Inhaler reminders improve adherence with controller
treatment in primary care patients with asthma
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Background: Poor adherence contributes to uncontrolled
asthma. Pragmatic adherence interventions for primary care
settings are lacking.

Objective: To test the effectiveness of 2 brief general
practitioner (GP)-delivered interventions for improving
adherence and asthma control.

Methods: In a 6-month cluster randomized 2 X 2 factorial
controlled trial, with GP as unit of cluster, we compared inhaler
reminders and feedback (IRF) and/or personalized adherence
discussions (PADs) with active usual care alone; all GPs
received action plan and inhaler technique training. GPs
enrolled patients prescribed combination controller inhalers,
with suboptimal Asthma Control Test (ACT) scores (ACT score
<19). Inhaler monitors recorded fluticasone propionate/
salmeterol adherence (covertly for non-IRF groups) and, in IRF
groups, provided twice-daily reminders for missed doses, and
adherence feedback. PAD GPs received communication training
regarding adherence. Outcomes collected every 2 months
included ACT scores (primary outcome) and severe
exacerbations. Intention-to-treat mixed-model analysis
incorporated cluster effect and repeated measures.

Results: A total of 43 GPs enrolled 143 patients with moderate-
severe asthma (mean age, 40.3 = 15.2 years; ACT score, 14.6 *
3.8; fluticasone propionate dose, 718 = 470 pg). Over 6 months,
adherence was significantly higher in the IRF group than in
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non-IRF groups (73% =* 26% vs 46% = 28% of prescribed
daily doses; P <.0001), but not between PAD and non-PAD
groups. Asthma control improved overall (mean change in ACT
score, 4.5 * 4.9; P <.0001), with no significant difference among
groups (P = .14). Severe exacerbations were experienced by
11% of the patients in IRF groups and 28% of the patients in
non-IRF groups (P = .013; after adjustment for exacerbation
history; P = .06).

Conclusions: Inhaler reminders offer an effective strategy for
improving adherence in primary care compared with a
behavioral intervention or usual care, although this may not be
reflected in differences in day-to-day asthma control. (J Allergy
Clin Immunol 2014 ;uEN:ENN-EEN,)
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In asthma, adherence with inhaled controller medications,
particularly inhaled corticosteroid (ICS)-containing medications,
is important for achieving good asthma control, yet many studies
report suboptimal adherence rates.' Poor adherence contributes to
mortality and morbidity, including uncontrolled symptoms,
impaired quality of life, exacerbations, and urgent health care
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Abbreviations used
ACT: Asthma Control Test
GP: General practitioner
ICS: Inhaled corticosteroid
IRF: Inhaler reminders and feedback
LABA: Long-acting (32-agonist
PAD: Personalized adherence discussion
T: Timepoint in months (eg, T2: Timepoint 2 months)
UC: Active usual care

utilization.”™ Without interruptions in ICS use, asthma-related
hospitalizations could be reduced by 60%.”

General practitioners (GPs) identify poor adherence as 1 of the
top 3 barriers to the delivery of effective asthma care.” Asthma
guidelines recommend that GPs should assess and correct
adherence at every visit®’ but provide few practical interventions.
Furthermore, most published adherence interventions are too
complex to be feasible for primary care, and some studies are
nonrandomized or report no asthma outcomes.”

Models such as the Information-Motivation-Behavioral skills
model theorize that health-related information, motivation,
and behavioral skills are effective determinants of the extent to
which a health behavior such as medication-taking will be
performed.” Barriers to adherence may be “intentional” (eg,
doubts or concerns about treatment effectiveness or side effects)
and/or “unintentional” (eg, due to forgetting/chaotic lifestyles),'°
but no practical interventions have been developed to address
these in primary asthma care.

For intentional poor adherence, providing health professionals
with communication training, for example, in empathic,
nonconfrontational motivational interviewing techniques, can
modify patients’ beliefs and attitudes, leading to improved health
behaviors''"'* and medication adherence.'*'> For unintentional
poor adherence in chronic diseases due to forgetting, reminder
packaging (eg, blister packaging for tablets) improves adherence
by establishing medication-taking routines.'®'” Interactive
adherence reminders for inhaled medications are more
technically complex, but reliable devices are now available.'®'
Only 1 study of such devices has been reported in asthma, demon-
strating higher adherence (93% vs 74%) in patients receiving
reminders; the high adherence in the control group may reflect
the controlled research environment and free medications.””

However, the effectiveness of such strategies in asthma has not
been tested in real-life community settings. We designed 2 brief
primary care interventions: (1) inhaler reminders with GP feedback
and (2) personalized GP-patient discussions about adherence. Both
incorporated the 3 components of the Information-Motivation-
Behavioral skills model, with the goal of targeting intentional and
unintentional barriers to medication adherence in asthma. The aim
of this study was to measure the effect of these interventions,
separately and together and compared with active usual care (UC),
on adherence with combination ICS/long-acting {32-agonist
(LABA) medications and asthma control in people with poorly
controlled moderate-severe asthma.

METHODS
Study design

We conducted a 6-month pragmatic cluster 2 X 2 factorial parallel-group
randomized controlled trial in general practices in Greater Sydney, Australia,
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during the period 2010 to 2013. GPs were randomized to either the active
group or the control group for each intervention and trained to deliver the
intervention(s) with patients from their practice. The interventions (detailed
later) were as follows: personalized audiovisual inhaler reminders and
feedback (IRF) and brief personalized adherence discussions (PADs). All
GPs received brief training in UC including one-off checking and teaching
inhaler technique and writing asthma action plans. The interventions were
compared separately and together, and with UC alone.

To maximize relevance to clinical practice, prescribing was according to
the GP’s clinical judgment, only 2 study visits were required (1 for enrollment
and initial delivery of the intervention to the patient and 1 for follow-up), and
most outcome data were collected by telephone by study staff (T0, T2, T4, and
T6 months). For more details of methods, see this article’s Online Repository
at www.jacionline.org.

Medications and inhaler monitoring

The GP gave each patient a SmartTrack device (Nexus6, Auckland,
New Zealand; Fig 1) that clipped onto their ICS/LABA inhaler and asked 3
onscreen questions about asthma control each month. After the device was
activated during the TO call, it recorded the date/time of all actuations and
uploaded the data each month to a secure Web site. Device reliability and
accuracy have been reported.'® For IRF groups, GPs and patients were shown
how to customize ringtones/reminder times and view the medication feedback
online. Patients also received 1 albuterol pressurized metered dose inhaler, 1
month’s supply of fluticasone propionate/salmeterol pressurized metered
dose inhaler (Seretide, GlaxoSmithKline, Boronia, Australia) at their GP-
prescribed dose, and a miniWright Digital peak expiratory flow/FEV; meter.

Randomization, blinding, and allocation

concealment

Randomization of GPs was by computer-generated random code, with a
minimization algorithm to ensure balance of GP locations by socioeconomic
area,”’ previous asthma/chronic obstructive pulmonary disease management
training in the past 12 months, and GPs speaking a second language other
than English. After randomization, GP allocation concealment was main-
tained until during the training workshop. As with any behavioral intervention,
blinding of GPs and patients to their own intervention(s) was not possible, but
the other interventions were not described, and to aid blinding, GPs in each
group received UC training. To avoid bias, and with ethics approval, GPs in
the UC and PAD-only groups, and their patients, were not advised about the
SmartTrack recording function until study end, when all patients received a
debriefing statement and were offered a confidential copy of their adherence
record.

Recruitment and training of GPs

GPs were recruited through 4 general practice organizational divisions in
Sydney. Inclusion criteria were access to computer and e-mail, and not
currently participating in another adherence-promoting study. To minimize
cross-contamination between intervention groups, only 1 GP from a practice
could participate. Each randomized GP received his or her respective training
modules (Table I) in a half-day workshop before enrolling patients. At work-
shop end, GPs recorded their rating of the usefulness of the study interventions
on a visual analog scale ranging from 0 to 100 (0 = not at all useful, 100 =
extremely useful). GPs were reimbursed $100 per patient enrolled.

Patient recruitment

Eligible participants were patients aged 14 to 65 years, with suboptimal
asthma control (Asthma Control Test [ACT] score <19),”* and prescribed
twice-daily ICS/LABA for 1 month or more. Exclusion criteria were asthma
exacerbation (defined by oral corticosteroid use, emergency department visit,
or hospitalization) in the last month, use of budesonide/formoterol as
maintenance and reliever therapy, major respiratory disease (eg, chronic
obstructive pulmonary disease), serious uncontrolled medical conditions,
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FIG 1. A, SmartTrack device installed on a fluticasone propionate/salmeterol inhaler. B, Example adherence
feedback for IRF groups. The device electronically recorded the date/time of every actuation. The screen
display (time since last dose taken) was seen only by patients in IRF groups. Feedback could be viewed
by the IRF patient and his or her GP on a secure Web site. The graph showed the number of inhalations
prescribed (dotted line) and the number of inhalations the patient took each day over a 14-day period.
Patients and their GPs could access this graph on a password-protected Web site and a copy was e-mailed

to them every 30 days.

clinically important visual or auditory impairment, shift workers with a
variable roster, and pregnant or lactating women. Patients were not reimbursed
for participation.

Interventions

UC (all GPs). All GPs received brief training on the delivery of active
UC. This was based around the “Asthma Cycle of Care,” an Australian
government—incentivized primary care asthma management program that
includes the provision of a written asthma action plan, inhaler technique
review/education, and a follow-up appointment. In the study workshop,
10 minutes were allocated for training GPs in each of the action plans and
inhaler technique (Table I).

Personalized adherence discussions. GPs asked patients to
complete a short questionnaire about barriers to controller inhaler use.”* They
were trained to carry out a personalized discussion about the patient’s key bar-
rier(s) to adherence and to help the patient set goals and goal-achievement
strategies”* around an asthma issue that the patient wished to resolve, using
patient-centered materials.

Inhaler reminders plus adherence feedback. Patients
received twice-daily SmartTrack reminders for missed ICS/LABA doses.
They could customize ringtones/ring times, cancel individual reminders, or
switch reminders off completely. Each month, GPs received an automated
e-mail to view a Web site graph of their patients’ daily ICS/LABA use (Fig 1);
the patient could log in to view his or her own graph at any time. GPs were
asked to discuss the ICS/LABA-use graph with the patient at the study
follow-up visit or at any subsequent appointments, at the GP’s discretion.
Only GPs in PAD groups were trained in specific communication strategies
for discussing adherence.

The factorial design resulted in 4 randomization groups: UC, PAD, IRF, and
IRF + PAD.

Outcome measures

Initial data (TO) were collected by telephone once the GP provided the
patient’s details (target <7 days), and at T2, T4, and T6 months. The primary
outcome measure (assessed at the patient level) was the ACT score, collected
by telephone by a researcher blinded to the patient’s intervention group.

Secondary outcome measures were the Mini Asthma Quality of Life
Questionnaire,”> Hospital Anxiety and Depression Scale,”®>’ and Medication
Adherence Report Scale for Asthma (MARS-A),”® data for which were
collected by postal questionnaire, and FEV;. Patient-reported data for
previous prednisone courses were collected from patients by telephone at
TO (prednisone course in past 12 months: yes/no). Data for severe
exacerbations (defined by prednisone courses)”’ during the study period
were obtained from GP records at study end.

Sample size

The sample size calculation was based on CONSORT guidelines for
cluster randomized trials®® and data for ACT that were available at the time
(significant change >1.5 points; SD, 3.1).”* Allowing for 15% dropouts, the
target sample size of 220 patients, with 44 GPs each contributing 5 patients,
within-cluster correlation 0.1, and cluster effect of 1.4, had 80% power to
show a difference among groups with significance level of less than .05.
The minimal important difference for the ACT is now considered to be 3 or

. 3 . .
more points,”’ and this was used in our analyses.

Analysis

The primary analysis was by intention to treat. The effect on ACT of the 2
interventions separately, and of their interaction, was tested with a mixed-
model analysis, with adjustment for TO ACT and for clustering by GP, and
including all available observations per patient over the 6-month study.
A similar approach was taken for secondary outcomes; the binary variable
“proportion of patients experiencing >1 severe exacerbation” was analyzed
with a logistic regression model that used generalized estimating equations,
with adjustment for exacerbation history (prednisone courses in past 12
months at baseline) and clustering by GP. Analyses were conducted using SAS
statistical software (SAS Institute Inc, Cary, NC). For more details of analysis,
see Online Repository.

Ethics approval and trial registration
The trial was approved by the Human Research Ethics Committee of
the University of Sydney. All participants provided written informed consent.
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TABLE I. GP training modules
Intervention module GP training
ucC All GPs in all groups received UC training. This included advice on writing an asthma action plan (10 min),

demonstrating and reviewing inhaler technique (10 min), and recent changes to asthma guidelines (15 min).

PAD GPs received 2 h of small-group training on patient-centered communication around adherence. Training included
an introduction to concepts of motivational interviewing, group assessment of video clips of good and bad
communication, empathic discussion around adherence, including role play, and health goal-setting skills.

IRF GPs received training on basic reminder device functions (5 min) and instructions on how to view Web-based

medication feedback (5 min).

The study was registered with the Australian and New Zealand Clinical Trials
Registry (ACTRN 12610000854033).

RESULTS
GP participants

Sixty GPs were randomized, 55 attended training, and 43 were
available to enroll patients. Five GPs withdrew before training
while unaware of their allocation, 9 withdrew after training, and 3
were lost to follow-up (Fig 2). Of these 43 GPs (mean age, 54 = 9
years; 56% men), more than half practiced in a socially
disadvantaged location (Table II). The 17 GPs who withdrew
differed from continuing GPs only with respect to having attended
asthma or chronic obstructive pulmonary disease training in the
past 12 months (71% of withdrawn GPs vs 41% of continuing
GPs). At workshop end, GP-rated usefulness of the study
interventions was high across all groups (visual analog scale
0-100, higher is better: UC, 80.8 = 8.4; PAD, 82.5 * 7.6; IRF,
82.0 £ 9.9; IRF + PAD, 81.9 £ 17.5; P =.99).

Patient participants

Forty GPs enrolled a total of 143 patients (62% women; mean
age, 40.3 *= 15.2 years), half of whom lived in socially
disadvantaged locations. Demographic and baseline characteris-
tics were similar between groups, apart from a lower proportion of
men in the IRF + PAD group and differences in the proportions of
current smokers (Table II). At the first data collection timepoint
(TO, 8.1 %= 7.5 days after enrollment), asthma was poorly
controlled as indicated by an average ACT score of 14.6 * 3.8
and FEV| 77.1% = 20.3% predicted, with 67 (52%) patients
reporting 1 or more episode of asthma-related urgent health
care utilization and/or prednisone use in the previous year.

Asthma control—Primary outcome

Of 143 enrolled patients, 129 completed the ACT at 2 or more
time points and were included in the intention-to-treat analysis
(Fig 2). At T2 months, average improvement in ACT score
exceeded the minimal important difference (3 points) in all 4
groups (Fig 3, A); the proportions of patients with improved,
unchanged, or worsened asthma control, based on the minimal
important difference, were 68%, 28%, and 4%, respectively,
similar among randomized groups (X2 P =.64). The improvement
in ACT score was maintained in all groups at T6 months (overall
mean change from TO, 4.5 * 4.9; P <.0001). Significant within-
group differences were observed in ACT score in all groups
(Fig 3, A). Mixed-model analysis showed no significant difference
in ACT score during the study among the 4 intervention groups

(P = .14; Table III) nor between reminder versus nonreminder
groups (P = .27).

ICS/LABA adherence

Adherence data were recorded throughout the study, starting
from TO; 113 of 143 patients had analyzable SmartTrack data. No
adherence data were available for 30 patients, but only for 6
patients (4% of those enrolled) this was due to device failure. Of
the remaining 24 patients, 15 could not be contacted
after enrollment to activate the device (UC, 2; PAD, 3; IRF, 0;
IRF + PAD, 10), 8 patients reported losing the device (UC, 2;
PAD, 2; IRF, 0; IRF + PAD, 4), and the GP changed 1 patient’s
ICS. Five SmartTracks failed in the field but were replaced and
their data were retrieved.

Significant differences were observed in mean daily
ICS/LABA adherence among the 4 groups during the study
(P = .0003; Fig 3, B; Table III). Adherence was significantly
higher in the 2 reminder/feedback groups than in the 2 nonre-
minder groups (73% * 26% vs 46% * 28% of daily prescribed
doses; P <.0001). Adherence decreased over time in all groups,
but after 6 months, adherence in the reminder/feedback
groups was double that in the nonreminder/feedback groups
(60% = 38% vs 29% * 33%; Fig 3, C).

Secondary outcomes

Over 6 months, severe exacerbations were experienced by 18%
of UC, 48% of PAD, 7% of IRF, and 14% of IRF + PAD group
patients (Table III). There were fewer patients with severe exacer-
bations in IRF than in non-IRF groups (7 of 64 [11%] vs 19 of 67
[28%]; P = .013), but this difference was not significant (P =.06)
after adjustment for clustering and past self-reported prednisone
use.

Mixed-model analysis showed no significant differences for
any other secondary outcome among the 4 intervention groups,
nor between reminder versus nonreminder groups (Table III).
Overall, there were statistically significant and clinically impor-
tant improvements from TO to T6 months in asthma-related
quality of life (mean change, 0.77 = 1.15; P <.0001; Fig 3, D)
and significant improvements in anxiety (—0.93 * 3.18;
P = .022) and self-reported adherence behavior (MARS-A,
0.28 = 0.82; P = .008) (Table III). There were no significant
changes in FEV % predicted or depression scores.

DISCUSSION
In this novel primary care—based intervention study of patients
with moderate-severe asthma who were prescribed twice-daily
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FIG 2. Flow of GPs and participants (intention-to-treat [ITT] population) through the study. The number
of GPs in each intervention group who did not enroll a patient: UC = 0, PAD = 1, IRF = 1, IRF + PAD = 1.
*GPs withdrew before allocation revealed and study training received. fNumber of patients excluded from
ITT analysis (asthma control) because of dropout or lost to follow-up before the completion of 2 or more

study questionnaires.

TABLE Il. GP and patients’ demographic and baseline characteristics

GPs UC(hn=14) PAD(n=28) IRF(n=11) IRF+ PAD (n = 10) All GPs (N = 43)
Age (y), mean (range) 57.7 (45-75)  51.5 (46-65)  53.5 (32-68) 49.8 (35-65) 53.7 (32-75)
Sex: female 43 38 36 60 44
Years practicing as a GP, mean (range) 21.9 (2-42) 24.4 (5-48) 20.6 (4-40) 20.4 (9-40) 22 (2-48)
Language other than English spoken at home 43 63 64 40 51
Attended >1 asthma/COPD training events in past 12 mo* 50 38 36 30 41
Practicing in socially disadvantaged areat 57 50 64 50 56
Patients UC(n=43) PAD(n=24) IRF(n=35) IRF+ PAD (n=41) Allgroups (N = 143)
Sex: female 63 54 49 78 62
Age (y), mean = SD 40.0 = 141 423 =156 40.0 £ 13.7 39.7 = 177 403 = 152
ACT score, mean = SDi 14.6 £ 3.4 147 £ 4.2 15.1 £ 3.2 14.1 £ 44 14.6 = 3.8
FEV, % predicted, mean = SD 75.7 £ 22 673 £21.3 844 * 194 78.0 = 15.2 77.1 = 20.3
ICS daily dose before study entry FP equivalent (ug), 683 = 517 722 = 500 704 *= 448 777 = 426 718 = 470
mean = SD
Proportion prescribed high-dose ICS§ 44 54 40 66 51
Living in socially disadvantaged areaf 63 45 37 54 51
Smoking: current/ex-smoker/never 23/23/55 0/27/73 11/26/63 22/37/41 15/28/57
Highest level of education: completed high school or lower 29 16 32 54 34
Language other than English spoken at home 40 40 32 36 37
Proportion with >1 prednisone course in last 12 mo 29 50 23 34 32

All variables % except where indicated. Total number of GPs with patients enrolled: 40.

COPD, Chronic obstructive pulmonary disease; FP, fluticasone propionate.

*P value for difference between randomized (N = 17; 71% >1 events) and continuing (N = 43; 40% >1 events) GPs: XZ P = .045.
TSocial disadvantage at GP practice location (GP)/home address (patients): “Disadvantaged” Socio-Economic Indexes For Area (SEIFA) quintile <3, “Advantaged” SEIFA

quintile: 4-5.%'
TACT (scored worst: 5; best: 25) score of 19 or less indicates suboptimal control.
§High dose >500 pg/d fluticasone propionate or equivalent.®

ICS/LABA, those who received electronic inhaler reminders for
missed doses plus medication use feedback (IRF), on average,
took 1.5 times more ICS/LABA over 6 months than did patients
who received UC or PAD alone (73% vs 46%). At 6 months,
mean adherence in reminder/feedback groups was double that in

nonreminder/feedback groups (60% vs 29%). Clinically
important improvements were seen in the primary outcome
measure, asthma control (ACT score), in the total sample, and
in asthma-related quality of life, but there were no significant
differences among the 4 intervention groups nor between
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FIG 3. A, Mean asthma control (ACT score, primary outcome) by time point. B, Average ICS/LABA
adherence over 6 months by intervention group. C, Mean ICS/LABA adherence by group and study month.
D, Mean asthma quality of life (Mini AQLQ) by time point. Mini AQLQ, Mini Asthma Quality of Life
Questionnaire. All GPs in all groups including UC received training in inhaler technique checking and
writing an asthma action plan. All error bars 95% Cls. A change of 3 or more points in the ACT score
represents a clinically important change; a score of more than 19 points represents good asthma control.
Adherence monitors were activated at TO (10.4 = 7.3 days after patient enrolled and intervention delivered;
no baseline adherence data available). A change of 0.5 or more in Mini AQLQ score represents a clinically

important change. *P < .0001.

reminder or nonreminder groups. Fewer reminder/feedback
patients than nonreminder patients experienced severe exacerba-
tions during the study (11% vs 28%), but this difference did not
remain significant after adjustment for clustering and exacerba-
tion history (a predictor of future exacerbations).*> With respect

to psychological health, anxiety but not depression reduced
significantly in the total sample although there were no
differences among intervention groups.

The level of preintervention adherence was unknown because
to maintain a real-world primary care context, there was no run-in
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TABLE Ill. Primary and secondary outcomes: baseline values, average over the 6-month study period, and differences among

groups
uc PAD IRF IRF + PAD All P Pt
Change Difference
Study period Study period Study period Study period from among
Outcome BL (CI) LSM (CI) BL (CI) LSM (CI) BL (CI) LSM (CI) BL (CI) LSM (CI) BL (CI) BL (all)  groups

Asthma control:
ACT score

15 (14.0-15.9) 18.6 (17.6-19.7) 14.6 (13.0-16.2) 18.0 (16.6-19.5) 15.1 (14.1-16.2) 19.9 (18.8-21.0) 14.2 (12.6-15.9) 18.3 (17.1-19.5) 14.8 (14.1-15.4) .0001 14

Adherence (%), — 46 (36-55) — 46 (32-60) 71 (61-81) — 76 (65-86) — — .0003
mean

mAQLQ 4.6 (4.3-5.0) 5.4 (5.1-58) 443 (3.9-5.0) 49 (4.5-5.4) 4.7 (4.3-5.1) 5.5 (5.1-5.8) 4.5 (3.9-5.0) 5.4 (5.0-5.7) 4.6 (4.4-4.8) .0001 .26

Anxiety: 6.3 (4.9-7.7) 5.9 (4.9-7.0) 7.7 (5.8-9.6) 5.6 (4.0-7.1) 5.8 (4.4-1.3) 5.0 (3.9-6.1) 6.6 (4.8-8.3) 6.3 (5.1-7.5) 6.5 (5.7-1.3) .022 46
HADSA

Depression: 4.4 (2.9-5.9) 3.8 (2.8-4.7) 6.2 (4.3-8.1) 4.4 (3.0-5.8) 3.5 (2.6-4.5) 3.3 (2.4-4.3) 4.3 (3.1-5.6) 4.0 (2.9-5.1) 4.5 (3.8-5.2) 11 .65
HADSD

MARSA-10 3.6 (3.4-3.7) 3.8 (3.6-4.0) 3.6 (3.5-3.8) 4.1 (3.8-4.4) 3.7 (3.4-4.0) 4.0 (3.7-4.2) 3.4 (3.1-3.8) 4.1 (3.8-4.3) 3.6 (3.4-3.7) .008 32

FEV, (L) 2.51 (2.28-2.75) 2.60 (2.48-2.73) 2.36 (1.91-2.81) 2.56 (2.40-2.73) 2.97 (2.65-3.28) 2.60 (2.47-2.72) 2.37 (2.07-2.67) 2.58 (2.43-2.72) 2.58 (2.42-2.74) 42 98

Patients with 8 of 44 (18%) 11 of 23 (48%) 2 of 29 (7%) 5 of 35 (14%) — 061
> severe

exacerbation,
/N (%)

All data except for severe exacerbations are mean (CI). For each treatment group, the first column shows the BL value and 95% CI for the outcome variable and the second column shows
the LSM value and CI over the 6-month study period. The final 2 columns show significance levels for change from BL (all groups combined) and for differences among groups.
BL, Baseline; HADS, Hospital Anxiety and Depression Scale; LSM, least squares mean; mAQLQ, Mini Asthma Quality of Life Questionnaire; MARSA-10, Medication Adherence

Report Scale for Asthma.
*One-way ANOVA.

fIntention-to-treat mixed-model analysis adjusted for clustering by GP, repeated measures and BL score (BL data for adherence % were not collected).

iGeneralized estimating equation model adjusted for exacerbation history (prednisone courses in past 12 months [yes/no] at BL) and clustering by GP. Total number of patients
analyzed: ACT (scored 5 = poor, 25 = good) n = 129°%; adherence (% of daily prescribed dose taken, recorded by electronic monitor) n = 113; mAQLQ (asthma-related quality
of life; scored 1 = poor, 7 = good) n = 98>%; HADS (scored 0 = low, 21 = high [scores >11 indicate probable mood disorder]’®): HADSA (anxiety subscale) n = 94; HADSD
(depression subscale) n = 93; FEV, (L) (adjusted for age, sex, height, and BL value) n = 124; MARSA-10 (scored 1 = low, 5 = high) n = 96°%; severe exacerbations based on

prednisone courses n = 131.

period. However, the low daily adherence in nonreminder
groups by study end (29%) was consistent with national®” and in-
ternational ™ estimates from dispensing data. In accordance with
convention, patient adherence was calculated against a bench-
mark based on their GP’s prescription, which assumes appropriate
prescribing,* but the appropriateness of prescribing could not be
assessed. Although adherence declined in all groups, the drop-off
was much less than seen after emergency department visits, where
the use of controllers decreased to 50% within the first week.*

Despite large differences in adherence, no significant differ-
ence was seen between groups in asthma control, the primary
outcome measure, which was recorded by telephone by blinded
study staff. A clinically important improvement in ACT score was
seen in all groups over the first 2 months. Baseline fluticasone
propionate dose was high at 718 pg/d, consistent with national
prescribing patterns, ™ while the maximum efficacy of fluticasone
propionate is seen at around 500 pg/d.”” Overprescribing could
have meant that even the modest average adherence of 56%
seen in nonreminder groups during the first 2 months (Fig 3, C)
may have exceeded the threshold for maximal change in asthma
control from baseline, with higher adherence rates unable to
produce further improvement.

The overall improvement in asthma control from baseline in all
groups could also potentially have been due to factors unrelated to
randomized study interventions, for example, due to temporal
improvements in asthma control. In addition, asthma control may
have improved with the UC interventions, that is, brief GP
training in written asthma action plans and a single inhaler
technique check. In this real-world primary care study, it was
important to provide clinically plausible usual care tools to assist
blinding and optimize study engagement and patient recruitment
by UC GPs. The UC training was brief (10 minutes each for
inhaler technique and action plans) and was carefully selected:

provision of a written asthma action plan in isolation from
comprehensive self-management education is ineffective for
improving adherence or clinical outcomes,’® and the positive
clinical effect of inhaler technique education is short-lived if
not repeated frequently.”” However, combination therapy will
not necessarily benefit all patients*’; indeed current guidelines®’
recommend referral for specialist advice if asthma symptoms
remain uncontrolled despite good adherence, correct inhaler tech-
nique, and management of comorbidities and modifiable risk fac-
tors. However, access to feasible adherence strategies in primary
care could reduce the proportion of patients requiring referral.

Although there was no significant difference between
interventions in ACT score, which primarily reflects symptom
control, a significant difference in severe exacerbations was seen
between patients in reminder and nonreminder groups (11% vs
28%; P = .013); this remained close to significant (P = .06) after a
post hoc adjustment for exacerbation history. There is increasing
recognition of potential differences between day-to-day symptom
control and “future risk” outcomes such as exacerbations.”’ Very
low doses of ICS/LABA may be sufficient to maintain reasonable
symptom control but may leave the patient vulnerable to
exacerbations.”’

The second intervention, PADs, was rated highly by GPs (as
were all the interventions), but appeared ineffective in this study
because improvement in outcomes observed in PAD groups was
similar to that in those receiving UC alone. The factorial design
allowed testing for additive or synergistic effects when the 2
interventions were combined, but the results do not support this
having occurred. GPs report barriers to the implementation of
interventions at the clinician, patient, and practice level.*** In
the present study, PADs were likely more difficult to implement
within time-pressured clinical interactions than introducing a
reminder device and providing feedback about its output. The
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need to practice new communication techniques may have
been a barrier to the optimal delivery of the intervention,™
particularly because GPs were unaware of the nature of study
interventions when they enrolled, and some may have lacked
interest in learning new communication strategies. Interestingly,
IRF + PAD and PAD groups showed a trend of continued
improvement in asthma control between 2 and 6 months (Fig 3,
A) and so a longer study may have been required to determine
whether greater gains were achievable with PAD.

Limitations of the study include the lack of prestudy adherence
data (because of the primary care setting) and the short duration of
training, particularly for the PAD intervention (2 hours), which
required GPs to grasp new communication concepts and practice
skills such as goal setting. However, because GPs had difficulty
finding time to attend 1 training session, it would not have been
feasible to offer more intense training. Top-up training tailored to
GP needs was provided by telephone throughout the study. Brief
GP training has been successful in other communication training
studies,'” but repeated communication training is reportedly more
effective than one-off training.*” The sample size of 143 (n = 129
for the primary outcome analysis) was lower than planned, even
after reduction due to the smaller than anticipated cluster size.
The study was clearly sufficiently powered to show differences
in adherence between reminder/feedback and nonreminder
groups, but given the magnitude of improvement in asthma
control in the UC group, and the high prescribed doses of
ICS/LABA, it may have been underpowered for the comparison
of ACT scores between the interventions and their respective
controls.

Strengths of the study include the pragmatic design and
real-life primary care setting, the community-based population,
the collection of most study data by study staff rather than by GPs,
and the recording of adherence using validated electronic
devices.'® These devices provide objective data on the time/date
of every actuation made, allowing researchers to report controller
use with a level of detail (eg, Fig 3, C) not possible using other
methods of adherence measurement such as dispensing data.
The average adherence of 46% over 6 months in nonreminder
groups is consistent with these being community-based patients,
with adherence much lower than seen in specialist clinical
research settings.”’ Patients were not reimbursed for study
participation and were provided with only 1 month’s supply of
ICS/LABA (to allow initial setup of the SmartTrack). This may
have augmented adherence in all groups in the first month, but pa-
tients were responsible for obtaining all subsequent medications,
and so the cost of purchase could have an impact on adherence, as
in normal clinical practice.46

In conclusion, this study, which is the first to examine the
provision of inhaler reminders and adherence feedback in primary
care, suggests that reminders offer a simple, feasible, and highly
effective strategy for improving the adherence of general practice
patients with asthma. This powerful combination of reminder and
feedback allowed patients to receive prompts for missed doses as
well as to view their detailed mediation-taking patterns (with their
GP, if they wished). A follow-up implementation study is
recommended to replicate these results in larger populations,
including those with lower prescribed background controller
doses. Studies of longer duration may be needed to test the
effectiveness of the PADs used in this study. Careful checking of
the appropriateness of prescribing and obtaining an assessment of
adherence before intervention delivery may help to unpack the
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relationship between improved adherence, asthma symptom
control, and exacerbations in future studies.
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Clinical implications: This primary care study demonstrates
that inhaler reminders offer a simple, feasible, and highly effec-

tive strategy for improving adherence with controller inhalers
in patients with asthma treated in general practice.
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METHODS

Trial design

In summary, this 6-month pragmatic 2 X 2 factorial cluster parallel-
group randomized controlled trial was designed to evaluate the effect of 2
brief adherence interventions on asthma control and morbidity in primary
care patients with poorly controlled asthma despite prescription of ICS/
LABA. Individual GPs were randomized 1:1 to either the active group or the
control group for each intervention, and trained to deliver the relevant
intervention(s) with patients recruited from their own practice. The
interventions were a brief PAD and an audiovisual IRF. All patients
received UC, which included a brief inhaler technique review and provision
(where necessary) of a customized written asthma action plan. There were
thus 4 study groups: group 1: UC; group 2: UC + PAD; group 3, UC + IRF;
group 4: UC + PAD + IRE

To maximize the relevance of the findings to normal clinical practice, no
run-in period was required, only 2 study visits were requested, and most
outcome data were collected by telephone by study personnel. At the first visit,
the patient was screened, provided consent, and was enrolled, and then the GP
decided on an appropriate dose of controller treatment and delivered the initial
intervention (details below). At the second visit, suggested for 4 weeks later,
the GP was asked to reassess asthma control and review discussion points from
the first visit. Apart from this, the patient’s asthma management and the
frequency of visits were completely according to the GP’s clinical judgment.

Approval for the study was obtained from the Human Research Ethics
Committee of the University of Sydney. Written informed consent was
obtained from all GPs and patients before their participation.

Electronic inhaler monitoring

To obtain objective adherence data, all patients were provided with an
electronic device (SmartTrack, Nexus, Auckland, NZ; see Fig | in main paper)
that clipped around an ICS/LABA inhaler without interfering with its func-
tions. Device reliability and accuracy have been reported.”! The device re-
corded the date/time (to the second) of all actuations for assessment of
adherence, recorded removal and insertion of pressurized metered dose in-
halers (pMDIs), and battery voltage level. Data were stored in nonvolatile
memory. A battery charger was provided to each patient. For IRF groups, pa-
tients were shown how to program the device to provide audiovisual reminders
for missed doses, customized to their preferred times. The device contained a
phone chip and an external aerial, and it automatically uploaded data to a
secure Web site each month. This minimized loss of study data if devices
were lost, avoided the need for patients to be seen by study staff, and, in the
IRF groups, allowed adherence feedback to be regularly reviewed by patients
and their GPs.

With approval of the institutional review board, only GPs and patients in the
2 IRF groups were made aware of the recording capabilities of the device. As a
distractor for the non-IRF groups, the SmartTrack screen prompted all patients
to answer 3 questions about their asthma control at monthly intervals. For non-
IRF groups, the device was described as “helping to keep track of patients’
asthma control.” These strategies have been used successfully in other
adherence studies by the research team.”” For study purposes, the device
was called “Asthmatrack” rather than its commercial name of “SmartTrack”
to support the concealment of the study aim.

Participants

GP recruitment and eligibility. GPs from across the greater
urban area of Sydney, Australia, were recruited by letter of invitation from
general practice administrative divisions, followed up with personal contact
by research staff. GP recruitment included areas of low to high socioeconomic
disadvantage, based on national data."

GP inclusion criteria were access to a computer and e-mail (applicable to
>90% of Australian GPs), and not currently participating in another
adherence-promoting study. The latter was elicited with a general question
about asthma or chronic obstructive pulmonary disease studies to avoid
revealing the study focus on adherence. Only 1 GP was recruited per practice
to reduce the risk of contamination between active and control interventions.
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Patient recruitment and eligibility. Patients whose asthma
was not well controlled were identified from the ACT, a validated 5-item tool
that takes less than 2 minutes to complete.”*"* In accordance with CONSORT
guidelines for cluster randomized tria]s,“(’ GPs were asked, where possible, to
have an independent person, such as the practice receptionist, identify suitable
patients so that potential selection bias by participating GPs would be minimi-
zed."’ Patients whose asthma was not well controlled (ACT score <19) were
provided with information about the study. The GP then checked other eligi-
bility criteria and obtain written informed consent.

Patient inclusion criteria were age 14 to 65 years, asthma not well
controlled (ACT score <19), and prescription for ICS/LABA twice daily for
at least 1 month. Exclusion criteria were asthma exacerbation (defined by oral
corticosteroid use, emergency department visit, or hospitalization) in the last
month, other major respiratory disease, for example, chronic obstructive
pulmonary disease, or serious uncontrolled medical condition, use of single
inhaler budesonide/formoterol maintenance and reliever therapy, shift work
with a variable roster, pregnancy or lactation, clinically important visual or
auditory impairment, and currently participating in another asthma study.

Interventions

UC (all GPs). GPs were asked at the first visit to review the patient’s
asthma control, prescribe a clinically appropriate dose of fluticasone propi-
onate/salmeterol, review and correct the pMDI technique, and provide and
review a written asthma action plan if the patient did not already have one. To
allow electronic inhaler monitoring, patients using budesonide/formoterol
(Turbuhaler) or fluticasone propionate/salmeterol (Diskus) were, with the
patients’ agreement, switched to fluticasone propionate/salmeterol pMDI for
the duration of the study. The GP gave each enrolled patient a bag containing 1
salbutamol inhaler, 1 month’s supply of fluticasone propionate/salmeterol at
the dose prescribed by the GP that day, the SmartTrack device, a baseline
questionnaire, a portable electronic peak flow meter (miniWright Digital,
Clement Clarke, Harlow, United Kingdom), a booklet including instructions
of use for the SmartTrack and miniWright Digital, and, if appropriate,
a large-volume holding chamber. Apart from reliever and controller inhalers
for the first month of treatment, no medications were provided to patients, to
avoid interfering with normal cost pressures on adherence. As soon as contact
details for enrolled patients were forwarded by the GP, the patient was
contacted by study staff to arrange a telephone call to collect initial data and
activate the SmartTrack device; the target was for this to occur within 7 days of
enrollment. During this call, patients were trained by telephone in the use of
the SmartTrack including how to replace an empty pMDI, how to complete the
monthly asthma questions, and, for IRF group patients, how to set up and
change reminder ringtones and ring times. The telephone training was piloted
with community patients before study start. Additional telephone support was
available to patients during the study if needed.

Follow-up care. At the follow-up visit, preferably after 4 weeks, the
GP was asked to assess the patient’s asthma control, review the asthma action
plan, and follow up on any discussions from the first visit. At the follow-up
visit, and throughout the study, any change in medications or doses, and
scheduling of other visits, was according to clinical need and the GP’s
judgment, that is, usual care. All changes in medications or doses were
recorded for subsequent adherence calculations.

PAD (groups 2 and 4). GPs were trained in empathic communi-
cation skills and goal-setting strategies, focusing on known barriers and
facilitators for intentional poor adherence. At the first visit with the GP, the
patient completed an evidence-based questionnaire on his or her attitudes and
beliefs about asthma and medications, developed by the researchers to identify
barriers to asthma adherence.”” From this, the GP used a preprinted plastic
template laid over the patient’s completed questionnaire to quickly identify
the patient’s strongest responses, indicating likely adherence barriers, and
used these to start a brief conversation about medication-taking attitudes
and behaviors; the GP then assisted the patient in setting 1 to 2 asthma man-
agement goals and strategies with which to achieve these goals.”® GPs were
provided with suggestions for nonconfrontational/empathic open-ended ques-
tions, customized color-coded discussion sheets relevant to each barrier iden-
tified by the questionnaire, and goal-setting cards. These resources were
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developed by the researchers in collaboration with a Community Advisory
Committee including asthma patients and GPs, checked for readability and
comprehension with patients and piloted with patients with asthma, and
approved by the ethics committee. The discussion sheets were printed on
color-coded 3-copy no carbon required copy paper, and the GP recorded
with checkboxes which topic(s) was addressed. The patient was given 1
copy of the discussion sheet and the goals and strategies card at the end of
the visit and mailed a second copy the following day, and the GP kept the third
copy in the patient’s file. The GPs were prompted to use their practice software
or post-it notes to facilitate following up at any subsequent visits on issues
identified during these discussions.

At the follow-up visit, the GP was asked to review the patient’s goals and
strategies. The GP and the patient could also choose to continue the previous
discussion topic, or to discuss a different adherence barrier.

IRF (groups 3 and 4). Atthe first visit, the GP explained to the patient
that the SmartTrack would record the date and time of each ICS/LABA actuation
and would play audiovisual reminders if scheduled doses were missed. Patients
received feedback about their daily inhaler usage whenever they made an
actuation or switched on the device. When a reminder sounded, it recurred at
increasing frequency for a maximum of 24 minutes, ceasing if actuation
occurred. With advice from the GP and/or telephone assistance from study staff,
patients set their own reminder times for morning and evening, weekdays and
weekends (this took <1 min). During the study, patients were able to choose a
different ringtone (from 14 options), change reminder times, choose a “flight”
option if traveling, cancel a reminder that was ringing, or switch reminders off,
mimicking the way the device would likely be used in clinical practice; any such
changes were recorded automatically by the device. Each month, the GP and the
patient received an e-mail prompt (including Web link) to view a graph of each
of their patients’/their own daily adherence over the previous 4 weeks. GPs were
encouraged to review adherence data with the patient at the follow-up visit and
any subsequent consultations. Patients could access their own adherence data at
any time on a password-protected secure Web site. It was expected that the
delivery of the interventions would add 10 to 20 minutes to the length of a
consultation, depending on the randomization group.

Randomization of GPs

Each GP’s patients represented 1 cluster. GPs were randomized separately
1:1 to active and control groups for the 2 interventions, using a 2 X 2 factorial
design, allowing the effect of the 2 interventions (given in addition to UC) to
be tested separately and together, in comparison with UC alone. Randomi-
zation of GPs was by a computer-generated program prepared by an
independent statistician before study start, with an automated minimization
algorithm to ensure a balance of randomization across 3 stratification factors:
practice location by socioeconomic area, GP speaking a second language at
home (as a surrogate for the likely ethnic balance of their patients), and GP
participation in asthma/chronic obstructive pulmonary disease clinical
management training in the past 12 months.

Blinding and allocation concealment

As with any behavioral strategy, blinding of GPs and patients to their own
randomized intervention(s) was not possible. To avoid selection bias, no
information about the study hypotheses or interventions was provided to GPs
during recruitment, in accordance with published guidelines about blinding of
nonpharmacological interventions and ethics for adherence studies.” Instead,
for promotion to GPs and patients, the study was described as testing different
strategies to improve asthma control in primary care, using practical tools
customized to patient needs. Blinding was facilitated by the provision of
training in asthma action plan writing and inhaler technique review for all
groups; for the UC group, this was the only intervention. Allocation conceal-
ment for GPs was maintained before study start, and revealed to each GP only
during the training workshop.

Patients were aware of the intervention that they received from their own
GP but not of the nature of other study interventions. With the approval of the
institutional review board, separate participant information statements and
consent forms were provided for each group. After each patient completed the
study, those in non-IRF groups received a verbal debrief explaining the
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SmartTrack functions, and were offered a confidential record of their
medication use. After data collection was completed, all patients and GPs
were informed in writing about the concealed study aims, interventions, and
study results. The research assistant collecting the primary outcome measure
(ACT score) was blinded to randomization groups.

GP training

GP training workshops (1-2 hours) were provided at convenient times and
locations. Participating GPs received Continuing Professional Development
points for attending training and for study participation. They receive a per-
patient reimbursement of AU $100, based on standard Australian primary care
rates, to cover workshop attendance, additional consultation time required for
study purposes, and retrieval of data from practice records.

Training for UC (all GPs). GPs in all groups were trained in brief
inhaler technique review and education, using methods developed for and
implemented in brief pharmacy interventions.” "' They were also provided
with brief training in practical GP-focused strategies for discussing, writing,
and reviewing individualized written asthma action plans.”'*> All GPs were
shown the basic SmartTrack functions, including the questionnaire menu
and how to replace a pMDI when empty.

Training for PAD. GP training for groups 2 and 4 included an
established educational module for teaching communication skills and
goal-setting strategies,” "' including a video, created for this study, showing
good and bad communication techniques, and role-playing of communication
skills in GP pairs with feedback from a trainer experienced in motivational
interviewing. The GPs were also given brief written resources, including
suggested language for eliciting and addressing relevant attitudes and beliefs,
and examples of relevant goals and strategies. GPs were specifically trained in
how to use the patients’” questionnaire responses and customized topic-specific
information sheets (driven by patients’ individual responses to a questionnaire
on attitudes and beliefs about asthma and medication)®” to discuss patients’
concerns about asthma or medications and to set asthma management goals
and strategies using empathic communication skills based on motivational
interviewing.

Training for IRF. GPs in groups 3 and 4 were trained in reminder
functions of the SmartTrack so that they could assist patients if required. GPs
were shown how to access the password-protected secure Web site each month
to obtain graphed feedback of their patients’ adherence.

Outcome and process measures

Data collection. GPs recorded basic demographic characteristics and
ACT score at the initial visit; other baseline characteristics including
exacerbation history, smoking status, and medications were collected at either
the initial telephone call by study staff (T0), aimed for within 7 days after
enrollment, or by baseline postal questionnaire. The primary outcome
measure (ACT score) and other patient-reported outcome measures, adverse
events and health care utilization, were collected by telephone at 2, 4, and 6
months after enrollment. Patients recorded FEV, and peak expiratory flow on
the MiniWright Digital device every 2 months; this was done during a tele-
phone call with direct coaching by study staff and feedback to ensure maximal
effort and reproducible results. These methods were piloted with community
patients with asthma before study commencement, and compared with results
from conventionally supervised maneuvers on the same day. A copy of the
FEV, results was provided to the patient’s GP. Patient attitudes (for non-
PAD groups) and patient and GP satisfaction data were collected by post.

The aim of these data collection strategies was to minimize contact
between study staff and patients, and to minimize the workload for GPs, so that
outcomes would represent real-life clinical practice. Data for health care
utilization and prescribing were provided by patients at each telephone call or
obtained from GP records at study end.

Primary outcome measure. The ACT is a validated 5-item
questionnaire (scored 5 = poor, 25 = good) for assessing asthma control in
clinical practice.”*™ An ACT score of 19 or less has 71% sensitivity and 71%
specificity for uncontrolled asthma by physician assessment. Improvement in
physician assessment by 1 level corresponds to an increase in of 1.88 * 3.1
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ACT score,” and the published minimum important difference in ACT
score is 3.7'* It has been estimated that 50% of the patients in primary care
will have an asthma score of 19 or less.”® For the primary outcome analysis,
ACT score was recorded by telephone at TO, aimed to be within 1 week
of enrollment, and at 2, 4, and 6 months, by a researcher blinded to the
randomization group.

Secondary outcome measures. Secondary outcome and
explanatory variables included electronically recorded adherence with
controller medication; a perceived adherence behavior questionnaire (the
Medication Adherence Rating Scale for Asthma [scored 1 = low, 5 =
high])®'°; patient attitudes to asthma medications (scored 4 = strongly agree
[low adherence barriers]; 0 = strongly disagree [high adherence barriers])"%;
the Hospital Anxiety and Depression Scale (scored O = low, 21 = high [scores
>11 indicate probable mood disorder])"'”; asthma-related quality of life (Mini
Asthma Quality of Life Questionnaire; scored 1 = poor, 7 = good)"'®; sched-
uled doctor visits; exacerbations as indicated by asthma-related urgent doctor
visits, emergency department visits, or courses of oral corticosteroids; FEV,
(as an independent predictor of risk of exacerbations); and adverse events.

GP satisfaction. After the workshop, GPs completed brief question-
naires about their satisfaction with the training. They rated their satisfaction
with and use of the interventions and study tools after initial training, and at 3-
monthly intervals and the end of the study. The use of the study tools was also
assessed from GP patient records at the end of the study.

Data analysis

The primary analysis was by intention to treat. The effect on the ACT score
of the 2 interventions separately, and of their interaction, was tested with a
mixed-model analysis. Outcomes measured at baseline (T0) and prestudy ICS
dose were included as covariates in the above mixed model, with GP clusters
and patients assigned as random effects to incorporate clustering by GP and all
available observations per patient over the 6-month study. A similar approach
was taken for secondary outcomes. The binary variable “proportion of patients
experiencing >1 severe exacerbation” was analyzed using a generalized
estimating equation model, with adjustment for exacerbation history (pred-
nisone courses in past 12 months at baseline) and clustering by GP. Analyses
were conducted using SAS statistical software (SAS Institute, Inc, Cary, NC).

Protocol violations

Given the pragmatic design of the study, and the desire to include a real-life
asthma population,Em it was decided that if, after enrollment, a patient was
identified from the records submitted by the GP or from information divulged
by the patient during the TO telephone call to have been ineligible, he or she
would not be removed from the study except if his or her participation would
have put him or her at risk. Of the 143 patients enrolled in the study, 8 failed 1
or more inclusion criteria (5 had received oral corticosteroids within the pre-
vious 30 days, and 3 were not taking ICS/LABA before the enrollment visit,
but were commenced on it by the GP at that visit). Of these, 1 patient was
excluded from the intention-to-treat analysis because of newly diagnosed
asthma and no prescription for ICS/LABA therapy at enrollment.
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