was not designed to
detect an improvement in asthma control, we found a
statistically, but just short of clinically, significant improvement
in ACT score over the course of the study for those who
completed both study visits. It is important to note, however,
that the study was uncontrolled; improvements in parental
perception of asthmacontrol may reflect regression to the mean
or aplacebo effect. We also noted distinct patterns of medication
use over the first month of the study, prior to the initiating
outreach for adherence alerts. Different patterns of daily
medication use have been noted in one prior study of asthma
inadults[44], aswell asin pediatric conditions such as epilepsy
[45], inflammatory bowel disease [46], and cancer [47]. While
these categories have different labelsin each prior study, further
research should be directed at learning which potentially
modifiable factors drive more sustained use patterns; this may
assist familieswith lapsed or periodic use patternsin improving
the consistency and duration of their controller medication use.
Based on the findings of this feasibility study, we offer a few

considerations for future studies seeking to use electronic
medication monitoring to improve the care of high-risk
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populations. Investigators should 1) establish regular
communication with the electronic device company and gain
assurance that there is robust technological support to
troubleshoot technological issues that arise during the
intervention, 2) consider practical issues such as competition
for electrical outlets within the house and cellular or wireless
coverage in the community of interest that might affect data
transmission, and 3) include team members with knowledge
and credibility in the community (such as community health
workers) who can assist in recruitment and outreach and help
elicit subtle reasons for changes in medication use or data
transmission.

Our study hasafew limitations. First, sincethiswas afeasibility
study, the sample size was small and restricted to one clinic
population. Thus, the feasibility concerns we present may not
be representative of high-risk populations in other settings.
Second, the familieswho agreed to participate in the study (and
completed the final study visit) may have been more open to
and accepting of any type of intervention, inclusive of electronic
monitoring, than other high utilizers or the general population.
Participants' ratings of acceptability may have been further
enhanced by the receipt of a cellular phone with unlimited
minutes and by social desirability bias, as this outcome was
collected by amember of the study team (the asthmanavigator).
The feasibility of wide-scale provision of cellular phones for
high-risk families would depend on the cost effectiveness of
similar interventions, an outcome beyond the scope of this study.
With respect to our assessment of asthma control, we assessed
parental perception of asthma control using the ACT, since the
median age of patientsin our cohort was 3.5 yearsand there are
no validated measures of asthma control in children younger
than 4 years. More broadly, the children in our cohort were
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young, with the oldest child enrolled being 9 years old. Because
of this, our results may not be generalizable to older children,
who tend to have greater responsibility for administering their
medication [48].

With respect to adherence outcomes, we used different
adherence categoriesthan an earlier adult asthmastudy [44] for
two reasons. 1) we were not able to capture multiple inhaler
actuations occurring in the same minute in the first month of
the study, and 2) even with our most conservative estimate,
none of our participating patients met their criteria for
“compliance” (75% of prescribed doses). Lastly, our assessment
of adherence beyond 1 month was substantially limited by
incomplete data resulting from causes such as unplugged cellular
modems and uncharged monitoring devices. Therefore, we have
presented medication use data for only the first month of the
study prior to the onset of theseissues, but also prior to the onset
of the outreach intervention.

As payers, health systems, and providers seek new approaches
to improving the care of high-risk populations, new or adapted
technologies for “automated hovering” offer the potential to
influence the 5000 hoursthat patients spend outside of the reach
of the health care system [49]. While some electronic ICS
monitoring interventions have shown promise in other
populations, our findings demonstrate some of the prominent
feasibility challenges of implementation in adapting such an
intervention to a vulnerable patient cohort, even despite the
strength of having acommunity-based peer as our effector arm.
The findings of this study can be used to both anticipate
challengeswhen planning future interventions and specify areas
of future inquiry germane to understanding medication use
behaviors of high-risk populations.
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ICS: inhaled corticosteroids
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