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Background: Poor medication adherence is a major challenge in asthma and objective assessment of inhaler adherence is needed. InspirerMundi app aims to monitor inhaler adherence while turning it into a positive experience through gamification and social support.

Objective: We assessed the medium-term feasibility of the InspirerMundi app to monitor inhaler adherence in real-world patients with persistent asthma (treated with daily inhaled medication). In addition, we attempted to identify the characteristics of the patients related to higher app use.

Methods: Two real-world multicenter observational studies, with one initial face-to-face visit and a 4-month telephone interview, were conducted in 29 secondary care centers from Portugal. During an initial face-to-face visit, patients were invited to use the app daily to register their asthma medication intakes. A scheduled intake was considered taken when patients took a photo of the medication (inhaler, blister, or others) using the image-based medication detection tool. Medication adherence was calculated as the number of doses taken as a percentage of the number scheduled. Interacting with the app ≥30 days was used as the cut-off for higher app use.

Results: A total of 114 patients {median 20 [percentile 25 to percentile 75 (P25–P75) 16–36] years, 62% adults} were invited, 107 (94%) installed the app and 83 (73%) completed the 4-month interview. Patients interacted with the app for a median of 18 [3–45] days, translated on a median use rate of 15 [3–38]%. Median inhaler adherence assessed through the app was 34 [4–73]% when considering all scheduled inhalations for the study period. Inhaler adherence assessed was not significantly correlated with self-reported estimates. Median adherence for oral and other medication was 41 [6–83]% and 43 [3–73]%, respectively. Patients with higher app use were slightly older (p = 0.012), more frequently taking medication for other health conditions (p = 0.040), and more frequently prescribed long-acting muscarinic antagonists (LAMA, p = 0.024). After 4 months, Control of Allergic Rhinitis and Asthma Test (CARAT) scores improved (p < 0.001), but no differences between patients interacting with the app for 30 days or less were seen.

Conclusions: The InspirerMundi app was feasible to monitor inhaler adherence in patients with persistent asthma. The persistent use of this mHealth technology varies widely. A better understanding of characteristics related to higher app use is still needed before effectiveness studies are undertaken.

Keywords: mHealth, smartphone, technology assessment, medication adherence, self-management, patient participation


INTRODUCTION

Adherence to long-term therapy for chronic illnesses is estimated to reach only 50% on average (1). Current research shows that non-adherence is associated with almost 200,000 deaths and €80–125 billion costs in the European Union (2), and with 125,000 deaths per year and up to $300 billion costs every year in the United States (3). Non-adherence in medication constitutes, thus, a global and complex health problem contributing to increased economic burden and poor health outcomes.

Asthma is among the chronic conditions with the highest rates of nonadherence, together with cancer, diabetes, epilepsy, HIV/AIDS, and hypertension (1, 4). As with other diseases, daily medications are critical for asthma effective treatment and managing comorbidities (5). Yet, poor medication adherence is a major challenge in asthma (6, 7), associated with the complexity of the inhaled regimen (inhaler handling, inhalation technique).

Interventions to tackle medication non-adherence in the last decades have led to little improvement, mostly being complex to implement in real-life practice (8). mHealth technologies, with their widespread use, are promising to empower patients in detecting and managing non-adherence in real-world clinical practice (9). Around 1,500 mobile apps are targeting patients with asthma in app stores (10). Yet, these asthma apps capture < 1% of the target market, because most apps are exclusively tracker apps, do not provide behavior change support, and do not enable automated data input or personalized feedback (10). Another explanatory reason is that apps are generally developed and poorly grounded in clinical research and practice.

An InspirerMundi app is an innovative tool developed to measure and improve medication adherence in patients with asthma. The app aims to transform adherence to inhalers into a positive experience through gamification and social support while allowing for objective monitoring of inhaler adherence. Gamification has been used to promote the use of asthma apps (11). The concept and gameplay of the InspirerMundi app are derived from the social interaction of promoting users, in a quest to help other users to increase inhaler adherence (while being an example of good adherence, an “Inspirer”). “Inspirers” can increase the sphere of positive influence by “coaching” an expanding network of users- “Warriors” (that, as they progress and keep good medication adherence, can become “Inspirers” themselves). The most innovative app technology is the medication detection tool based on advanced processing of inhaler images captured with the smartphone camera (12), which aims to offer an objective adherence measure that can be easily integrated into the lives of patients. It is believed that the app is suitable to be used by real-world patients as its development was grounded in previous research and cooperation with patients with asthma and physicians (13). Yet, this needs to be demonstrated in real-world feasibility studies.

Thus, we aimed to evaluate the medium-term feasibility of the InspirerMundi app among real-world patients with asthma to monitor inhaler adherence. In addition, we attempted to identify the characteristics of patients related to higher app use.



METHODS


Study Design

This study includes data from two real-world multicenter observational studies with a similar design: one initial face-to-face medical visit and a 4-month telephone interview (14). During the studies, there were two additional telephone interviews: at 1 week and 1 month. Patients with persistent asthma were recruited, in one study between November 2017–June 2018 and in the other between October 2019–January 2020, at 29 allergy, pulmonology, and pediatric secondary care centers in Portugal (North, Center, Lisbon, Algarve, Azores, and Madeira regions). The protocol was approved by the ethics committees of all the participating centers. The studies were conducted according to the ethical standards established in the Declaration of Helsinki. Eligible patients were approached by physicians during medical visits and invited to participate in a study on the use of an app to register their asthma medication daily intakes. Written informed consent was obtained before enrolment in the study. Adult patients signed a consent form; adolescents signed an assent form, and a parental consent form was also obtained. This study is reported according to STROBE (Strengthening the Reporting of Observational Studies in Epidemiology) guidelines (15).



Participants

Patients were included if they (1) had a previous medical diagnosis of persistent asthma (defined by the need for a daily inhaled controller medication), (2) were at least 13 years old, and (3) were able to use mobile applications and had access to a mobile device with the Internet. All inhaled controller treatments were allowed, and there was no change in any prescribed medication as a result of the participation in this study. Patients were excluded if they had a diagnosis of a chronic lung disease other than asthma or a diagnosis of another significant chronic condition with possible interference with the aim of the study.



InspirerMundi App

InspirerMundi app is focused on supporting medication management of the patients and on promoting treatment adherence. The app includes the registration of the therapeutic plan, focused on asthma medication, but patients were free to insert medications for other conditions (e.g., nasal sprays for allergic rhinitis, etc.). After registering the plan and scheduling medications, the app activates notifications when a medication is due and allows the confirmation of performed intakes through a medication detection tool that uses the smartphone camera. The medication detection tool is based on advanced image processing techniques and confirms inhalers with dose counter through template matching (when taking the photo, the user needs to align his/her inhaler with the template shown on the screen, chosen based on the inhaler registered) (13). In this feasibility study, only the inhaler type was confirmed, but in the future, this tool will aim to automatically read the number in the dose counter (objective verification of adherence). The medication detection tool is also applied to other types of inhalers or other drug formulations (e.g., blister or other recipients), but not the template matching feature. In the tested app version, a scheduled intake/dose was considered to have been taken when patients took a photo of the medication (inhaler, blister, or other recipients, as can be seen in the third screenshot in Figure 1) using the image-based medication detection tool. Besides planned medication, the user may also insert events of relief medication intake that are not considered for treatment adherence assessment. Physician involvement is also considered by providing the user with the possibility of sharing the registered therapeutic plan and respective adherence data. Medication management is supported by a timeline that reflects the registered therapeutic plan. The timeline also includes events related to gamification and symptom monitoring. Patients are invited to answer three types of questionnaires related to their symptoms and asthma control: daily questionnaire (daily after 6 p.m., six questions related to symptom burden), weekly questionnaire (once a week, four questions related to symptom burden and daily living impact), and CARAT (16) (by default once a month, but can be personalized to weekly or every 2 weeks). The concept and gamification dynamics are twofold: achievement challenges and social interaction. Gameplay and mechanics included in the app derive from achievements, such as points/badges, promotion of social interaction, and based on a story of evolving from a “Warrior” (beginner player, level 1) to an “Inspirer” (advanced player, an example of good adherence, available from level 10 onwards) that can motivate “Warriors” to improve adherence. The main components that support the game are points earned when users take certain actions, such as registering a new medication, registering scheduled medication intakes at the right time, answering symptom questionnaires, or getting a positive assessment from other users in their network. Registering events of relief medication intake does not generate additional points. Another encouragement for the interaction of users is the attribution of virtual badges (12 available). Whenever the user reaches a certain goal (e.g., “Role Model” badge when the user links to the first “Warrior”) or does something special (e.g., “Big Influencer” badge when the user reaches five “Warriors”), he/she will be rewarded and get a virtual badge for such actions. The app, developed in Portuguese, English, and Spanish, was released on Apple App Store (version 1.1) and Google Play store (versions 1.1.x and 1.2), being available for download in Portugal, and Spain only.


[image: Figure 1]
FIGURE 1. InspirerMundi app screenshots (version 1.1).




Data Collection

Feasibility outcomes included study retention, app installation, and use (i.e., days of use).

During the initial face-to-face visit, physicians reported asthma control of patients according to the Global Initiative for Asthma (GINA) (5); last known value of percent predicted Forced Expiratory Volume in the first second (FEV1); the number of exacerbations in the previous year [defined as episodes of progressive increase in shortness of breath, cough, wheezing, and/or chest tightness, requiring a change in maintenance therapy (17)]; and the number of unscheduled medical visits (primary care, secondary care, or emergency department). Physicians also reported the current asthma treatment of patients, including inhaled and oral medication, allergen immunotherapy, and biologic therapy. At the visit, patients answered written questionnaires on demographic data (age, sex, body mass index, and smoking habits), adherence to inhaled controller asthma medication during the previous week [using a 100 mm visual analog scale (VAS) (18)], asthma control during the previous 4 weeks [using CARAT (16)], perception of their overall health [using the EuroQol five-dimensional (EQ-5D) VAS (19)], and previous use of Health and Fitness and asthma apps.

Approximately 1 week later, through a telephone interview, the Morisky Medication Adherence Scale (MMAS-4) was applied (20). It contains four questions with yes (0) or no (1) answers. The item scores are summed to define three levels of adherence: 0 (high adherence), 1–2 (medium adherence), and 3–4 (low adherence). Patients were also asked if they were also taking medication for other health conditions. At a 4-month follow-up, patients were asked in a telephone interview about their adherence to inhaled controller medication during the previous week (on a 0–100 scale), and their asthma control with CARAT. Interviews were performed by a central team of trained health professionals.



Data Analysis

Descriptive statistics were used to characterize the sample and app use. The normality of each variable was investigated with Kolmogorov-Smirnov tests and visual analysis of histograms. The app use rate was calculated by dividing the number of days with app use by the total study period (120-day period). Adherence to medication measured by the app was calculated as the number of doses taken (as registered on the image-based medication tool) as a percentage of the total number of doses scheduled (that should have been expected to have been taken based on the registered action plan). Two methods were used for this calculation, the first method considered the medication (taken and scheduled) only on days with app use, and the second method considered the medication taken regardless of app use, i.e., considering all days with medication scheduled during the study period. We performed a preliminary, exploratory analysis to identify the characteristics of patients related to a higher app use (i.e., interacting with the app for at least 30 days) vs. patients with lower interaction/no interaction using Mann-Whitney U tests for continuous variables and chi-square tests for categorical variables. Spearman correlations and scatterplots were used to explore relationships between self-reported adherence (at baseline and 4 month) and adherence measured with the app during the study period. Two-way ANOVA with repeated measures was used to assess the effects of time (4 month), group (patients interacting with the app for at least 30 day vs. patients with lower interaction/no interaction), and these factors in combination on CARAT total score. The proportion of patients with the controlled disease was compared between baseline and 4 month using the McNemar's test. Statistical analyses were performed using IBM SPSS Statistics V.26.0 (IBM Corporation, Armonk, NY, USA). The level of significance was set at 0.05.




RESULTS

A total of 114 patients (62% adults) were enrolled, most recruited from allergy centers (63%), followed by pulmonology (21%) and pediatric (16%) centers. Most patients were on inhaled corticosteroids/long-acting beta-agonists (ICS/LABA) combination therapy (83%), used only one inhaler (62, 94% of those on maintenance and reliever therapy-MART regimen), and reported high inhaler adherence (median VAS 84 [percentile 25 to percentile 75, P25–P75 65–95] mm). Based on the GINA classification, 55% of the participants had their asthma well-controlled. Based on CARAT, the proportion of controlled disease was 23%. Characteristics of the participants are shown in Table 1.


Table 1. The baseline characteristics of participants (n = 114).

[image: Table 1]

A total of 107 (94%) patients installed the app, most in the first or second days of the follow-up period [median 1 [0, 8] (range 0–112) days] (Figure 1). About 91 (85%) patients scheduled medication in the app (median 2 [1–3] medications). In 86 (80%), it included at least one inhaler scheduled for 59 [30–100] days. Median inhaler adherence assessed through the app was 67 [23–89]% when considering only days with app use and 34 [4–73]% when considering all scheduled inhalations for the study period. Inhaler adherence assessed with both methods was not significantly correlated with self-reported estimates neither at baseline (84 [65–95], r = −1.27 and r = −0.109) nor at 4 month (100 [90–100], r = −0.253 and r = −0.173) (Figure 2).


[image: Figure 2]
FIGURE 2. Scatter plots showing the relationship between patients self-reported estimates of inhaler adherence (at baseline n = 69 and 4 month n = 47), and inhaler adherence calculated using app data with two methods: one method considered the medication taken only on days with app use (Inhaler adherence considering app use), and the other method considered the medication taken regardless of app use, i.e., considering all medication scheduled for the 120 days (app global inhaler adherence).


Forty-eight (45%) patients scheduled at least one oral medication for 30 [17–59] days, and 32 (30%) at least another type of medication (e.g., nasal spray) for 29 [11–40] days. Median adherence to oral and other medication was 57 [33–86] and 44 [6–80]%, respectively, when considering only days with app use; and 41 [6–83] and 43 [3–73]% when considering all scheduled intakes for the study period. Twenty-four patients (22%) registered the use of relief medication for at least 1 day (median 1 [1–2]): 21 (20%) used inhalers and six (6%) other drug formulations (pills, nasal spray).

Patients installing the InspirerMundi app, used it for a median of 18 [3–45] days: 13 (12%) only 1 day, and 42 (39%) for 30 days or more (Figure 3). An overall median use rate of 15 [3–38]% (min–max 1–100%) was observed: being 4 [2–12]% for patients interacting with the app <30 days and 41 [31–65]% for patients interacting 30 days or more. Patients using the app 30 days or more were slightly older, were more frequently taking medication for other health conditions, and were prescribed LAMA. Although not statistically significant, patients using the app 30 days or more seemed to be those with worse FEV1 % predicted, that received allergen immunotherapy (current or past), and had higher self-reported inhaler adherence at baseline. As can be seen in Table 1, no other differences were observed.


[image: Figure 3]
FIGURE 3. Daily participant engagement with the InspirerMundi app during the 4 month (n = 102, five users with missing information). Each circle represents a day with interaction(s) and each color represents each participant.


Eighty-three (73%) patients completed the 4-month interview. After 4 month, CARAT scores improved (p < 0.001), with the proportion of patients with controlled asthma increasing from 24 to 57% (p < 0.001) (Supplementary Figure 1).



DISCUSSION

We found that InspirerMundi is feasible to monitor inhaler adherence in real-world patients with persistent asthma that used the app. However, the persistent use of this mHealth technology varies widely. A better understanding of characteristics related to higher app use is still needed before effectiveness studies are undertaken.

Considering that only patients treated with daily inhaled medication were recruited and that they received notifications (at least the 81% that scheduled at least one medication), a higher app use rate was expected. Also, because this app has been developed in close cooperation with patients, based on a user-centered approach (11, 19). This low engagement may be linked to the real-world nature of these studies and the low previous use of asthma apps (1%). Yet, the use rate found is similar to a previous study on an asthma adherence app (median of 17 [6–31] uses in 5 month) (21) and is within the range described in digital health studies (median of 6 days, from 2 to 26, in the first 3 month) (22). The app versions used in these studies were not performing the objective confirmation of the inhaler dose counter. New versions of the app by validating inhaler use through dose tracking may be more attractive to the end-users. Importantly, it may also be related to the low level of maturity of some of the technologies of apps. Moreover, for the same use rate, we found different patterns of app use (e.g., a total of 10 days in a pattern of sequential days vs. a total of 10 days, with intermittent use distributed in 40 days), that should be further explored in future studies with a larger sample. We need to consider that the use rate is negatively influenced by patients using the app for only a few days and we found a much higher use rate (41 [31–65]%) when analyzing patients more persistently using the app. The overall low use rate may also be linked to the real-world nature of the study not restricted to specific non-adherence patterns nor health status. Patients were not selected based on their adherence levels, their self-reported adherence was high, and using MMAS-4 less than one-third were identified as being poorly adherent. Moreover, according to GINA, half had controlled asthma. Future effectiveness studies could thus consider baseline non-adherence and/or uncontrolled asthma as part of the inclusion criteria.

As expected, self-reported inhaler adherence both at baseline and at the 4-month follow-up period overestimated adherence measured with the app. This was somewhat expected as self-reports had a near to perfect treatment adherence behavior, which is unlikely to translate real adherence (18). Median inhaler adherence assessed through the app was 67 [23–89]% when considering only days with app use and 34 [4–73]% when considering all scheduled inhalations for the study period, which is within the adherence range found in clinical trials using electronic trackers (46–88%) (23), and in real-world observational studies (24, 25). But even adherence measured with the app may be overestimating real adherence as validation of inhaler use through dose tracking was not implemented to confirm intake. The accuracy of the adherence estimates is thus expected to improve in future app versions. Twenty-two percent of patients registered the use of relief medication, which seems low when compared with previous asthma research (39–63)% (23). Yet, we cannot assume that all patients that used the app registered the use of relief medication, and this proportion is possibly underestimating real use. But even though, 22% might be a quite high proportion considering that these patients had a recent medical appointment, received telephone calls to monitor their health status, and were using an app to help them to better adhere to the controller inhaler.

Patients interacting with the app for a longer period were slightly older, had LAMA prescribed, and were taking medication for other health conditions. They also tended to be the ones with worse FEV1 % predicted, that received allergen immunotherapy, and that had higher self-reported inhaler adherence. Previous studies in asthma and other health conditions show that young and middle-aged adults are more likely to engage with health apps in comparison with older adults (26–28). But comparisons with adolescents were not found. The two age groups included in this study may interact differently with the distinct features of the app, and this may be translated into different app use patterns. For the remaining characteristics, to our knowledge, no previous studies are describing them as relevant factors for asthma app use. Possibly for patients with more complex asthma therapeutic plans and those taking medication for other conditions, the app was perceived as more useful, as they could use the app to better manage treatment adherence. This observation links with a qualitative study that showed that having a consistent routine and planning was considered more relevant by patients with more complex regimens rather than by those with simpler regimens (29). Regarding adherence, a previous study also showed that patients with the highest adherence at baseline were the ones using more frequently an app to improve adherence (21). Possibly, the same personality factors explain adherence behaviors, such as adherence to inhaler adherence or to a mHealth intervention (app). This means that mHealth technologies to improve adherence are not reaching the most relevant target users. The InspirerMundi app is currently being tested in 139 real-world patients recruited at primary care centers, and it will be relevant to verify if these characteristics (age, medication, lung function, and adherence) remain important to explain app interaction, or if others are identified (e.g., sex, asthma control) as observed in other digital studies (27). In the future, the joint analysis of these preliminary studies will enlighten us on the characteristics of patients using this mHealth solution. These characteristics should then be considered in further app developments and in designing mHealth-based interventions to improve adherence to medications.

After the 4-month follow-up period, patients improved their symptoms, as an increase in CARAT scores was observed. This was seen regardless of app use, which may be linked to the possible effect of the medical visit (and related interventions) and the follow-up phone calls at 1 week and 1 month. Nevertheless, we need to consider that data related to the 4-month period is not considering all samples, but only the 73% completing the study (30).

This study has limitations. As this is a preliminary study conducted with a relatively small sample recruited at secondary care centers from Portugal, results may not be generalized to other settings or countries. The number of eligible patients that refused to participate was not collected due to the real-world nature of the study, involving a large number of centers, diverse in terms of setting (public vs. private), dimension, geographical regions, and medical specialties. Considering a similar cohort, in which two-thirds of patients would be interested in using an asthma app and in participating in studies for validation of asthma apps (31), the participation was probably high. Nevertheless, we need to be cautious in this comparison, as the manifestation of interest may be distinct from accepting to participate. Future studies should collect this feasibility outcome. In Portugal, patients with persistent asthma are commonly followed up at secondary care, but can also be followed up by their general practitioner. The InspirerMundi app is thus currently being tested in primary care centers, which will allow us to assess the feasibility in a distinct healthcare setting. Using an app to improve treatment adherence will not be a solution for all patients, as happens with most, if not all, approaches. With this real-life study, together with previous ones and others planned, it should be possible to identify those patients who may benefit most from the InspirerMundi app and to analyze differences in in-app interaction between adolescents and adults. The use of two methods to calculate medication adherence may also be seen as a limitation of the study, yet it was a mitigation plan to overcome the absence of a standardized method to measure adherence (32). The high dropout rate was expected given the real-world nature of the conducted feasibility studies, involving patients from a large number of secondary care centers (29 in total), very diverse in terms of settings (public vs. private), dimension, geographical regions, and of medical specialties (allergy, pulmonology, and pediatrics). But we need to consider that our real-world study contrasts with clinical trials, which are most often conducted in well-selected academic centers, with more homogeneous samples, and with a high number of presential visits. Future effectiveness studies could consider a follow-up medical visit at 4 months as it may increase the retention of patients.

This study is part of a continuous development cycle, that will continue with its multiple improvements and evaluation phases grounded on the interaction with end-users, aiming to produce a patient-centered and engaging mHealth asthma app.

In conclusion, the InspirerMundi app was feasible to monitor inhaler adherence in real-world patients with asthma. The persistent use of this mHealth technology varies widely. A better understanding of characteristics related to higher app use is still needed before effectiveness studies are undertaken.
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