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Abstract

Background: Although inhaled corticosteroids and long-acting 2-agonists are well-established as the cornerstone of asthma treatment, patient adherence has been consistently
shown to be suboptimal. In fact, non-adherence has a negative impact on asthma control, patient quality of life and therapy cost effectiveness. Non-adherence to prescribed treatments
appears to be a mostly predominant phenomenon in the asthma population, sensibly limiting patients’ quality of life, and negatively impacting on the overall sustainability of healthcare
systems. Electronic devices can reasonably improve patient's adherence to treatments by providing regular reminders and motivational messages. Moreover, they can collect real-life

data on drug usage to retrieve possible patterns associated with increased compliance.

Objective: The Turbu+™ program aims at collecting daily real-life data of drug usage inhaled doses to estimate treatment adherence to Symbicort® (budesonide, formoterol)
Turbuhaler®. Additionally, the program can serve to identify possible patterns of medication usage.

Methods: A total of 497 asthma patients were included in the analysis. Patients were prescribed Symbicort® maintenance therapy or Symbicort® Maintenance and on-demand Anti-
inflammatory Reliever Therapy (referred as SMART approach). Treatment adherence was measured every 30 days and calculated over a 360 days follow-up window of time since the

recruitment of the patient in the program.

Results: The average medication adherence with the use of Turbu+™ e-device was assessed as 65.9% over the entire follow-up time. Adherence was significantly increased when
Symbicort® was associated with prescribed as on-demand Anti-inflammatory Reliever Therapy (SMART approach).

Conclusion: Our evaluation these observations may highlight an overall incrementation of asthma treatment adherence with the utilization of the Turbu+™ e-device as compared with
literature. Asthma patients appear to be more compliant with SMART approaches, reflecting a likely improved control over different types of symptoms compared to other therapeutic

options.
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Introduction

Asthma, a disease affecting almost 35 million individuals in Europe and
the United States, can today benefit from a multitude of effective therapies
granting an improved life expectancy as compared with the past [1,2].
Taking into account asthma heterogeneous clinical manifestations, ranging
from mild to severe forms, chronic pharmacotherapy is recommended by
international guidelines to maintain satisfactory disease control and thereby
to grant reach optimal asthma management [3-5].

However, several factors are known to impact negatively on overall
disease control, mainly arising as a direct consequence of patient's reduced
adherence to treatments. As documented in the literature, the quality of
asthma management is still suboptimal and shows large improvement
margins [6-8]. Non-adherence to prescribed medications can be due to the
patient's deliberate choice or due to simple inattention or to poor inhalation
technique. The phenomenon has been reported to range between 30%-
70% of the total treated population, indicating a very low rate of compliant
patients. On average, adherence rates worldwide have been estimated
as 50% in several published studies [9-12]. In the majority of cases,
reduced adherence can be the result of a lack of education and motivation,
highlighting the need for improved communication between patients and
clinicians [3].
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Uncontrolled asthma generated by treatment non-adherence is
associated with a dramatic worsening of patient’s quality of life. Moreover,
it leads to an overall exacerbation of health care costs due to the need
for rescue therapies, and increased exacerbations and hospitalization
rates [9,13,14]. Thus, efforts directed towards the improvement of patient
adherence to pharmacotherapies would not be only beneficial for patients,
but also for the overall sustainability of healthcare systems [12,15].

In recent years, novel technologies comprising digital monitoring
devices (or e-devices) have been coming of age with regards to multiple
healthcare-related fields; e-devices can provide support for optimal
medication use by providing regular reminders and motivational messages
to patients, allowing the overall improvement of asthma control [16,17]. The
integration of digital devices in real-life clinical practice can nonetheless
provide a novel tool to collect quality data on drug usage and actual patient’
compliance with regards to prescribed treatments, ultimately supporting a
patient-centric approach [16,18].

Turbu+™ device

Among novel e-devices, the Turbu+™ program has been ideated to
improve asthma management and to support therapeutic adherence to
Symbicort® (budesonide, formoterol) Turbuhaler®. The device, thanks to the
integrated Smart inhaler technology™, can effectively support adherence
to therapy by push-notifying patients and by reminding them to self-
medicate on time. The device can also provide motivational messages to
the patients, a function that is particularly useful with regards to long-term,
chronic treatments. Moreover, the Turbu+™ program effectively collects
data concerning real-life drug usage, rendering it possible to retrieve an
accurate snapshot of current patterns of use while discriminating between
clinical outcomes resulting from poor response to therapies or missed
inhalations. Patients enrolled in the Turbu+™ program can also upload
information regarding symptoms possibly experienced during the day,
a strongly desired function considering the significant heterogeneity of
both patients’ comorbidities and disease manifestations [4]. Real-life data
collected by the Turbu+™ e-device can be accessed by both patients and
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their treating clinicians and can support improved communication between
the two parties, ultimately boosting disease awareness and the importance
of regular inhalations adherence to prescribed therapies. Nevertheless,
data collected by e-devices may allow for improved disease management in
concert with health-economic perspectives evaluations [16].

Methods

Patient’s population

For the purpose of the present analysis, a total of 497 asthma patients
were enrolled in the Turbu+ program by pulmonologists and allergists in
public and private secondary care centers across Italy (Rome and Naples).
All patients were prescribed Symbicort® maintenance therapy (223/497)
or Symbicort® Maintenance and on-demand Anti-inflammatory Reliever
Therapy (SMART approach, 274/497). Medication adherence was assessed
every 30 days for a total follow-up of 360 days.

Each patient was provided a Turbu+™ device after proper training on
its correct use. The device, after being securely attached to the inhaler and
linked to a companion smartphone app, was thus able to notify patients
about correct drug administration while collecting objective data regarding
medication usage and therapeutic adherence. By connecting the Turbu+™
device to the inhaler and their smartphones, patients were able to view their
actual Symbicort® use. This analysis was completed using data collected
from users of V2.1 of the Turbu+™ program.

Adherence calculation

Average medication adherence was defined as the proportion of daily
maintenance inhalations taken as prescribed (number of actual maintenance
inhalations per day/number of maintenance inhalations prescribed per day)
and averaged over the monitoring period. Inhalations exceeding the daily
prescribed puffs (referred to as on-demand inhalations) were not included
in the present analysis. The standard deviation was calculated to determine
the grade of data dispersion.

Results

Average medication adherence

Overall, average medication adherence (+ standard deviation) over
the entire follow-up period was calculated as 65.9% (+ 2.4). Although
compliance tended to decrease after initial evaluation at day 30 (72.0%),
patients were recorded to maintain treatment adherence over time, with
the lowest value recorded at day 150 (63.3%) (Figure 1). Importantly, the
evaluation of average medication adherence showed consistent trends over
the total follow-up time. Average medication adherence was never recorded
to drop below 63.3%, irrespectively from the type of received treatment. At
the end of the observation time (day 360), average adherence resulted in
being as high as 65.7%.
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Figure 1. Average medication adherence.
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Drug usage patterns

As part of the present analysis, medication adherence has also been
calculated by comparing two different therapeutic approaches: Symbicort®
maintenance therapy (223/497 patients) versus Symbicort® Maintenance
and on-demand Anti-inflammatory Reliever Therapy (SMART approach,
274/497). As shown in Figure 2, average medication adherence over
the total follow-up time results to be superior with regards to patients
undergoing SMART strategies (67.3% + 0.0311%) as compared with
non-SMART regimens (62.8% + 0.063%). Although minor fluctuations
have been recorded, adherence data are highly consistent over the entire
follow-up time, as indicated by the low grade of dispersion. At the end of
the observation time (day 360), adherence with SMART regimens was
documented as 72%, whereas patients receiving non-SMART conventional
maintenance treatments recorded a 55% adherence. Thus, these results
can indicate increased compliance obtained when maintenance therapy is
associated with on-demand corticosteroids.
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Figure 2. Comparison between treatment adherences with SMART approaches
versus non-SMART regimens. Note: Blue: SMART; Red: Non SMART.

Discussion

A growing number of published papers show how the adoption of novel
e-devices can significantly improve the overall monitoring and treatment
adherence in asthma. Thus, current efforts aimed at integrating digital
devices in healthcare can support optimized disease management.

Our study displays an average medication adherence rate of 65.9%
obtained with the integration of the Turbu+™ e-device in everyday self-
medication practice. When comparing this result with adherence data
reported in the literature (50% on average), it can be possible to notice
a significant trend towards an overall improvement [9-12]. Altogether,
these results indicate that the Turbu+™ e-device can effectively improve
the overall adherence to prescribed maintenance therapy in the asthma
population.

Nevertheless, drug usage patterns evaluation indicates a preferential
use of SMART approaches over non-SMART regimens. SMART
approaches, which include an on-demand administration of corticosteroids,
result to be significantly preferred over traditional maintenance therapies
(or non-SMART regimens). In particular, the addition of an on-demand anti-
inflammatory medication can sustain improved patient compliance as it can
allow for optimized disease control. Importantly, a SMART approach can
rationally offer the chance of treating a large plethora of symptoms, thus
supporting a more patient-centric approach.

Conclusion

In particular, this approach results as extremely useful due to
asthma’s highly heterogeneous nature in terms of clinical manifestations,
comorbidities and asthma triggers and etiopathological concauses. Patient-
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centric approaches, alongside with a correct communication between
patients and clinicians, might have a positive impact on disease control,
ultimately sustaining the optimization of asthma management.

Our evaluation these observations may highlight an overall
incrementation of asthma treatment adherence with the utilization of the
Turbu+™ e-device as compared with literature. Asthma patients appear to
be more compliant with SMART approaches, reflecting a likely improved
control over different types of symptoms compared to other therapeutic
options.
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