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Abstract

Objective: Asthma is often inadequately controlled, which can result in exacerbations that lead to unplanned healthcare vis-
its. Mobile application (app) use could help manage asthma exacerbations. We implemented the Amaze™ asthma disease
management platform in clinical practice and assessed user satisfaction, usage, and usability.

Methods: Adults with asthma and healthcare professionals (HCPs) were enrolled from a community allergy practice
(ClinicalTrials.gov Identifier: NCT04901260) and a large academic hospital (ClinicalTrials.gov Identifier: NCT04868500).
Primary and exploratory outcomes included assessment of platform design, patient app usage, patient-reported daily
asthma status, emergency room/urgent care visits, and ease of implementation by HCPs. The system usability scale and
a post-clinic visit survey were also administered. HCPs/staff monitored the Amaze dashboard to assess patient needs and
completed a post-study survey.

Results: Overall, 159 patients and five HCPs participated in the study. Patients’ mean (SD) age was 38.7 (16.4) years; most
were female (78%) and White (78%). Mean patient app usage began at 3.6 days/week but declined to 1.0 day/week by the
end of the study. Throughout the study, most daily entries (>69%) reported patient asthma status as “good.” Most patients
were satisfied/very satisfied with the app (66%) and reported it helped them during discussions with their HCP (44%). Most
patients rated the usability of Amaze as “excellent” (49%) or “good” (30%). Most HCPs (71%) reported that Amaze was “very
easy” to implement.

Conclusions: Most patients and HCPs were satisfied with Amaze. The Amaze platform may help patients and HCPs monitor
asthma status, which could improve asthma control.
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Introduction
Inadequate disease control affects more than 50% of chil-
dren and adults with asthma1 and often goes unrecognized
by patients, resulting in exacerbations that lead to
unplanned emergency room (ER)/urgent care visits, hospi-
talizations, and systemic corticosteroid use.2,3 The rate of
office visits for patients with asthma as the primary diagno-
sis was 308 per 10,000 people in 2016 in the United States.4

Unfortunately, asthma is inadequately controlled in most
patients, likely due to suboptimal symptom management,
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which typically results in a need for healthcare services.5

Consequently, healthcare costs for patients with uncon-
trolled asthma are significantly higher than in those
without asthma.6 Asthma significantly impacts patients’
quality of life, affecting their social interactions, educa-
tional achievements, and mental health. Poorly controlled
asthma can lead to missed school or work days, limitations
in physical activities, and a general decline in overall
well-being.7

Patients are often unaware that they have uncontrolled
asthma because they are not well informed about disease
symptom variability and signs of poor asthma control.8

Uncontrolled asthma can result from poor medication adher-
ence, difficulty treating the disease due to inadequate response
to treatment, or poor healthcare professional (HCP) adherence
to treatment guidelines.9 Asthma control can typically be
improved with maintenance therapy, such as inhaled corticos-
teroids, if the patient maintains adherence to their medical
regimen.9 A system that assists patients in obtaining further
care from HCPs could help address early signs of exacerba-
tion and poor asthma control.

Because asthma is a chronic disease that requires fre-
quent symptom assessment and medication adjustment,
patients may benefit from mobile technologies to help
monitor and control their asthma symptoms.10 Mobile tech-
nologies can be used to provide treatment reminders to
patients and aid in disease prevention and management,
symptom monitoring, and communication between HCPs
and patients.11 Mobile technologies currently being used
for health assessment and disease management include per-
sonal digital assistants, tablets, wearable biometric devices,
short messaging service, cell phone applications (apps), and
Bluetooth-compatible devices.11,12 Mobile technologies not
only improve patient engagement by providing educational
resources and self-management tools but also enable perso-
nalized treatment plans based on real-time data. This indivi-
dualized approach can lead to more effective asthma control
and a better patient experience.13 A 2015 systematic litera-
ture review found that 56% of studies reported a significant
improvement in medication adherence and 39% reported a
significant improvement in clinical outcomes when mobile
technologies were used to manage different chronic dis-
eases.12 An estimated 350,000 health-related mobile apps
are available.14 However, very few of them relay informa-
tion to HCPs via connection to electronic health records
(EHRs).15

The Amaze™ digital platform was developed to enhance
communication between patients with asthma and their
HCPs by utilizing a patient mobile app and an HCP
EHR-integrated dashboard that generates actionable
insights to improve patient care. In the Amaze app, patients
can enter daily symptoms and communicate with their
HCP. In the EHR-integrated dashboard, HCPs can review
patients’ asthma control and provide guidance based on
patient-reported data. The goal of this study was to evaluate

usage, usability, and satisfaction with the platform; patient-
reported asthma experiences; and ease of implementation of
the app.

Methods

Study design

This was a prospective, observational study conducted over
several months at a community allergy practice (Austin,
TX; November 2020 to June 2021) and a pulmonology
practice at a large academic hospital (Boston, MA; April
to November 2021).

Adult patients (aged≥18 years) with a clinically confirmed
asthma diagnosis and access to a smartphone with internet
access (operating system iOS 13 or newer/iPhone 8 or
newer or Android operating system 8 or newer) were enrolled
on a rolling basis. Patients were excluded if they had a concur-
rent diagnosis of chronic obstructive pulmonary disease or
other non-asthma pulmonary disease. Best efforts were
made to recruit patients who had moderate-to-severe
asthma, as defined by treatment with inhaled corticosteroids/
long-acting beta agonist combination therapy with or
without add-on therapy, or as determined by their treating
HCP. After providing informed consent, patients were
asked to download the Amaze app (Figure 1).

HCPs and clinical support staff monitored the Amaze
dashboard to assess changes in patient asthma symptoms
over the study period and implemented changes in care
based on clinical judgment. Patients and clinic staff from
each site were asked to complete several surveys through-
out the study and provide feedback on Amaze. The
overall study duration was 7 months, and each patient’s par-
ticipation lasted 3 to 6 months depending on when they
enrolled in the study. A subset of patients was randomly
selected by block randomization of 1:4 to participate in lon-
gitudinal qualitative telephone interviews at months 1 and 3
and at the end of the study to gain a deeper understanding of
the usability of the Amaze app and to elicit recommenda-
tions for improvement. Written informed consent was
obtained prior to survey completion, and written and
verbal informed consent was obtained before the first inter-
view and reconfirmed before each additional interview.

Patient-completed measures

Patients completed questionnaires via a web survey and the
Amaze platform. Permission to use copyrighted question-
naires was obtained by the study sponsor. Patients first
completed a baseline sociodemographic questionnaire. At
months 1 and 3 and at the end of the study, they completed
a study-specific user experience survey. The survey con-
sisted of 12 questions about their app experience with a
5-star response scale in which 1= poor and 5= excellent,
the proposed frequency of use for app features (daily,
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weekly, monthly, or other), and four questions about satis-
faction and concerns with the app. At the end of the study,
patients completed the system usability scale (SUS),16

which is a 10-item questionnaire that evaluates the usability
of a system based on user feedback. The SUS uses a
5-point Likert scale by which users rate their experiences
from 0= strongly disagree to 4= strongly agree. The total
score is then multiplied by 2.5 to convert the scores to
0–100.17 Finally, patients completed a visit experience
survey any time they had an in-person or telehealth visit.
The survey evaluated satisfaction with their visit and any
benefits the app provided.

The Amaze app prompted users to submit a daily asthma
log, including for overall asthma condition (“bad,” “okay,”
or “good”), as well as asthma symptoms, triggers, medica-
tion use (including maintenance, oral steroids, and rescue),

and ER/urgent care visits. The app allowed patients to
send messages to clinical site staff using pre-defined
subject lines. The app also provided air quality reports,
trends of daily logs, patient asthma plans, appointment
viewing and scheduling, and asthma education.
Additionally, patients were asked to complete the Asthma
Control Test (ACT™) monthly. The ACT is a standardized
questionnaire with five items used to monitor asthma
control. Based on ACT scores, asthma was classified as
well-controlled (≥20), not well-controlled (16–19), or very
poorly controlled (≤15).18

Clinical site staff-completed measures

HCPs completed a form at baseline and at the end of the
study for each enrolled patient to collect information on

Figure 1. Amaze app screenshots showing key features. (A) Patient app interface and (B) clinician dashboard.
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current medication use, changes to controlled medicines,
HCP-rated asthma severity and control, exacerbation
history, and number of clinic visits. Medication use (by
drug class) was used to approximately classify asthma
severity according to Global Initiative for Asthma (GINA)
classes 1/2 (mild) or classes 3/4/5 (moderate to severe).
Physicians were asked to report whether patients had a
step-up/step-down in treatment, whether their medication
dose was increased/decreased, whether a new medication
was added/removed, or whether their GINA class
increased/decreased.19 Frequency of asthma exacerbations,
defined as a patient requiring steroids and/or a hospitaliza-
tion/ER visit, was calculated over the study period. Clinical
site staff also completed a study-specific post-study survey
of the app to provide feedback on their experience imple-
menting it and to suggest other useful information that the
app could provide in the future.

Statistical analysis

Data were analyzed using SAS version 9.4 (SAS Institute,
Cary, NC, USA) and descriptive statistics were calculated.
Because this was an implementation study and no inferen-
tial statistics were planned, a formal sample size calculation
was not performed.

Primary outcomes

Primary outcomes included patient app usage, clinician
dashboard usage, patient-perceived usability and satisfac-
tion with the app, patient-perceived advantages and disad-
vantages of the app, ease of implementation by HCPs,
and qualitative feedback on the daily log. App usage by
patients was formally tracked using user IDs and was
defined by the average number of days per week they com-
pleted the daily log (a maximum of once per day). Levels of
app usage in 4-week intervals were defined as follows: high
(5–7 days/week), medium (3–4 days/week), low (1–2 days/
week), and very low (<1 day/week). Clinician dashboard
usage was formally tracked via user IDs and assessed as
the mean number of days the dashboard was utilized per
month. Individual item responses were descriptively
reported for the user experience survey and HCP post-study
survey. Patient SUS scores were categorized as excellent
(>80.3), good (>68 to ≤80.3), okay (68), poor (≥51 to
<68), or awful (<51).

Exploratory outcomes

Exploratory outcomes included exacerbations, healthcare
resource utilization (e.g. ER/urgent care visits), and
change in asthma therapy during the study, as reported by
the clinical sites based on a medical chart review at
month 6, and patient-reported effects of the app on clinic
visit experiences. Symptoms, triggers, and rescue

medication use reported on the app were analyzed accord-
ing to daily log entries for overall asthma condition.

Results

Sociodemographic and clinical characteristics

A total of 159 patients were enrolled across the two sites
(community allergy practice: n= 117; large academic hos-
pital: n= 42) (Figure A.1). Two patients from the commu-
nity allergy practice were deemed ineligible due to other
pulmonary diagnoses. From the academic center, three
patients were withdrawn due to their HCP withdrawing
from the study, and one patient was eligible but did not
open the app. Therefore, 153 patients (community allergy
practice: n= 115; large academic hospital: n= 38) partici-
pated. One patient at the community allergy practice dis-
continued the study early, leaving 152 patients at the end
of the study (community allergy practice: n= 114; large
academic hospital: n= 38).

Five HCPs (community allergy practice: n= 1; large
academic hospital: n= 4) and four clinic staff members
(community allergy practice: n= 1; large academic hos-
pital: n= 3) participated in the study. One HCP discontin-
ued the study early, leaving a total of eight HCPs/clinic
staff members in the study.

Baseline sociodemographics were reported by 120
patients (78%) (Table 1). The mean (SD) age of patients
was 38.7 (16.4) years. Most were female (n= 93, 78%),
White (n= 94, 78%), not Hispanic (n= 98, 82%), and had
at least some college education (n= 81, 61%). At baseline,
HCPs reported that most patients (n= 118, 77%) had well-
controlled asthma (Table 2). However, baseline ACT scores
showed that only half of patients (n= 77, 50%) had well-
controlled asthma.

HCPs reported that more patients had moderate persist-
ent asthma (n= 96, 63%) than severe persistent (n= 31,
20%) or mild persistent asthma (n= 20, 13%). A larger per-
centage of patients at the large academic hospital had mod-
erate persistent asthma (n= 28, 74%) at baseline compared
to patients at the community allergy practice (n= 68, 59%).
From the baseline assessment, a larger percentage of
patients from the community allergy practice (n= 47,
41%) were on at least one biologic therapy compared to
patients at the large academic hospital (n= 7, 18%).

Primary outcomes

Amaze app and dashboard usage. Overall, app usage
declined over time (Figure 2). The mean (SD) number of
times the app was used was 3.6 (1.9) days/week during
weeks 1–4 and 3.1 (2.3) days/week during weeks 5–8.
Thereafter, app usage declined to a mean (SD) of 1.0
(2.0) day/week by weeks 21–24. Overall, most patients
had high (5–7 days/week; 26.1%–28.1%) or medium (3–
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Table 1. Patient sociodemographic characteristics.

Characteristic
Total
(N= 120)

Community allergy practice
(n= 82)a

Large academic hospital
(n= 38)

Age, years, mean (SD) [range] 38.7 (16.4) [18.0-80.0] 45.0 (14.1) [18.0-80.0] 24.5 (12.0) [18.0-74.0]

Female, n (%) 93 (77.5) 67 (81.7) 26 (68.4)

Not Hispanic or Latino, n (%) 98 (81.7) 68 (82.9) 30 (78.9)

Race, n (%)

American Indian or Alaska Native 1 (0.8) 1 (1.2) 0 (0)

Asian 4 (3.3) 4 (4.9) 0 (0)

Black or African American 11 (9.2) 9 (11.0) 2 (5.3)

Multiple 5 (4.2) 5 (6.1) 0 (0)

White 94 (78.3) 61 (74.4) 33 (86.8)

Otherb 3 (2.5) 2 (2.4) 1 (2.6)

Missing 2 (1.7) 0 (0) 2 (5.3)

Employment, n (%)c

Disabled 5 (4.2) 5 (6.1) 0 (0)

Employed 55 (45) 45 (54.9) 12 (31.6)

Homemaker 9 (7.5) 9 (11.0) 0 (0)

Retired 11 (9.2) 10 (12.2) 1 (2.6)

Student 30 (25.0) 8 (9.8) 22 (57.9)

Unemployed 5 (4.2) 3 (3.7) 2 (5.3)

Otherd 3 (2.5) 2 (2.4) 1 (2.6)

Missing 3 (2.5) 0 (0) 3 (7.9)

Highest level of education, n (%)

Secondary/high school or lower 34 (28.3) 14 (17.1) 20 (52.6)

Associate degree, technical or trade school 8 (6.7) 6 (7.3) 2 (5.3)

College/university degree 47 (39.2) 40 (48.8) 7 (18.4)

Postgraduate school 26 (21.7) 21 (25.6) 5 (13.2)

Othere 1 (0.8) 1 (1.2) 0 (0)

Missing 4 (3.3) 0 (0) 4 (10.5)

(continued)
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4 days/week; 28.8%–35.3%) usage of the daily log during
the first 8 weeks of use.

Across both sites, clinical site staff review of the dash-
board increased from weeks 1–4 to weeks 21–24 (mean
[SD] days per month: 7.6 [5.1] vs 9.0 [5.7]) (Figure A.2).

Usability of Amaze. At the end-of-study visit, 70 patients
completed the SUS. Most patients rated the Amaze app as
“excellent” (49%) or “good” (30%). The remaining patients
rated the app as “poor” (11%) or “awful” (10%).

Perceived advantages and disadvantages of Amaze.
Seventy-seven patients (51% response rate) completed the
end-of-study user experience survey. Patients reported
wanting to track their symptoms, triggers, and rescue and
maintenance medication use on a daily or weekly basis
(Table A.1). However, they preferred to track their ER/
urgent care visits and peak flow monthly or less frequently.
Most patients reported “forgetting to use the app” (51%)
and “things missing in the app that they wanted” (22%)
as their top concerns.

For the categories of daily logs, air quality, and trends of
daily logs, most patients provided 4- or 5-star ratings
(Figure 3). Features that were not frequently used included
the patient asthma plan (not used by 47% of patients),
appointment viewing and scheduling (52%), asthma educa-
tion (57%), and messaging the clinic (65%). Most patients
were satisfied or very satisfied with the app (n= 51, 66%)
and would likely or very likely recommend the app to
other patients with asthma (n= 51, 66%).

Ease of implementation. Five of the seven HCPs (71%) who
completed the post-study survey reported that Amaze was
“very easy” to implement in their practice (Table A.2).

They reported that the most useful aspects were the
ability to track patient asthma symptoms (n= 3, 43%) and
the ability to integrate the platform into their EHR system
(n= 3, 43%). Most HCPs reported wanting to track their
patients’ asthma symptoms and rescue and steroid medica-
tion use daily or weekly. However, they wanted to track
patient asthma triggers, ER/urgent care visits, and peak
flow weekly or less often. Most HCPs reported that
Amaze “moderately” (n= 2, 29%) or “slightly” (n= 2,
29%) helped them to manage their patients.

Qualitative feedback on the daily log. Longitudinal patient
qualitative interviews were conducted at month 1 (n= 22),
month 3 (n= 15), and at the end of the study (n= 14).
Almost all patients at month 1 (n= 21, 96%) thought that
the app was easy to use, straightforward, and intuitive. At
the end of the study, nine patients (64%) provided feedback
on areas for improvement on the daily log, including provid-
ing more options for symptoms and triggers (n= 2/14, 14%)
and revising the response scale (n= 1/14, 7%). Other desired
changes suggested by one patient each (n= 1/14, 7.1%)
included being able to retroactively complete the log,
being able to visually review trends, and reducing the
frequency of completion for those with well-controlled
asthma.

Exploratory outcomes

Aminority of patients (n= 21, 14%) experienced an asthma
exacerbation during the study. By the end of the study,
23 patients (15%) received stepped-up therapy, 27 patients
(18%) received stepped-down therapy, and 102 patients
(67%) had no change in inhaled corticosteroid dose,
GINA level, or class of medication.

Table 1. Continued.

Characteristic
Total
(N= 120)

Community allergy practice
(n= 82)a

Large academic hospital
(n= 38)

Household total income over the past 12 months, n (%)

Less than $75,000 28 (23.3) 19 (23.2) 9 (23.7)

$75,000 or more 66 (55.0) 48 (58.5) 18 (44.7)

Missing 3 (2.5) 0 (0) 3 (7.9)

Prefer not to answer 23 (19.2) 15 (18.3) 8 (21.1)

SD: standard deviation.
aOf the 115 eligible patients at baseline, only n= 82 completed the baseline survey.
bOther includes: Hispanic; Southern European/English/Irish; Spanish, Jewish.
cNot mutually exclusive.
dArtist (n= 1), project manager (n= 1), self-employed full-time (n= 1).
eGeneral Educational Development (GED).

6 DIGITAL HEALTH



Table 2. HCP-reported clinical characteristics of patients.

Variable

Total Community allergy practice Large academic hospital

Baseline

N= 153 n= 115 n= 38

Patient asthma control status reported at baseline, n (%)

Well-controlled 118 (77.1) 90 (78.3) 28 (73.7)

Not well-controlled 30 (19.6) 22 (19.1) 8 (21.1)

Very poorly controlled 5 (3.3) 3 (2.6) 2 (5.3)

Patient asthma severity at baseline, n (%)

Intermittent 6 (3.9) 4 (3.5) 2 (5.3)

Mild persistent 20 (13.1) 17 (14.8) 3 (7.9)

Moderate persistent 96 (62.7) 68 (59.1) 28 (73.7)

Severe persistent 31 (20.3) 26 (22.6) 5 (13.2)

End of study

N= 152 n= 114 n= 38

In-person or telehealth clinic visits since enrollment, n (%)

Yes 126 (82.9) 102 (89.5) 24 (63.2)

Patient’s medication since enrollment, n (%)

No change of controller strength or class of controlled medication 102 (67.1) 70 (61.4) 32 (84.2)

Step-down of controller medicines 27 (17.8) 25 (21.9) 2 (5.3)

Step-up of controller medicines 23 (15.1) 19 (16.7) 4 (10.5)

GINA classification, n (%)

GINA 1/2 (mild) 15 (9.9) 11 (9.6) 4 (10.5)

GINA 3/4/5 (moderate/severe) 137 (90.1) 103 (90.4) 34 (89.5)

Biologic use, n (%) 53 (34.9) 46 (40.4) 7 (18.4)

Patients with exacerbations, n (%)

Asthma symptoms required an ER or urgent care visit (but not an
overnight stay in the hospital)

7 (4.6) 5 (4.4) 2 (5.3)

Asthma symptoms required a hospital stay of at least 24 h 1 (0.7) 0 (0) 1 (2.6)

Unplanned ambulatory clinic visits due to exacerbation 5 (3.3) 3 (2.6) 2 (5.3)

Courses of oral corticosteroids (not associated with an ER, urgent
care, or hospital visit) prescribed for worsening asthma

8 (5.3) 5 (4.4) 3 (7.9)

ER: emergency room; GINA: Global Initiative for Asthma; HCP: healthcare professional.
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Clinic visit experience. Of the 43 survey responses,
19 patients (44%) agreed or strongly agreed that “The app
helped me discuss my asthma with my HCPs during my
most recent visit” (Table A.3). Sixteen patients (37%)
agreed or strongly agreed that “the app helped the appoint-
ment with my HCP go more smoothly.”

Daily logs, symptoms, triggers, and medication usage. Daily
asthma status assessed via the daily log entries for patients
was consistent throughout the study, with most entries
(>69%) reported as “good.” When evaluating the

relationship between daily log entries and symptoms and
triggers, no clear patterns were identified for triggers
(Table A.4). Chest congestion (28%) (Table A.5) and use
of quick relief/rescue medication (76%) (Table A.6) were
reported more frequently for patients rating their daily
asthma status as “bad” than for other log entries.

Discussion
The Amaze digital platform was implemented at two distinct
clinical practices and provided useful information for patients

Figure 2. Amaze patient usage per 4-week period (N= 153). The white boxes indicate mean number of entries per week.

Figure 3. End-of-study patient ratings for Amaze features (N= 77). Patients were asked to rate each feature of the app on a 5-star rating.
Ratings ranged from 1= poor to 5= excellent.
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and HCPs regarding asthma symptoms, experiences, and
exacerbations. Most patients felt that the app was easy to
use and intuitive. Features that were rated highly included
the daily log, air quality reports, and daily log trends.
However, features such as the patient asthma plan, appoint-
ment viewing/scheduling, asthma education, and messaging
the clinic site were not widely used, suggesting a need for
improvements. HCPs reported that Amaze was easy to imple-
ment in their clinical practice and valued patient tracking of
their asthma symptoms, which could help improve shared
decision-making with patients. Limited use of the messaging
feature may in part have been because the clinics were already
using messaging platforms. Interestingly, HCP and patient
perceptions of asthma control status differed: 77% of HCPs
believed that their patients’ asthma was well-controlled,
whereas ACT results indicated that only 50% of patients
had well-controlled asthma.

Qualitative patient feedback indicated that the Amaze
app was highly usable. This is significant, as an earlier sys-
tematic review identified usability issues as a key barrier to
successful delivery of digital health solutions.20 Usability
was similarly high in pilot testing of an app developed to
monitor inhaler use and gather surveys from children and
adolescents with asthma.21 Although app usage was ini-
tially high, it declined over time. This may partly have
been due to lack of training on the app and because not
all patients enabled app reminder notifications.
Additionally, some patients had technical issues logging
into the app when their passwords expired. Establishing
and maintaining app usage is a frequent problem with
asthma digital health solutions. A retrospective real-world
analysis of a web-based asthma treatment platform for
adults with asthma found that over a quarter of patients
who were registered on the platform never used it.22

Interestingly, patients who did use the platform tended to
have more severe asthma than non-users. In a recent rando-
mized controlled study of a commercially available app for
asthma self-management, two-thirds of participants stopped
using the app within the first eight weeks of the study.23

Adding more options for symptoms and triggers, using a
revised daily log scale, providing a visualization of trends
(as proposed by one patient), and making the app more
game-like may help to maintain long-term Amaze usage.
Symptom and trigger monitoring and visualization of
trends were similarly highlighted as potentially useful
digital health features by adults with asthma who partici-
pated in a qualitative interview study in Ireland.24

Based on patient and HCP feedback, daily use of the
Amaze app may not be necessary. Notably, one interview
participant expressed that the frequency of log completion
could be reduced for patients with adequately controlled
asthma. Because most patients had adequately controlled
asthma at baseline, some of these patients may have consid-
ered the requirement to complete the log daily excessive.
Adapting the frequency of log completion to asthma

control status may increase user engagement with the
Amaze app.

A strength of the present study was random selection of
telephone interview participants to avoid selection bias.
Also, obtaining information from both a community
allergy practice and large academic hospital likely increased
the generalizability of the findings. However, the socio-
economic status of patients was generally high, suggesting
the need to consider the ability of patients of lower socio-
economic status to access and use the app. The location
of the clinics and the mobile device requirements for par-
ticipation, together with the high education and limited
racial heterogeneity of patients, means that the sample of
patients in our study may not be fully representative of
patients with asthma in the United States. Moreover,
reduced app usage at the end of the study resulted in
small sample sizes, making comparisons across subgroups
challenging. Future studies should evaluate a larger
sample of patients with greater geographic and socio-
economic diversity. This study was conducted during the
COVID-19 pandemic, which limited the ability for
in-person clinical visits. This may have reduced app
usage and communication between patients and HCPs.
Finally, the patient user experience survey and HCP post-
study survey are unvalidated instruments. However, the
lack of validation of these questionnaires should be consid-
ered a minor limitation because these were only used to
descriptively characterize the study sample.

Conclusions
The present study demonstrated that both HCPs and
patients were able to successfully monitor asthma severity,
medication use, and asthma management through an inte-
grated digital platform. Most patients were satisfied with
the Amaze app and found it easy to use. However, this
study highlights the need for additional training in future
implementation of Amaze to ensure patients are aware of
the full range of app features available to them. Although
both HCPs and patients demonstrated high levels of
engagement, future studies may be needed to evaluate
how often patients should use a mobile disease manage-
ment platform as well as strategies to enhance continued
patient engagement. Future research should also focus on
optimizing features based on user input and determining
whether use of a digital platform is associated with
improved asthma control.
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Appendix A

Table A.1. Patient end-of-study user experience survey (N= 77).

How frequently do you want to track the following
for your doctor? Daily, n (%) Weekly, n (%) Monthly, n (%) Other, n (%) Missing, n (%)

Symptoms 32 (41.6) 22 (28.6) 14 (18.2) 6 (7.8) 3 (3.9)

Asthma triggers 26 (33.8) 28 (36.4) 12 (15.6) 8 (10.4) 3 (3.9)

Rescue medication use 25 (32.5) 26 (33.8) 17 (22.1) 6 (7.8) 3 (3.9)

Maintenance medication use 26 (33.8) 27 (35.1) 13 (16.9) 8 (10.4) 3 (3.9)

Steroid medication use 16 (20.8) 22 (28.6) 21 (27.3) 14 (18.2) 4 (5.2)

ER/urgent care visits 14 (18.2) 11 (14.3) 27 (35.1) 22 (28.6) 3 (3.9)

Peak flow/FEV1 11 (14.3) 6 (7.8) 9 (11.7) 48 (62.3) 3 (3.9)

What concerns if any do you have about
the asthma app? n (%)

A. Data/privacy concerns 4 (5.2)

B. I do not find the app helpful 7 (9.1)

C. I forget to use it 39 (50.6)

D. There are things missing that I want in the app 17 (22.1)

E. It is not fun to use 7 (9.1)

F. It is not easy to use 0 (0)

G. Other 15 (19.5)

H. I do not have any concerns 17 (22.1)

ER: emergency room; FEV1: forced expiratory volume in 1 s.
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Table A.2. Post-study survey items for HCPs (N= 7).

Variable n (%)

How would you rate the overall ease of implementing Amaze on a platform into your clinical practice?

Very easy 5 (71)

Somewhat easy 0 (0)

Not easy or difficult 1 (14)

Difficult 0 (0)

Very Difficult 0 (0)

Missing 1 (14)

Did the Amaze platform help you manage your patients?

Not at all 1 (14)

Slightly 2 (29)

Somewhat 0 (0)

Moderately 2 (29)

Very well 1 (14)

Missing 1 (14)

Did Amaze help you identify patients who were at risk for adverse health outcome (e.g. hospitalizations, exacerbations, medication side effects) from their
asthma that you would have otherwise missed?

No 4 (57)

Yes 2 (29)

Missing 1 (14)

What did you find most useful about the Amaze platform?

Ability to track symptoms 3 (43)

Ability to track asthma triggers 2 (29)

Ability to track reliever medication use 2 (29)

Ability to track ER visits/hospitalizations 1 (14)

Ability to track air flow measurements 0 (0)

Patient-HCP messaging feature 1 (14)

Ability to assign another HCP to a patient 0 (0)

Integration of the Amaze platform with EHRs 3 (43)

Ability to track level of impairment through ACT scores 0 (0)

Ability to receive alerts (flags) based on patient responses in the app 1 (14)

Other 2 (29)

(continued)
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Table A.2. Continued.

Variable n (%)

What did you find least useful or cumbersome about the Amaze platform?

Ability to track symptoms 0 (0)

Ability to track asthma triggers 0 (0)

Ability to track reliever medication use 0 (0)

Ability to track ER visits/hospitalizations 0 (0)

Ability to track air flow measurements 1 (14)

Patient-HCP messaging feature 2 (29)

Ability to assign another HCP to a patient 1 (14)

Integration of the Amaze platform with EHRs 0 (0)

Ability to track level of impairment through ACT scores 1 (14)

Ability to receive alerts (flags) based on patient responses in the app 0 (0)

Other 2 (29)

How frequently would you want to track the following for appropriate management of patients?
Daily,
n (%)

Weekly,
n (%)

Monthly,
n (%)

Other,
n (%)

Symptoms 2 (29) 2 (29) 1 (14) 0 (0)

Asthma triggers 1 (14) 2 (29) 1 (14) 0 (0)

Rescue medication use 3 (43) 1 (14) 0 (0) 0 (0)

Maintenance medication use 2 (29) 2 (29) 0 (0) 0 (0)

Steroid medication use 1 (14) 2 (29) 1 (14) 0 (0)

ER/urgent care visits 1 (14) 2 (29) 2 (29) 0 (0)

Peak flow/FEV1 1 (14) 2 (29) 1 (14) 0 (0)

ACT: Asthma Control Test; app, application; EHR: electronic health record; ER: emergency room; FEV1: forced expiratory volume in 1 s; HCP: healthcare
professional.
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Table A.3. Patient visit experience survey items for clinic visits (N= 35).a

Variable

All
responses,
nb

Strongly
agree,
n (%)

Agree,
n (%)

Neutral,
n (%)

Disagree,
n (%)

Strongly
disagree,
n (%)

Not
applicable,
n (%)

1. The CAP/LAH app helped me
discuss my asthma with my
healthcare provider(s) during my
most recent visit

43 8 (18.6) 11 (25.6) 14 (32.6) 4 (9.3) 4 (9.3) 2 (4.7)

2. I received information about my
asthma that helped me better
understand my condition during
my most recent visit

43 9 (20.9) 18 (41.9) 10 (23.3) 4 (9.3) 2 (4.7) 0 (0)

3. I received information about my
asthma medications during my
most recent visit

43 15 (34.9) 13 (30.2) 9 (20.9) 3 (7.0) 2 (4.7) 1 (2.3)

4. I was given information about
additional care that I need for my
asthma during my most recent
visit

43 11 (25.6) 13 (30.2) 15 (34.9) 2 (4.7) 1 (2.3) 1 (2.3)

5. I was included in making
decisions about my asthma
treatment during my most recent
visit

43 22 (51.2) 12 (27.9) 6 (14.0) 2 (4.7) 0 (0) 1 (2.3)

6. The CAP/LAH app helped the
appointment with my doctor go
more smoothly

43 7 (16.3) 9 (20.9) 15 (34.9) 5 (11.6) 3 (7.0) 4 (9.3)

7. The time spent with my healthcare
provider(s) discussing my asthma
during my most recent visit was
better compared to my last visit

43 5 (11.6) 12 (27.9) 19 (44.2) 3 (7.0) 2 (4.7) 2 (4.7)

8. I found it was easier to schedule
an appointment with my doctor
using the CAP/LAH app

43 1 (2.3) 0 (0) 17 (39.5) 4 (9.3) 3 (7.0) 18 (41.9)

9. The visit helped avoid an ER or
urgent care center visit or
hospitalization

43 5 (11.6) 5 (11.6) 14 (32.6) 3 (7.0) 4 (9.3) 12 (27.9)

ER: emergency room; CAP: community allergy practice; LAH: large academic hospital.
aCAP visit surveys associated with “telemedicine,” “asthma eval,” and “follow-up” were included. Some patients provided more than one response.
bTotal number of patient visit experience surveys completed across all patients; patients were eligible to complete a survey after each visit.
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Table A.4. Symptom triggers for patients who reported symptoms, overall and by asthma status (N= 143).

Asthma status

Variable Overall (N= 52,112) Bad (n= 1129, 2.2%) Okay (n= 12,363, 23.7%) Good (n= 38,620, 74.1%)

Acid reflux, n (%) 3336 (6.4) 72 (6.4) 919 (7.4) 2345 (6.1)

n 67 19 57 53

Mean (SD)a 49.8 (57.0) 3.8 (7.7) 16.1 (33.3) 44.2 (51.5)

Median 24.0 2.0 4.0 20.0

Range (min, max) (1–195) (1–35) (1–172) (1–178)

Animals, n (%) 3375 (6.5) 65 (5.8) 875 (7.1) 2435 (6.3)

n 75 16 58 65

Mean (SD)a 45.0 (53.2) 4.1 (8.4) 15.1 (26.2) 37.5 (48.9)

Median 20.0 1.5 5.5 9.0

Range (min, max) (1–195) (1–35) (1–152) (1–178)

Dust, n (%) 3897 (7.5) 97 (8.6) 1233 (10.0) 2567 (6.6)

n 105 24 83 83

Mean (SD)a 37.1 (49.0) 4.0 (7.2) 14.9 (26.1) 30.9 (45.2)

Median 13.0 1.5 4.0 9.0

Range (min, max) (1–195) (1–35) (1–172) (1–178)

Cold weather, n (%) 3384 (6.5) 68 (6.0) 840 (6.8) 2476 (6.4)

n 109 20 89 77

Mean (SD)a 31.0 (45.6) 3.4 (7.5) 9.4 (13.6) 32.2 (46.4)

Median 8.0 1.5 3.0 9.0

Range (min, max) (1–195) (1–35) (1–78) (1–178)

Cold/flu, n (%) 2868 (5.5) 68 (6.0) 543 (4.4) 2257 (5.8)

n 60 18 49 44

Mean (SD)a 47.8 (54.9) 3.8 (7.9) 11.1 (14.8) 51.3 (53.8)

Median 21.0 1.5 4.0 32.0

Range (min, max) (1–195) (1–35) (1–78) (1–178)

Chemicals, n (%) 2814 (5.4) 55 (4.9) 499 (4.0) 2260 (5.9)

n 49 13 42 40

Mean (SD)a 57.4 (56.3) 4.2 (9.3) 11.9 (16.0) 56.5 (53.8)

Median 36.0 1.0 4.5 35.5

Range (min, max) (1–195) (1–35) (1–78) (1–178)

(continued)
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Table A.4. Continued.

Asthma status

Variable Overall (N= 52,112) Bad (n= 1129, 2.2%) Okay (n= 12,363, 23.7%) Good (n= 38,620, 74.1%)

Mold, n (%) 3859 (7.4) 102 (9.0) 1199 (9.7) 2558 (6.6)

n 94 28 74 73

Mean (SD)a 41.1 (51.9) 3.6 (7.1) 16.2 (30.2) 35.0 (46.8)

Median 16.0 1.0 4.0 10.0

Range (min, max) (1–205) (1–35) (1–196) (1–178)

Exercise, n (%) 3057 (5.9) 57 (5.0) 682 (5.5) 2318 (6.0)

n 77 15 60 63

Mean (SD)a 39.7 (52.7) 3.8 (8.7) 11.4 (21.3) 36.8 (50.0)

Median 14.0 1.0 4.5 9.0

Range (min, max) (1–195) (1–35) (1–138) (1–178)

Fever, n (%) 2731 (5.2) 57 (5.0) 446 (3.6) 2228 (5.8)

n 42 14 33 37

Mean (SD)a 65.0 (57.2) 4.1 (8.9) 13.5 (16.6) 60.2 (54.2)

Median 43.5 1.5 7.0 38.0

Range (min, max) (1–195) (1–35) (1–78) (1–178)

Pollution, n (%) 2902 (5.6) 61 (5.4) 561 (4.5) 2280 (5.9)

n 75 15 55 57

Mean (SD)a 38.7 (52.6) 4.1 (8.6) 10.2 (15.6) 40.0 (51.6)

Median 8.0 2.0 3.0 9.0

Range (min, max) (1–195) (1–35) (1–78) (1–178)

Stress, n (%) 3147 (6.0) 77 (6.8) 691 (5.6) 2379 (6.2)

n 89 23 71 66

Mean (SD)a 35.4 (49.1) 3.3 (7.0) 9.7 (13.5) 36.0 (49.2)

Median 12.0 1.0 4.0 9.0

Range (min, max) (1–195) (1–35) (1–78) (1–178)

Cockroaches, n (%) 2771 (5.3) 53 (4.7) 485 (3.9) 2233 (5.8)

n 43 11 35 38

Mean (SD)a 64.4 (56.8) 4.8 (10.1) 13.9 (17.6) 58.8 (54.2)

Median 49.0 2.0 7.0 37.0

Range (min, max) (1–195) (1–35) (1–78) (2–178)

(continued)
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Table A.4. Continued.

Asthma status

Variable Overall (N= 52,112) Bad (n= 1129, 2.2%) Okay (n= 12,363, 23.7%) Good (n= 38,620, 74.1%)

Tobacco smoke, n (%) 2749 (5.3) 53 (4.7) 441 (3.6) 2255 (5.8)

n 41 11 34 38

Mean (SD)a 67.0 (56.5) 4.8 (10.1) 13.0 (16.4) 59.3 (53.7)

Median 49.0 2.0 7.0 37.0

Range (min, max) (1–195) (1–35) (1–78) (1–178)

Vaping, n (%) 2717 (5.2) 53 (4.7) 426 (3.4) 2238 (5.8)

n 37 11 30 36

Mean (SD)a 73.4 (55.7) 4.8 (10.1) 14.2 (17.0) 62.2 (53.7)

Median 57.0 2.0 7.5 45.0

Range (min, max) (3–195) (1–35) (1–78) (2–178)

Pollen, n (%) 5196 (10.0) 115 (10.2) 1761 (14.2) 3320 (8.6)

n 118 30 102 105

Mean (SD)a 44.0 (47.9) 3.8 (6.7) 17.3 (26.4) 31.6 (42.2)

Median 24.0 2.0 6.5 12.0

Range (min, max) (1–204) (1–35) (1–194) (1–178)

My trigger is not listed, n (%) 3309 (6.3) 76 (6.7) 762 (6.2) 2471 (6.4)

n 81 25 67 53

Mean (SD)a 40.9 (53.8) 3.0 (6.8) 11.4 (21.5) 46.6 (52.4)

Median 10.0 1.0 3.0 28.0

Range (min, max) (1–195) (1–35) (1–130) (1–178)

SD: standard deviation.
aMean values (calculated using data for patients who reported the trigger at least once) indicate the average number of days per patient that the trigger was
reported (from days they completed the daily log).
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Table A.5. Patient-reported daily asthma symptoms, overall and by asthma status (N= 143).

Asthma status

Variable Overall (N= 8355) Bad (n= 373, 4.5%) Okay (n= 3490, 41.8%) Good (n= 4492, 53.8%)

Chest congestion, n (%) 1373 (16.4) 106 (28.4) 755 (21.6) 512 (11.4)

n 80 34 67 47

Mean (SD)a 17.2 (28.2) 3.1 (4.2) 11.3 (15.4) 10.9 (26.0)

Median 7.0 2.0 6.0 2.0

Range (min, max) (1–144) (1–24) (1–87) (1–144)

Coughing, n (%) 1754 (21.0) 73 (19.6) 930 (26.6) 751 (16.7)

n 104 22 84 77

Mean (SD)a 16.9 (27.3) 3.3 (6.3) 11.1 (17.7) 9.8 (19.6)

Median 7.0 1.0 4.5 2.0

Range (min, max) (1–173) (1–28) (1–95) (1–108)

Chest tightness, n (%) 1074 (12.9) 55 (14.7) 716 (20.5) 303 (6.7)

n 80 13 64 53

Mean (SD)a 13.4 (22.3) 4.2 (9.3) 11.2 (21.5) 5.7 (5.9)

Median 7.5 1.0 5.0 4.0

Range (min, max) (1–139) (1–35) (1–138) (1–25)

Shortness of breath, n (%) 676 (8.1) 48 (12.9) 343 (9.8) 285 (6.3)

n 74 8 59 44

Mean (SD)a 9.1 (16.3) 6.0 (11.7) 5.8 (11.5) 6.5 (9.6)

Median 3.0 2.0 2.0 2.0

Range (min, max) (1–110) (1–35) (1–75) (1–49)

Runny nose, n (%) 880 (10.5) 10 (2.7) 294 (8.4) 576 (12.8)

n 95 6 52 78

Mean (SD)a 9.3 (13.9) 1.7 (0.8) 5.7 (13.0) 7.4 (11.4)

Median 4.0 1.5 2.0 4.0

Range (min, max) (1–92) (1–3) (1–92) (1–72)

Wheezing, n (%) 625 (7.5) 47 (12.6) 243 (7.0) 335 (7.5)

n 54 8 35 37

(continued)
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Table A.5. Continued.

Asthma status

Variable Overall (N= 8355) Bad (n= 373, 4.5%) Okay (n= 3490, 41.8%) Good (n= 4492, 53.8%)

Mean (SD)a 11.6 (29.7) 5.9 (11.4) 6.9 (14.0) 9.1 (28.1)

Median 2.0 2.0 2.0 2.0

Range (min, max) (1–141) (1–34) (1–74) (1–141)

Trouble sleeping, n (%) 173 (2.1) 22 (5.9) 86 (2.5) 65 (1.4)

n 46 4 24 30

Mean (SD)a 3.8 (7.9) 5.5 (9.0) 3.6 (7.0) 2.2 (2.2)

Median 1.5 1.0 1.0 1.0

Range (min, max) (1–53) (1–19) (1–34) (1–10)

Fever, n (%) 9 (0.1) 3 (0.8) 3 (0.1) 3 (0.1)

n 3 1 1 2

Mean (SD)a 3.0 (2.6) 3.0 3.0 1.5 (0.7)

Median 2.0 3.0 3.0 1.5

Range (min, max) (1–6) (3–3) (3–3) (1–2)

Watery or itchy eyes, n (%) 413 (4.9) 9 (2.4) 114 (3.3) 290 (6.5)

n 76 1 28 64

Mean (SD)a 5.4 (7.9) 9.0 4.1 (5.6) 4.5 (6.4)

Median 2.0 9.0 1.5 2.0

Range (min, max) (1–33) (9–9) (1–20) (1–33)

None of these symptoms,b n (%) 1378 (16.5) 0 (0) 6 (0.2) 1372 (30.5)

SD: standard deviation.
aMean values (calculated using data for patients who reported the symptom at least once) indicate the average number of days per patient that the symptom
was reported (from days they completed the daily log).
bThe “None of these symptoms” category is for patients with an asthma status reported but with no symptoms reported.
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Table A.6. Rescue medication use and emergency room/urgent care visits, overall and by asthma status (N= 148).a

Asthma status

Variable
Overall
(N= 8867) Bad (n= 154, 1.7%) Okay (n= 2478, 27.9%) Good (n= 6235, 70.3%)

In the past 24 hours, have you taken any of these medications for asthma?

Maintenance/daily, n (%) 7548 (85.1) 147 (95.5) 2111 (85.2) 5290 (84.8)

n 135 42 110 124

Mean (SD) 55.9 (49.30) 3.5 (5.80) 19.2 (26.29) 42.7 (41.93)

Median 42.0 2.0 7.0 28.5

Range (min, max) (1–206) (1–35) (1–171) (1–177)

Oral steroids, n (%) 1146 (12.9) 37 (24.0) 408 (16.5) 701 (11.2)

n 45 16 35 30

Mean (SD) 25.5 (30.12) 2.3 (2.12) 11.7 (17.60) 23.4 (25.46)

Median 10.0 1.0 4.0 11.5

Range (min, max) (1–111) (1–7) (1–83) (1–105)

Quick-relief/rescue, n (%) 1654 (18.7) 117 (76.0) 983 (39.7) 554 (8.9)

n 100 38 88 59

Mean (SD) 16.5 (28.61) 3.1 (5.32) 11.2 (22.19) 9.4 (18.79)

Median 6.0 1.5 4.0 2.0

Range (min, max) (1–172) (1–33) (1–171) (1–105)

Number of patients visiting the emergency room per monthb

n 4 3 4 1

Mean (SD)c 2.3 (1.89) 1.7 (1.15) 1.3 (0.50) 2.0

Median 1.5 1.0 1.0 2.0

Range (min, max) (1–5) (1–3) (1–2) (2–2)

Number of patients visiting the urgent care per monthb

n 5 5 3 2

Mean (SD)c 2.4 (1.52) 1.2 (0.45) 1.3 (0.58) 2.0 (1.41)

Median 2.0 1.0 1.0 2.0

Range (min, max) (1–5) (1–2) (1–2) (1–3)

SD: standard deviation.
aOnly patients who answered the questionnaire on or after the date of enrollment are counted in this table.
bOne month is calculated on 4 weeks from enrollment date.
cThe mean number of patients per month was calculated for 6 months (24 weeks) from the date of enrollment.
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Appendix B

Figure A.1. Data disposition and study flow diagram.
HCP: healthcare professional; SUS: system usability scale.

Figure A.2. Amaze clinical staff usage per 4-week period (N= 12).
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