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Objectives: Asthma is a major public health problem
affecting a large number of individuals worldwide. The
effectiveness of medications depends on adherence to the
instructions of the prescriber. This study aimed to assess
and compare the effectiveness of a reminder card system
versus a mobile application to improve the medication
adherence of asthma patients in a tertiary care hospital.

Methods: This prospective interventional study was
conducted at a tertiary care hospital. The scores were
obtained from the Morisky medication adherence scale.

Results: In the card group, comparison of the baseline
and follow-up scores for medication adherence showed a
mean difference of 3.44, p = 0.001. The application group
showed a mean difference of 4.02, p = 0.001, which re-
flects a highly significant association. Comparison of the
effectiveness of reminder cards and the mobile applica-
tion showed a mean difference of 0.72, p = 0.088 (>0.05)
at baseline, showing no significant difference in adherence
status before intervention. After intervention there was a
mean difference of 0.86 (»p = 0.001 < 0.05), indicating a
significant difference in adherence status.

Conclusion: Provision of proper interventional tools can

improve asthma medication adherence. In this study, the
mobile application was found to be more effective than
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Introduction

Over the past century, rapid advances have been made in
the management of many chronic and acute health problems
requiring medication therapy, including diabetes, hyperten-
sion, high cholesterol, tuberculosis, and asthma. When left
untreated or undertreated, these conditions often lead to
complications that decrease patients’ quality of life and in-
crease the risk of death.’

To successfully treat a medical condition with medication,
three equally important elements must be present and work
synchronously. First, the condition has to be properly
diagnosed; second, medications must be available; and last,
treatments must be followed according to the prescriber’s
instructions. Strong evidence shows that many patients with
chronic illness have difficulty adhering to their recommended
medication regimen.2 Adherence to medication is the process
by which patients take their medication as prescribed,
further divided into three quantifiable phases: initiation,
implementation, and discontinuation.” Non-adherence en-
compasses a wide range of behaviours, both intentional and
unintentional, that lead to either underuse, overuse, or
erratic use of prescription medications.? Special effort and
attention should be devoted to addressing the issue of
nonadherence in chronic disease patients, as a WHO report
estimates that 50% of patient with chronic diseases in
developed countries do not take their medications as
prescribed.3

Asthma is a major public health problem affecting a large
number of individuals of all populations. The most recent
reviewed global estimate of asthma suggests that as many as
334 million people have asthma and that the burden of
disability is high (global burden of disease study (GBD);
2008—2010).> In asthma, adherence rates are particularly
challenging and range from less than 30% to 70—80%,
with less than 50% of children adhering to their prescribed
inhaled medication regimen. The main causes of non-
adherence in asthma patients include anxiety regarding side
effects, dependence, overdosage, awkwardness of taking
medication via a large volume spacer, denial of being asth-
matic or of the severity of the illness, the inconvenience of
treatment, forgetfulness, laziness, or carelessness, and un-
willingness to adapt their lifestyle, e.g., to quit smoking.’
Integration of personal effort with technology-driven medi-
cation adherence reminders may improve medication
adherence and have a positive effect on chronic disease
outcomes.

There are four types of intervention groups suggested by
Kripalani et al. for improving medication adherence: infor-
mational interventions, behavioural interventions, family
and social interventions, and combined interventions. A
medication reminder card is a simple, visual way to show all
of the medications that a person needs to take on a regular
basis using pictures and simple phrases to show each medi-
cine and its purpose, how much to take, and when to take it.
It is easier to understand than the complicated information
and instructions which typically come with medicines. In-
terventions using reminders are primarily based on the
principles of behaviour learning theory. Mobile applications
for medication adherence are regarded as an innovative, non-

invasive approach to evaluating and improving adherence
rates in patients.7 These can potentially consolidate all the
medication-specific information in a repository for the pa-
tient which is constantly accessible, and thereby provides a
systematic and efficient process to coach patients about their
disease condition and care. Currently available medication
adherence apps include MedCoach, Medisafe, Medi-Prompt,
and My Med Schedule.

Various methods have been reported to measure adher-
ence which can be divided into direct and indirect methods of
measurement. Self-report measures are simple and econom-
ical tools which can provide real-time feedback regarding
adherence behaviour and potential reasons for poor adher-
ence, including social, situational, and behavioural factors
affecting adherence. To measure medication adherence, one
method is the medication adherence questionnaire by
Morisky et al., the best known and most widely used scale for
measuring medication adherence, which identifies barriers to
nonadherence but not set efficiency. Items in the scale
address barriers to medication taking and permit health care
providers to reinforce positive adherence behaviour.® This
study was conducted to assess and compare the
effectiveness of a medication reminder card system versus a
mobile application to improve the medication adherence of
asthma patients in a tertiary care hospital.

Materials and Methods

A prospective interventional study was carried out for a
period of six months in 100 asthma patients of age greater
than or equal to 18 years in the pulmonology department of a
tertiary care referral hospital at Malappuram. Male and fe-
male patients who had been receiving drugs for asthma for
one month who were willing to participate were enrolled in
the study. Patients whose first language is not Malayalam,
health care professionals and pregnant women, and patients
with psychiatric co morbidities were excluded from the
study. A data collection form was designed and validated to
collect information necessary for the study. The Adherence
Survey Form was developed based on the MMAS-8 for self-
reporting of medication adherence by patients. The survey
form consists of eight questions, each with a yes or no
answer. Scoring for each question was as follows: For each
‘yes’ option a score of 0 was given, and for each ‘no’ option, 1
was given. A high adherence score was set as > 8, medium
adherence scores were set in the range 6—8, and a low
adherence score was set as < 6.

A medication remainder card was designed for asthma
patients based on a review of the literature to improve
adherence towards medication. The mobile application
named Medisafe was selected. It is an offline application of
16.07 MB, and its version 5.2.8 (Build 225, Medisafe Project
Ltd.) was used. This app allows patients to manually pro-
gram the alerts. Medisafe also allows users to adhere to their
medication schedules with a clean and simple interface. In
the pre-intervention phase, the design of the study and target
area identification (outpatients in the department of pul-
monology) were carried out first. A data collection form was
designed and questionnaires developed to assess adherence.
Patients’ demographic details were collected during their
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outpatient visit, and upon enrolment, patients were evalu-
ated for medication adherence using the adherence survey
form.

In the intervention phase, proper interventional tools
were selected in this phase suited to the patient. Patients were
divided into two groups. The first group were provided with
a medication reminder card which contains details about the
order in which the medications are to be taken, and the
second group were provided a mobile application which
gives alert messages to patients at their administration time.
The post-intervention phase mainly consisted of follow-up
visits. Most of the patients were followed up in subsequent
appointments at an interval of one month to reassess their
adherence score, and the others were followed up by tele-
phone interviews. The adherence score at the time of follow-
up was recorded using the same adherence survey form, on
the basis of which statistical analyses were carried out. Data
collected from the study were tabulated in Microsoft Excel
2010 and keyed into the Statistical Package for Social Science
(SPSS Inc. Chicago, II, USA) computer software version 20
for windows and analysed by appropriate statistical
methods. Statistical analysis was both descriptive at 95%
confidence level. Continuous variables were analysed using
means, percentages, and standard deviations, while discrete
variables were analysed using proportions. Chi-square tests,
independent z-tests, and paired z-tests were used for the sta-
tistical analysis of the follow-up clinical data variables. A
two-tailed probability value < 0.05 was considered statisti-
cally significant.

Results and discussion

This study was designed to compare the effectiveness of
the medication reminder card and mobile application in
improving the medication adherence of asthma patients.
During the six-month study period, a total of 100 patients
were identified and enrolled in the study, of whom 50 pa-
tients were provided with medication reminder cards and
the other 50 patients with the mobile application. Of the
patients in the card group, 40% were male and 60% were
female, while in the application group, 50% patients were
male and 50% were female. No significant difference be-
tween male and female patients was found between the
groups (Xz = 1.01, df = 1, p > 0.05), so there was no
significant relationship between asthma and gender
(p > 0.05) in our study population. In the card group, the
highest number (20%) of patients belonged to the age
group above 45, and the fewest patients (1%) belonged to
the 36—40 age group. In the application group, the highest
number (15%) belonged to age group 25—30 and the
fewest (3%) to the 41—45 age group. There is no significant
difference in the numbers of patients in different age
groups (p > 0.05).

Usually the development of asthma in adults is associated
with a past medical history of either childhood asthma or
allergic rhinitis. In the card group 86% of patients had
allergic rhinitis and 42% had childhood asthma, while in the
application group 64% had allergic rhinitis and 40% had
childhood asthma (Figure 1). In both groups, the number of
patients with allergic rhinitis was higher than that with
childhood asthma, and there was no significant correlation
between childhood asthma and adult asthma (p > 0.05).

However, there was a significant association between
allergic rhinitis and asthma (p < 0.05). This study
correlates with Compalati et al.,() in which association
between allergic rhinitis and asthma was found to be
significant. In the card group, 30% had a history on the
maternal side and 14% on the paternal side, while in the
application group, 28% had a history on the maternal side
and 16% on the paternal side. Here the association
between asthma and family history is slightly greater on
the maternal side. This matches the results of Augusto et al.!’

In the card group, the highest number of patients had
GERD (60%), followed by DM (32%), and 30% had HTN.
In the application group, the highest number of patients had
GERD (48%) followed by 12% of patients had DM and
HTN respectively. There were more patients with GERD
than HTN and DM in both groups (Figure 2), and the
association between asthma and comorbidities is greater
for GERD than for DM and HTN. This corresponds to
the findings of Subhashini et al.,ll and shows that the
prevalence of GERD in asthmatics was 51.9% and higher
in female asthmatics than in men. Moreover, out of 100
patients in the selected population, 25% were smokers,
showing that there was no significant association between
smoking and asthma (p > 0.05) in our study population.

Pills, inhalers, and aerosols are the most common dosage
forms of asthma medications. In this study we evaluated the
patients’ adherence to these dosage forms. Out of 100 pa-
tients, 56% patients showed high, 42% medium, and 2% low
adherence to pills. In the case of inhalers, 64% had medium,
29% low, and 7% high adherence, but in the case of aerosols,
only 4% showed high adherence, while 62% had medium
and 34% low adherence. Out of 100 patients, only 2%
showed high adherence to spacers, 43% medium, and 55%
low adherence (Figure 3). Adherence status showed a highly
significant difference before and after intervention. Before
intervention, ‘low’ adherence was significantly higher than
‘medium’ and ‘high’ adherence, while after intervention
there was a significant increase in ‘medium’ and ‘high’
adherence. According to this study, adherence to inhalers
and spacers is lower than for other dosage forms. This
matches the findings of Bender et al."”

To assess the adherence score of patients, the 8-item
Morisky medication adherence questionnaire (MMAS-8)
was used. This self-reporting scale contains a series of eight
questions. In the card group, 90% of the patients responded
that they are forgetful in taking their medication, which
after intervention was reduced to 8%. In the application
group 92% showed forgetfulness, while after the application

100%
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Figure 1: Past medical history of asthma.
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Figure 2: Comorbidities of asthma.

was installed nobody responded ‘yes’. At baseline, 50% of
the patients in both the card group and the application
group agreed that they sometimes miss taking their medi-
cation for reasons other than forgetting, while after inter-
vention only 12% responded ‘yes’. In the card group, 42%
of the patients agreed that they sometimes stop their medi-
cation without telling their doctor, which after intervention
was reduced to 4%. After intervention, the application
group showed a significant decrease in stopping medication:
Almost 74% of the patients had forgotten to take their
medicine when travelling or leaving home, and this was
reduced significantly after intervention. Most of the patients
(54% in the card group and 68% in the application group)
stopped taking their medication when they felt like the
symptoms were under control, while after intervention this
was reduced to 20% in the card group and nobody stopped
their medication in the application group. Both the card
group and application group indicated that it was inconve-
nient to stick to their treatment plan even after the provision
of intervention. Question 8 in the MMAS-8 scale was used
to assess the patient’s level of difficulty in remembering their
medication. In the card group, 34% choose the option
‘sometimes’ and 34% ‘usually’ at baseline, while after
intervention, 52% choose the option ‘once in a while’. In the
application group, on the other hand, 50% of the patients
agreed that they usually forget to take their medicine, but
after intervention 60% agreed that they forget to take it only
once in a while.

We conducted this study to compare the change in the
adherence status of asthmatics before and after the provision

70%
60%

2%
50%

40%

30% 34%

20%
10%
4% 2%
0%
HIGH MEDIUM Low

EPILLS ®INHALERS AEROSOLS

ELOW mMEDIUM HIGH

CARD FOLLOWUP

100%

50%
2%
0%
CARD

Figure 4: Comparison of adherence status in card group before
and after intervention.

of the respective interventions. In the card group, rates of low
adherence (66%) were higher than medium and high
adherence (2%) before intervention, while after intervention
the rate of low adherence was reduced to 6% and high
adherence increased to 38% (Figure 4). Comparison of the
baseline score of medication adherence with that at follow-
up revealed a mean difference of 3.44, p = 0.001 (Table 1),
which shows a highly significant association (at a 5% level
of significance) between medication adherence and the
intervention provided (pill reminder card). This finding is
comparable to that of the study conducted by Hayenes
et al."’ In the application group, low adherence (82%) was
higher than medium and high adherence (0%) before
intervention, while after intervention medium (48%) and
high (52%) adherence showed significant increases and
nobody showed low adherence (Figure 5). Comparison of
the baseline score of medication adherence with the follow-
up revealed a mean difference of 4.02 (p = 0.001) (Table 2),
which showed a highly significant association at a 5% level
of significance between medication adherence and the
intervention provided (mobile application). This matches
the study findings of Ganger et al.'

Comparison of the effectiveness of the pill reminder card
and the mobile application in improving the medication
adherence of asthma patients showed a mean difference of
0.72 and a p value of 0.088 (>0.05) at baseline, which reveals
no significant difference in adherence status before inter-
vention. After intervention, comparison of the card and
application groups showed a mean difference of 0.86, and a p
value of 0.001 significant at a 5% level of significance
(Table 3), which indicates a significant difference in
adherence status after intervention. This study concludes

60%
50%
40%
30%
20%
10%
2%
|

0%
HIGH MEDIUM Low

Figure 3: Adherence behaviour to different dosage forms.
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Table 1: Score obtained — comparison of card group (n = 50).

Mean SD t value p value
Card 4.28 2.17 14.17 0.001*
Card follow up 7.72 1.40

 Significant at 5% level of significance.

= LOW mMEDIUM HIGH

100%
=
0% b
APPLICATION APPLICATION FOLLOWUP

Figure 5: Comparison of adherence status in application group
before and after intervention.

Table 2: Score obtained — comparison of application group
(n = 50).

Mean SD t value p value
Application 3.56 2.00 16.64 0.001*
Application follow up 8.58 1.07

 Significant at 5% level of significance.

Table 3: Comparison between card and application group.

Score Group Mean SD Mean t value p value

obtained difference

Before Card 428 2.17 0.72 1.726  0.088
(n = 100) Application 3.56 2.00

After Card 7.72  1.40 0.86 3.45  0.001°

(n = 100) Application 8.58 1.07

# Significant at 5% level of significance.

that the mobile application is more effective than the pill
reminder card in improving medication adherence in
asthma patients.

Conclusion

From this study, it was found that the medication
adherence was very low among asthma patients before
intervention and the overall adherence was significantly
increased after intervention. Forgetfulness is a major barrier
to adherence, which can be significantly reduced with either
the pill reminder card or the mobile application. The ma-
jority of asthma patients had a past medical history of
allergic rhinitis. Among the major comorbidities, the preva-
lence of GERD was the highest among this sample of asthma
patients. This study confirms the need for patients with
asthma to be evaluated for GERD and to be treated to
reduce morbidity.

This study concludes that the provision of proper inter-
ventional tools can improve asthma medication adherence,

and of the two interventions, the mobile application was
found to be more effective than the medication reminder
card.
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