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An audiovisual reminder function improves
adherence with inhaled corticosteroid
therapy in asthma
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Background: Adherence to medication regimens is poor in the

management of chronic diseases, including asthma.

Objective: To determine whether an audiovisual reminder

device improves adherence with inhaled corticosteroid

(ICS) therapy in adult asthma.

Methods: A randomized open-label parallel group study of 110

adult or adolescent subjects with asthma was undertaken.

Subjects were randomized to receive 24 weeks of fluticasone

propionate 250 mg, 1 actuation twice daily via a metered dose

inhaler (MDI) with or without an audiovisual reminder

function (AVRF). All MDIs had electronic covert adherence

monitors. The primary outcome variable was adherence,

defined as the proportion of medication taken as prescribed

over the final 12 weeks of the study. Adherence was also

assessed as the proportion of subjects who took >50%,

>80%, or >90% of prescribed medication.

Results: The proportion of medication taken in the last 12

weeks was greater in the AVRF group (93%) compared with

the control group (74%), with a difference of 18% (95%

confidence interval [CI] 10-26%; P < .0001). The proportion of

subjects taking >50%, >80%, or >90% of their medication was

greater in the AVRF group, with a ratio of proportions

adherent of 1.33 (95% CI, 1.10-1.61; P 5 .003), 2.27

(95% CI, 1.56-3.3; P < .0001), and 3.25 (95% CI, 1.74-6.1%;

P < .0001), respectively.

Conclusion: An audiovisual reminder function can significantly

improve adherence with ICS therapy in adult asthma.

Clinical implications: An audiovisual reminder function has

potential to improve adherence with medication regimens

across a wide spectrum of diseases, in both research and clinical

practice. (J Allergy Clin Immunol 2007;119:811-6.)
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Adherence to medication regimens is poor in the long-
term management of chronic diseases.1-4 This result has
been shown in both clinical practice and research settings
and is associated with worse outcomes. The situation is
of particular concern in asthma, in which adherence to
inhaled corticosteroid (ICS) therapy is usually less than
50% and is associated with worse outcomes, including
an increased risk of mortality.5-8 Numerous strategies
have been attempted to improve adherence; however, their
effects have been generally disappointing, and it is recog-
nized that innovative strategies are required.

Although the underlying reasons patients do not take
their medications as scheduled are multiple and complex,
unintentional nonadherence because of poor motivation,
limited understanding, or simply forgetting is more com-
mon than previously thought.5,9 One potential approach to
overcome poor adherence is the use of an electronic audio-
alarm to remind patients when they should take their med-
ication. Preliminary evidence suggests that this strategy
may be effective in the treatment of a range of disorders,
including glaucoma, schizophrenia, and vitamin supple-
mentation.10-12 To extend this approach to the man-
agement of asthma, an audiovisual reminder function
(AVRF) has been developed for integration in the standard
ICS metered dose inhaler (MDI). This device, the
Smartinhaler (Nexus6 Ltd, Auckland, New Zealand),
has the capability to emit an audible reminder at preset
designated times, as well as a visual cue, which shows
patients whether they have taken their inhaler during a des-
ignated period. The inclusion of an electronic covert
adherence log to record MDI use allowed its efficacy to
be assessed in this randomized, controlled clinical trial
in adult asthma.

Abbreviations used
ACQ: Asthma control questionnaire

AVRF: Audiovisual reminder function

FP: Fluticasone propionate

ICS: Inhaled corticosteroid

MDI: Metered dose inhaler

PEF: Peak expiratory flow
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FIG 1. The consort diagram for the inclusion of subjects in the clinical trial. LABA, long-acting b-agonist. There

were 11 subjects in the AVRF group and 9 subjects in the control group who did not provide data in the final

12-week period of the study. Social/medical reasons included trying to conceive, excessive phlegm, dizziness,

chest infection, brain tumor, and heart attack (fatal).
METHODS

Subjects

Adolescent and adult subjects aged 12 to 65 years with a diagnosis

of asthma were enrolled in this study (Fig 1). Subjects were recruited

from research volunteer databases, newspaper advertisements, and

informal contacts. Inclusion criteria were the requirement to take reg-

ular ICS at a fixed dose, no exacerbation in the previous month or run-

in period, not pregnant or lactating, and if of child-bearing potential,

using contraception. Exclusion criteria were a diagnosis of chronic
obstructive pulmonary disease, the use of a long-acting b agonist,

or a history of other clinically significant disease. The requirement

for subjects not to be taking a long-acting b-agonist was to

avoid the potential influence of such therapy on adherence to ICS

therapy.

Design

The study was undertaken at the P3 Research clinical trials facility

in Wellington, New Zealand. Subjects were randomized to receive

1 of 2 fluticasone propionate (FP) treatment regimens:
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1. FP 250 mg twice daily via the Smartinhaler MDI with covert

adherence monitoring.

2. FP 250 mg twice daily via the Smartinhaler MDI with covert

adherence monitoring and AVRF.

The randomization was by reference to a computer-generated

random code concealed from the researcher who opened an envelope

at the time of randomization. After a 2-week run-in period, subjects

were randomized to receive 1 of the 2 FP treatment regimens for a

24-week period. All patients used a salbutamol MDI for relief of

symptoms throughout the study. Subjects attended the clinic at weeks

0, 6, 12, 18, and 24. At the clinic visits, subjects completed the asthma

control questionnaire (ACQ)13 and had 3 measurements of peak ex-

piratory flow (PEF) with the highest value recorded. Subjects were in-

structed not to take their short-acting b-agonist for 6 hours before the

clinic visits. At the end of the study, the subjects completed a written

questionnaire, which included a question asking how many doses the

subject thought they had missed during the previous 4 weeks.

Blinding

Subjects were informed that the purpose of the study was to

determine the outcome when patients with asthma on a wide range of

ICS doses and inhaler devices were changed to standard treatment via

the novel Smartinhaler MDI device. Subjects were not informed of

the electronic adherence monitor placed within their FP MDI. All

subjects were instructed to take their FP, 1 actuation twice a day, on

the basis that this represented the optimal ICS regimen in asthma.

This approach was developed after discussion with the Wellington

Ethics Committee, which approved the study. All subjects gave

written and informed consent.

Smartinhaler

The Smartinhaler is basically a novel casing in which the standard

MDI canister is inserted. Different electronic functions can be

contained within the casing. In both groups, the Smartinhaler incor-

porated a covert electronic monitoring device, which recorded the date

and time of actuations of the MDI. This information was uploaded

to a computer after the participant’s visit to the study center. The

incorporation of the monitoring device did not alter the function of the

MDI.

In the active group, the Smartinhaler also contained an AVRF.

When the alarm was switched on, it generated a single beep, which

sounded once every 30 seconds for 60 minutes after the predesignated

time, which was programmed into the device. The alarm stopped if

the MDI was actuated or after 60 minutes if not taken. The device was

programmed to emit the alarm at predetermined times twice a day.

The AVRF also had a colored light, which was green before MDI

use, changing to red once the MDI was taken. This function served

to remind patients whether they had taken the MDI as scheduled.

At each clinic visit, the patient was issued with further supplies of FP

in the Smartinhaler device.

Statistical methods

The primary outcome variable, adherence defined as the propor-

tion of medication taken as prescribed over the latter half of the trial

(expressed as a percentage), was to be compared with a t test, and the

sample size calculation was performed on this basis. In the event, the

adherence data was skewed and a Mann-Whitney test was performed

as the primary analysis. To be adherent, subjects had to take 2 sepa-

rate doses, at least 6 hours apart, every day. Multiple doses taken dur-

ing any 6-hour period were counted as a single dose. If a subject took

a dose after midnight before going to bed, this was considered to rep-

resent a dose for the previous day. Thus, for each day, the maximum

possible adherence was 100% if subjects took 2 doses, separated by at

least 6 hours, with adherence truncated to 100% for doses greater than
this amount. As a secondary analysis adherence was also as-

sessed as the number of subjects who took >50%, >80%, and

>90% of the prescribed medication, compared by calculation of the

relative risk and its 95% confidence interval (CI), together with a

x2 test.

Other secondary analyses were the proportion of medication taken

as prescribed by time period expressed in 2 ways: first in 2-week

periods around the times of clinic assessment, and second in the

4 time periods between clinic assessments. These assessments were

analyzed by a Mann-Whitney test at each time period, as normality

assumptions were not met as the data were skewed. The relative risk

for adherence was also calculated for the number of subjects who took

>50%, >80%, and >90% of the prescribed medication. For the

secondary outcome variables, the PEF was analyzed by simple t tests

by visit and by a general linear mixed model. The ACQ scores were

analyzed for each clinic visit by a Mann-Whitney test. The difference

between estimated and actual inhaler use was tested within subjects

by a Wilcoxon signed rank test and between subjects by a Mann-

Whitney test.

For the general linear mixed model for PEF, the visit 1 measure-

ment was treated as a baseline covariate and an unstructured

variance–covariance matrix was specified for the correlation structure

for the repeated measurements. A treatment by visit interaction was

tested for statistical significance, and if this was not significant (P >
.05), then treatment main effect and visit main effect were also tested

for significance. Although a conventional level of significance,

P 5 .05, was used for individual statistical tests and associated

95% CIs, caution should be used in interpreting the secondary anal-

yses because of the multiple statistical tests carried out.

‘‘Dose dumping’’ was identified if�10 actuations occurred within

a 3-hour period. Poisson regression was used to estimate the ratio of

the count of dumping episodes to the number of periods of obser-

vation for each treatment group and the difference between the

2 groups. As Poisson regression operates on a logarithmic scale, the

result was expressed as a ratio of rates of dumping.

SAS version 9.1 (SAS Institute, Inc., Cary, NC) and Minitab

version 14 (Minitab, Inc., State College, Pa) were used.

Power calculation

Power calculations were based on an estimated mean adherence of

about 70%, with an SD of 18, in a group without a reminder function.

To detect an absolute difference of adherence of 10% at the 5%

level of significance and with 80% power, 50 participants are needed

in each arm of a 2-arm trial and 100 in total. Therefore, allowing

for a dropout rate of around 10%, 110 subjects were recruited in the

study.

Role of sponsor

The sponsor had no involvement in the study design; collection,

analysis, or interpretation of the data; the writing of the report; or the

decision to submit for publication.

RESULTS

There were 110 subjects with asthma (50 men) ran-
domized in the study. These subjects were aged between
13 and 65 years and on entry were taking a median (range)
daily dose of BDP or equivalent of 500 mg (100-4000 mg
per day). There were no differences in baseline character-
istics between the 2 groups (Table I). By the completion
of the study, 11 and 9 subjects in the AVRF and control
groups, respectively, did not provide data in the final
12-week period of the study (Fig 1).
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Primary outcomes

The mean (SD) of the percentage of medication taken in
the last 12 weeks of the trial was 88% (16) and 66% (27)
in the AVRF and control groups, respectively. The median
(interquartile range) was 93% (88% to 97%) and 74%
(49% to 88%), respectively. The absolute difference in
median percentage between the 2 groups was 18% (95%
CI, 10% to 26%), P < .0001 by the Mann-Whitney test.

Secondary outcomes

The proportion of subjects taking >50% of their
medication was 95.5% (42/44) in the AVRF group
compared with 71.7% (33/46) in the control group. The
ratio of proportions adherent with >50% of their medi-
cation associated with the AVRF was 1.33 (95% CI,
1.10-1.61; P 5 .003).

The proportion of subjects taking >80% of their
medication was 88.6% (39/44) in the AVRF group
compared with 39.1% (18/46) in the control group. The
ratio of proportions adherent with >80% of their medi-
cation associated with the AVRF was 2.27 (95% CI,
1.56% to 3.30; P < .0001).

The proportion of subjects taking >90% of their
medication was 63.6% (28/44) in the AVRF group
compared with 19.6% (9/46) in the control group. The
ratio of proportions adherent with >90% of their medi-
cation associated with the AVRF was 3.25 (95% CI,
1.74% to 6.10; P < .0001).

In both treatment groups, adherence fell during the first
12 weeks of the trial but then remained relatively stable for
the remaining 12 weeks of the trial. At all time points, the
adherence with medication was higher in the AVRF group
(difference in median adherence by visit was 7% to 21%;
all P < .0001) (Table II and Fig 2).

In the final 4 weeks of the trial, the AVRF group
underestimated missed doses by a mean (SD) of 3 (10.8)
doses and the placebo group by a mean (SD) of 12.2 (13.1)
doses. This underestimation was considerably greater in
the placebo group compared with the AVRF group, with
an estimated median difference of 8 (95% CI, 3-15; P 5

.001). The median number of missed doses not self-
reported by the patients was 2.0 and 11.5 in the AVRF
and control groups, respectively.

There were 53 occasions on which subjects self-
administered �10 actuations within 3 hours, 12 (23%)

TABLE I. Characteristics of subjects with asthma

AVRF

(n 5 55)

Control

(n 5 55)

Age (y): median (range) 39 (13-65) 35 (15-64)

Baseline ICS dose:

median (range)*

500 (100-2000) 500 (100-4000)

PEF: mean (SD)� 434 (99) 444 (128)

Male 28 22

Withdrawals� 11 9

*ICS dose: mg/day beclomethasone dipropionate or equivalent.

�PEF: L/min.

�See Fig 1.
occurring on the day of the scheduled visit (Fig 3). There
were 10 occasions on which dose dumping occurred in
the AVRF group and 43 occasions in the control group.
The difference in the rates of dose dumping was 0.25
(95% CI, 0.09-0.7; P 5 .008).

No significant differences occurred in clinical outcomes
between the 2 groups. At the last clinic visit, the mean (SD)
PEF was 456 (113) L/min and 454 (129) L/min in the
AVRF and control groups, respectively (difference 2 L/
min; P 5 .95). At the last clinic visit, the median (interquar-
tile range) ACQ score was 0.5 (0-1.0) and 0.5 (0.2-1.2) in
the AVRF and control groups, respectively (difference 0;
P 5 .33).

DISCUSSION

This study has demonstrated that an AVRF can sig-
nificantly improve adherence with ICS therapy in adult
asthma. The absolute difference in adherence was large, at
around 18%, and the proportion of subjects who achieved
more than 80% and 90% adherence was between 2- and
3-fold higher in the subjects who had the AVRF.

Methodologic issues

Several methodological issues were considered in the
study design that are relevant to the interpretation of the
study findings. The study was of 6-month duration to
ensure sufficient time to allow the subjects to revert to
normal practice during the study, with adherence likely
to be higher initially because of participation in the research
project. This pattern was observed in our study in which
adherence fell during the initial 12-week period of the
study and then remained relatively stable.

Subjects were informed that the purpose of the study
was to assess the efficacy of a standard dose of ICS from
a new asthma inhaler in a large group of patients, with
asthma previously taking different ICS doses from differ-
ent devices. Subjects were not told that the assessment
of adherence was the primary outcome of the study as
this had the potential to change patient behavior.5,9,14-16

Ethical approval for this approach was obtained on the ba-
sis that there was no other way to collect this information,
no harm was anticipated, and the subjects were likely to
benefit from participating in this clinical trial.

For the subjects in the AVRF group, the device was
programmed to emit an audible reminder at the

TABLE II. Difference in median adherence by visit

(Mann-Whitney test)

Visit

AVRF minus control

% (95% CI) P value*

1 7 (4-14) <.0001

2 14 (10-22) <.0001

3 21 (11-29) <.0001

4 18 (10-29) <.0001

5 18 (10-29) <.0001

*Mann-Whitney test.
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FIG 3. Medication use in control subject with the worst adherence. Note proximity of dose dumping to clinic

visits (Y).

FIG 2. Box plot of adherence versus visit and treatment.
predetermined times designated by the participant. The
alarm would sound (regular beeps) at this time and stop
once the subject had used the MDI or alternatively after 60
minutes if the MDI was not actuated. As a result, the MDI
would not be used only if the subjects deliberately chose
not to do so or if they were not within an audible distance
of the device. In addition, the visual display would change
from green to red once the dose had been taken to remind
subjects that they had done so.

FP was prescribed at 500 mg per day to ensure that most
subjects received the maximum possible benefit from their
ICS therapy. We have previously shown that, for all
clinical outcome measures including exacerbations, 80%
to 90% of the maximum obtainable benefit of FP is
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achieved at a daily dose of 200 mg per day and that on
average the maximum benefit is achieved at 500 mg
per day.17,18 As a result, this regimen ensured that, even if
subjects had 50% adherence, they would gain most of
the maximum obtainable benefit of FP, which is likely
to explain the lack of difference in lung function or quality
of life between the 2 groups.

Main findings

In this study, the AVRF improved adherence from a
median of 74% to 93%, with a 2- to 3-fold greater number
of subjects achieving 80% and 90% adherence with the
AVRF, respectively. Perhaps more importantly, around
1 in 4 subjects had <50% adherence in the control group,
compared with around 1 in 20 with the AVRF. Improving
adherence to >50% is likely to have major clinical benefit
in the long-term management of asthma.

In normal clinical practice, adherence is less than in the
research setting. The magnitude is illustrated by the study
from the United States in which electronically measured
adherence to both oral and ICS dropped to around 50%
within 7 days of discharge from hospital after a severe
exacerbation8 compared with around 70% in our control
group after 6 months. Whether the impact of the AVRF
on adherence is relatively greater in clinical practice, rather
than in the research setting, will require further study.

Clinical implications

The findings have major implications beyond those of
asthma in which poor adherence can be considered to be a
major determinant of outcome.7,19 This strategy could be
adapted for use with other non-inhaled forms of medica-
tion in chronic diseases (for example, HIV, mental health
disorders, and diabetes), patient groups (for example,
elderly and adolescent), or other specific conditions (for
example, Helicobacter pylori eradication) in which adher-
ence may be poor or outcomes may be strongly associated
with adherence.

The findings also have major implications regarding
the design and conduct of clinical research studies. Poor
adherence to medication regimens can markedly reduce
the ability of a clinical trial to determine efficacy or, for
that matter, adverse effects. For example, it has been
estimated that, when study participants have an average
adherence rate of 50% of the therapeutic dose, it can take 4
times as many participants to detect an effect of a given
size than if the adherence rate was 100%.20 Consideration
needs to be given to using a simple electronic alarm device
in clinical trials of therapeutic agents.

In summary, this study has shown that the AVRF can
significantly improve adherence with ICS therapy in adult
asthma. The AVRF has major potential to improve adher-
ence with medication regimens across the spectrum of
chronic diseases, both in research and in clinical practice.*

*In this manuscript, the term adherence has been used instead of the term com-

pliance because of the willing partnership between the clinician and patient

in the setting of the research study.21,22
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