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Abstract Objective Mobile health (mHealth) apps may prove to be useful tools for supporting
chronic disease management. We assessed the feasibility of implementing a clinically
integrated mHealth app and practice model to facilitate between-visit asthma
symptommonitoring as per guidelines and with the help of patient-reported outcomes
(PRO).
Methods We implemented the intervention at two pulmonary clinics and conducted
a mixed-methods analysis of app usage data and semi-structured interview of patients
and clinician participants over a 25-week study period.
Results Five physicians, 1 physician’s assistant, 1 nurse, and 26 patients participated.
Twenty-four patients (92%) were still participating in the intervention at the end of the
25-week study period. On average, each patient participant completed 21 of 25
questionnaires (84% completion rate). Weekly completion rates were higher for
participants who were female (88 vs. 73%, p¼0.02) and obtained a
bachelor’s degree level or higher (94 vs. 74%, p¼0.04). On average, of all question-
naires, including both completed and not completed (25 weekly questionnaires times
26 patient participants), 25% had results severe enough to qualify for a callback from a
nurse; however, patients declined this option in roughly half of the cases in which they
were offered the option. We identified 6 key themes from an analysis of 21 patients and
5 clinician interviews. From the patient’s perspective, these include more awareness of
asthma, more connected with provider, and app simplicity. From the clinician’s
perspective, these include minimal additional work required, facilitating triage, and
informing conversations during visits.
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Background and Significance

Mobile health applications (mHealth apps) have the potential
to improve chronic disease management.1 More than 81% of
Americans own smartphones and the rates of use are rising
among older adults and people with low household
incomes.2–4 Smartphone adoption among the homeless pop-
ulation has been shown to exceed 50%.5 Although much
attention has focused on the use of mHealth apps for self-
management, less effort has been devoted to understanding
how to integrate these apps into clinical care as well as the
types of practice models required for successful implementa-
tion and sustainability.6–9 Furthermore, of the more than
165,000 mHealth apps that are currently available, few have
acceptable usability, many fall short of providing clinical
utility, and most are abandoned quickly.2,10 Understanding
how to develop and implement clinically usefulmHealth apps
represents a key challenge.

An important opportunity for mHealth apps is to facilitate
symptom monitoring using standardized questionnaires.11

Patient-reported outcomes (PRO) that assess and measure
symptom severity, functional status, and quality of life have
the potential to promote effective, patient-centered care. Stud-
ies have shown many benefits for PROs, including accurate
detection of symptoms, better communication between
patients and clinicians, and improved health outcomes.12,13

Currently, PROs are primarily used in research settings; they
have yet to be deployed in clinical practice more broadly.14

Furthermore, there are few reported examples of sustainable
implementationsofPROsfor routinemonitoringbetweenvisits.

Asthma, a chronic disease that affects more than 25
million individuals in the United States and 300 million
worldwide,15,16 is in many ways an ideal condition for
between-visit symptommonitoring using an mHealth inter-
vention for PRO collection. Uncontrolled asthma has delete-
rious effects on patients’ lives: approximately 1.75 million
asthma-related visits to US emergency departments occur
eachyear (9 visits for every 100 patientswith asthma),which
are disproportionately common among patients of minority
and lower socio-economic status.17 Although evidence-
based guidelines recommend adjusting treatment based on
frequent symptom monitoring between visits, these guide-
lines are not routinely followed.18–22 Previously studied
mHealth interventions that attempted to do this were overly
complex and had inconsistent results. Finally, a little amount
of attention has been given to user-centered design and the
intervention’s integration into clinical practice.20–30

In our previous study, we developed a clinically integrated
mHealth app for asthma patients, as well as a practice model
including a dashboard for clinicians to proactively monitor

symptoms between visits.31 We employed a user-centered
design approach in which we systematically engaged patient
and clinician end users to identify requirements and core
functionality.31 Consistent with recent findings that empha-
size the importance of simplicity in digital health tools, we
focused on simplicity in every aspect of the design of the
mHealth intervention.32We implemented our mHealth inter-
vention in two subspecialty care clinics with the goal being to
engage patients and clinicians in proactively monitoring asth-
ma symptoms between visits through the collection of PROs.

Objective

The purpose of the current study was to evaluate the
feasibility of between-visit asthma symptom monitoring
via our mHealth intervention by conducting a mixed-meth-
ods analysis of our implementation.

Methods

Setting and Participants
We conducted this study at two ambulatory practices within
BrighamandWomen’sHospital, anacademicmedical center in
Boston, MA, from May 2017 through April 2018.Five physi-
cians, one physician's assistant, and one licensed practical
nurse (LPN) from these clinics were recruited (most of these
clinicians were previously involved in the design of the inter-
vention and application). While primary care is the setting in
whichmost asthmapatients are treated,we chose ambulatory
clinics that specialized in pulmonary or allergic diseases to
facilitate recruitment of physicians and diverse patients with
poor asthma control.

Patients were recruited on a rolling basis during the six-
month study period by means of a mailed letter from their
subspecialty physician followed by a phone call from a
research assistant. We included patients selected by their
physicianwhowere older than 18 years, spoke English, had a
diagnosis of asthma, and stated they used a smartphone
regularly. We excluded patients with cognitive impairment.
We used purposeful, maximal variation sampling to recruit
between 24 and 50 participants with a range of ages,
ethnicities and education levels, as recommended for feasi-
bility studies.33–35 A research assistant collected demo-
graphic data verbally from patients during enrollment.
Patients were provided an incentive of $25 upon enrollment
and completion of the study. The nurse was paid $5,000 as
compensation to answer phone calls and upload PRO data to
the electronic health record (EHR) before each visit. Physi-
cians were not provided any incentive or additional com-
pensation to participate.

Conclusion Implementation of a clinically integrated mHealth app and practice
model can achieve high patient retention and adherence to guideline-recommended
asthma symptom monitoring, while minimally burdening clinicians. The intervention
has the potential for scaling to primary care and reducing utilization of urgent and
emergency care.
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Intervention: mHealth App and Practice Model
Using user-centered designprinciples,we previously designed
and developed a patient-facing mHealth app that runs on iOS
and Android, a web-based dashboard for use by nurses and
physicians, andapracticemodel to support implementation in
routine care.31 A practice model defines the essential compo-
nents of clinical practice (e.g., workflows and technologies)
required to achieve a specific goal. We found through our
design process that clinical integration would not be possible
by implementing the app without an accompanying practice
model.Weused an iterative process inwhichwe engagedwith
19 patients and 7 clinicians to define newworkflows, develop
low- and high-fidelity prototypes, and finalize the final soft-
ware specifications. The intervention consists of four compo-
nents as described in ►Table 1. To collect and track patient
symptoms, we used a 5-question instrument or the asthma
controlmeasure (ACM).36–38TheACMisaPRO instrument that
is reliable andvalid, andpossesses similarcharacteristics tothe
more widely used Asthma Control Test.39 The ACM does not
require a license to use and is thereforemore scalable. Possible
total scores on the 5-question ACM range from 0 (no symp-
toms) to 19 (most severe symptoms); see ►Supplementary

AppendixA [available in theonlineversion] forACMquestions.
To determine patients’ baseline ACM scores, upon enrollment,
the apppromptedpatients to complete theACMfor an average
week in the recent past (see ►Supplementary Appendix B

[available in the online version] for some screenshots of the
app and dashboard).

Adaptation
Midway through the study, we made one change to the
intervention in response to feedback the nurse received
frompatient participants:we removed themandatory callback
feature, which automated a nurse-to-patient phone call when
patients reported symptoms that met criteria of very high or
greatly worsening severity (►Table 1). After that change,

patients received only the optional callback feature (i.e., the
patient would be allowed to request or decline the callback)
even if their symptomswere very severe.Wemade this change
because we found that the mandatory callback feature often
occurredwhen the patient had already contacted their doctor
and received treatment.

Semi-structured Interviews
We attempted to conduct individual, semi-structured inter-
views via telephone with all patient and clinician participants.
We developed individual interview guides for patients, the
nurse, and clinicians who participated. Interview topics
addressed the following: overall perspective of the interven-
tion (mHealth app and practice model), perceived benefits to
patients, technical and workflow barriers, features of the app
and practicemodel, and potential enhancements to include for
subsequent development (►Supplementary Appendix C,
available in the online version). Each interview lasted approxi-
mately 30minutes for patients and onehour for physicians and
the nurse. All interviewswere audio recorded and transcribed.
After each interview, we emailed the patient a survey to assess
usability (►Supplementary Appendix D, available in the
online version).

Mixed Methods Analysis
We conducted a sequential-explanatory, mixedmethods anal-
ysis.40 We first analyzed patients’ usage logs using descriptive
statistics and associations with demographic variables. Next,
we analyzed qualitative data to inform our quantitative find-
ings, and better understand patient and provider experiences
with the app and practice model.

Quantitative Analysis
Weuseddescriptive statistics to report patients’ characteristics
(e.g., baseline and weekly questionnaire scores) and participa-
tion (e.g., weekly questionnaire completion rates and

Table 1 Invention components of mHealth app and practice model

Component Description

1. Invitation Patients are invited to participate by their physician via mailed letter with follow-up phone call
from implementation staff

2. Weekly symptom
checks and notifications

Patients receive weekly prompts to complete a questionnaire on their smartphones.
Questionnaires expire after 48 hours. If symptoms meet specific criteria for worsening or
severity (3 points worse than baseline or previous week), patients can request a call after
completing the questionnaire from the nurse who uses the dashboard (i.e., optional callback).
If symptoms are more severe (6 points worse than baseline or previous week, or most severe
an any questions), a call is requested automatically (i.e., mandatory callback).a Call-backs are
made within 24–48 hours

3. Patient’s review of
symptoms on app

Patients can view graphically their recent symptom history as an aggregate score and as scores
on individual questions

4. Clinicians review of
symptoms during
in-person visit

Physicians, nurses, and/or physicians’ assistants can access patients’ symptom history within
the EHR and discuss the data during in-person visitsb

aWe disabled the mandatory callback feature during the study period in response to feedback that patient preferred the optional callback instead.
bIntegration of the dashboard directly into the EHRwas not possible at the time of this study due to the institution’s recent transition to a new EHR. To
test this component, the nursemanually uploaded a one-page summary of each patient’s PRO data as a recent note prior to each patient’s visit with
his or her provider.
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proportion of questionnaires qualifying for each type of call-
back). To assess symptomvolatility, wefirst categorized level of
asthma control based on patients’ weekly questionnaire
responses into the following three levels: well controlled¼0
to 2, not well controlled¼3 to 7, very poorly controlled¼8 to
19.We then computed a transition score, reflecting changes in
level of asthma control for each week of the study (same
category¼0, change to an adjacent category¼1, and change
to a nonadjacent category¼2).38,41

We conducted bivariate analyses to assess the associa-
tions between patients’ demographic (age, gender, ethnicity,
education) and clinical characteristics and weekly question-
naire completion rates. For each patient, we calculated the
completion rate, which is defined as the total number of
questionnaires completed and then divided by the total
number of questionnaires administered to the individual
participant (i.e., 25). We used this as a continuous measure
and applied two-sample t-tests to assess differences by
gender, education (bachelor’s degree and higher), and eth-
nicity. An analysis of variance was conducted to compare
patients’ questionnaire completion rates across the 5 clini-
cians (i.e., patients were grouped by their clinician). Pear-
son’s correlation tests were conducted to assess the
association between percent questionnaire completion and
the continuous demographic and clinical variables (e.g., age
and symptom severity). All analyses were conducted using
SAS software (SAS Institute Inc., Cary, NC, USA).

Qualitative Analysis
To facilitate coding qualitative data, we used Dedoose (Socio-
Cultural Research Consultants, LLC version v8.0.35), a secure
online data analysis application. Two authors (RSR and NQ)
reviewed all transcripts and developed a preliminary hierar-
chically organized codebook using both deductive (i.e., based
onthe interviewguideandquantitativefindings)and inductive
(i.e., emerged from the data) approaches.42Once the codebook
was finalized, to ensure consistency, 2 coders (RSR and NQ)
coded2 transcripts independentlyandobtainedakappa¼0.82
(out 1.0 which indicates perfect agreement). The 2 coders then
coded all subsequent transcripts using the code book. The
codersaddedamodestnumberofnewcodesor refinedexisting
ones that emergedduring the analysis to improve thequalityof

the coding. The same2 coders reviewedall transcripts a second
time using the final codebook to identify salient themes and
discussed the findings with the research team over several
sessions.We continued the analysis until we reached thematic
saturation.43

Ethical Approval
Theproceduresused in this studywere reviewedandcomplied
with the institutional review boards at Brigham andWomen’s
Hospital and theRANDCorporation; all patientsprovided their
consent. It is possible that the payments to the patients made
themmore likely to actively participate in the study. However,
their payment was not contingent on their level of participa-
tion and the amount of the payment was modest.

Results

Out of the 59 patients invited to participate via a letter from
their physician, 26 enrolled in the study. Patient participants
(►Table 1)weremostly female andwhite, and approximately
50% were college educated. Four physicians and one physi-
cian assistant participated, along with the LPNwho served as
our study nurse.

Quantitative Results: Analysis of App Usage
During the 25-week study, on average, each patient complet-
ed 21 of the 25weekly questionnaires (84% completion rate):
the completion rate for individual participant ranged from 4
to 100%. Of the 26 patients, 19 (73%) had perfect or near
perfect (i.e., missed one) completion rates on weekly ques-
tionnaires, 23 (88%) completed at least one questionnaire in
each of the 6 months of the study, and 24 patients (92%)
continued to participate in the final month of the study.

Of the 26 patient participants, 24 (92%) had at least one
weekly questionnaire score that was severe enough to qualify
for an optional or mandatory callback from a nurse (see
Methods section for call-back severity criteria). On average,
of the 25 questionnaires administered to each of the patient
participants, 6.25 questionnaires (25%) had results adequately
severe enough to qualify for a callback from a nurse. Callbacks
consisted of three types (►Figure 1) and had per patient
averages as follows: 8% (2 of 25 weekly questionnaires)

Fig. 1 Weekly questionnaire completion rates and use of callback features.
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resulted inoptional callbacks forwhich thepatient requesteda
call; 12% (3 of 25 weekly questionnaires) resulted in optional
callbacks for which the patient declined a call, and 5% (1.25 of
25weekly questionnaires) resulted inmandatory callbacks. Of
the 26 study patients, 20 (77%) declined at least one option to
receive a callback.

Female patients had significantly higher weekly question-
naire completion rates compared to males (88 vs. 73%,
p¼0.02). Patients with a bachelor’s degree level or higher
completed significantly more questionnaires compared to
those with lower education (94 vs. 74%, p<0.01). Clinical
characteristics (derived from ACM scores), age, and ethnicity
were not significantly associated with questionnaire comple-
tion (►Fig. 2 and►Tables 2 and 3). Types of ACMweekly score
patterns for 4 participants are illustrated in►Fig 3. Therewere
no statistically significant differences in levels of completion
across 5 clinicians (data not shown, ANOVA p¼0.37).

Qualitative Results: Analysis of Interview Data
We identified 6 salient themes based on interviews with 21
patients, 3 physicians, 1 physicians’ assistant, and the nurse.
Overall, patients’ comments related to the intervention
reflected positive experiences and continued interest in
using the app after study completion. Clinicians found the
intervention generally non-intrusive and/or helpful in
informing their discussions with patients. We describe the
themes for each intervention role (patient and clinician) as
well as feedback on specific intervention components.

Patient Themes
The most salient theme that emerged from patients was the
benefit of improved awareness of asthma symptoms: “Like
it’s kind of hardwhenyou see your doctor like every couple of
months and you don’t really realize what’s going on week to

week… it was good just to kind of keep you aware of like
what you should be thinking about telling your doctor, like
whether you’re getting better or worse.” Several patients
believed the value of the app increased over time, as the
graph included more of their asthma history. Patients found
other benefits, most notably feeling more connected to their
provider (attributed to completing weekly questionnair-
es)–“I was connected to the clinic and it felt good that I
knew that they know that my asthma was bad and that I
didn’t have to go to the emergency room.”–and the app’s
simplicity–“I liked the simplicity of it. It was very easy to use.
It was quick.” Based on review of patients’ responses in the
context of their reported scores through the app, it appears
that patients with more active asthma were interested in
spending more time in the app and requested more features
(see below), while patients with more stable asthma found
the weekly questionnaires less valuable.

Clinician Themes
The clinicians found the enrollment process to be easy and
the intervention low burden and not disruptive to their
workflows overall. One suggested the intervention reduced
their workload by receiving updates from the nurse instead
of making multiple calls to get a hold of patients: “And
probably reduced my work to the extent that it engaged
our nurse… as opposed to my making multiple phone calls
trying to make contact, trying to discuss issues with the
patient.” They mostly did not utilize the PRO data because
they did not notice it in the EHR, but when they did, they
found it helpful in discussionswith patients because patients
did not always remember when they had had asthma
exacerbations: “… sometimes you’ll have somebody who is
there in front of you and like they just don’t remember. And
you’re like, ‘Really? I got a message about your, you know,

Fig. 2 Distribution of questionnaire completion by patient characteristics. An “X” indicates the mean value in the distribution of % of
questionnaire completion and the “o” marks outlier values.
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asthma last month. It didn’t sound like it was that great’.”
Clinicians perceived that the intervention facilitated triage of
patients and likely identified those in need of clinical assis-
tance earlier: “…what I think is there were a certain number
of people who I think we found helpful because they became
more cognizant of their symptoms,… and that probably their
asthma got triaged differently because of the app. Either they
wouldn’t have called at all, or no one would have realized
how severe something was, or that it was very reassuring or
whatever… So I thought for triaging purposes, in general,
that helped.”

Feedback on Specific Features
Patients and clinicians were generally supportive of the
weekly questionnaire functionality, including the ability to
request a call via the app, whichmany patients found to be of
a particularly high value. Interestingly, most patients pre-
ferred control over their requests for communication. They
believed that the mandatory callback feature would be
appropriate for other patients but not themselves. Patients
were strongly supportive of the 48-hour deadline to com-
plete the weekly questionnaire. Clinicians suggested the PRO
data should be better integrated into their in-person visit
workflows, but were unsure how best to do that. Both
patients and clinicians suggested adding functionality to
track peak flows, triggers, and diaries, and some patients

said that such functionality would be necessary for them to
be motivated to continue using the app.

Discussion

We found that a mHealth intervention for asthma symptom
monitoring, consisting of a simple app for patients and
practice model for clinicians, is feasible when integrated
into routine clinical care. From our quantitative analysis,
we found that questionnaire completion rates were high and
sustained throughout the study period. From our qualitative
analysis, we identified key themes about the intervention
from the patient perspective (app simplicity, increased
awareness of asthma, and greater connectedness to clini-
cians) and the clinician perspective (facilitating triaging
patients, informing conversations during visits, andminimal
workflow burden). Incorporating PRO data into routine
clinical workflow for physician review from the EHR before
or during a patient visit proved to be a major challenge.
Patients and clinicians identified many opportunities for
enhancements, including enabling data entry for peak flow
measurements and short notes about symptoms.

The high and sustained level of participation by patients
over the course of the study is likely due to our previouswork
in which we actively engaged patients and clinicians in a
participatory design and development process. Specifically,

Fig. 3 Four example patients’ responses to weekly ACM questionnaires.
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our findings were largely consistent with the qualitative data
from patients and clinicians we collected during our design
and development process, in which we incorporated feed-
back from all stakeholders systematically, with a focus on the
core intervention components.31 This design and develop-
ment method likely led to the app’s simplicity and perceived
utility (e.g., increased awareness of asthma and faster access
to care). The larger number of female participants can be
explained by greater adult prevalence of asthma among

females.44 The higher completion rates for educated partic-
ipants is consistent with findings from other studies that
found education to have a positive effect on adherence.45

This finding suggests the importance of understanding how
to engage less educated patients in the design of interven-
tions so that they do not contribute to disparities. We found
greater weekly completion rates among female participants,
which is consistent with some studies of adherence but not
others.45

Table 2 Patient demographics, asthma control, and mHealth app participation, n¼ 26

Patient demographics

Mean (SD) age in years 54 (16)

Sex, N (%)

Male 7 (27%)

Female 19 (73%)

Education, N (%)

Bachelorsþ 14 (54%)

Non-bachelors 9 (35%)

Missing 3 (12%)

Ethnicity, N (%)

White 20 (77%)

Nonwhite 6 (23%)

Asthma control

Median (IQR) baseline score on modified ACMa 5.0 (4.0)

Median (IQR) average of weekly scores on modified ACMa 2.8 (5.8)

Median (IQR) transitions scoreb 0.2 (0.3)

Median (IQR) % of responses indicating worsening or severe symptomsc 12 (28)

mHealth app participation

No. of weekly questionnaires administered to each patient participantd 25

Mean % weekly questionnaires completed per patiente 84%

Patients with perfect or near perfect (i.e., missed 1) questionnaire completion rate over 6-month study period, N (%) 19 (73%)

Patients who completed a questionnaire in each of the 6 months of the study, N (%) 23 (88%)

Patients who responded to a questionnaire within the final month of their study period, N (%) 24 (92%)

Patients who had at least one questionnaire that qualified for an optional or mandatory call-back, N (%) 24 (92%)

Mean % weekly questionnaires per patient that qualified for a call-back (optionalþmandatory)e 25%

Mean % weekly questionnaires per patient resulting in mandatory callbackse 5%

Mean % weekly questionnaires per patient resulting in optional callbacks requestede 8%

Mean % weekly questionnaires per patient resulting in optional callbacks declinede 12%

Patients receiving at least one callback from a nurse, N (%) 21 (81%)

Patients declining at least one callback from a nurse, N (%) 20 (77%)

aThe Asthma Control Measure (ACM) is a patient questionnaire used to assess recent asthma symptoms and severity. Wemodified it frommonthly to
weekly.

bQuestionnaire scores were categorized into three levels for severity (well¼ 0–2, not well¼ 3–7, very poorly¼ 8–19) and changes in severity
categories where measured for consecutive weeks (same category¼ 0, change to an adjacent category¼ 1, and change to a nonadjacent
category¼ 2). The average transition score was computed for each patient as a measure of the volatility of their condition, where higher average
transition scores indicate greater volatility.

cPatients with severe symptoms either automatically received a call for a clinician (mandatory callback) or the patient was given the option of
requesting a call (optional callback).
dOne questionnaire was sent per week to each patient for the 25-week study period. Due to a technical error, some patients were allowed to continue
using the app beyond the study period; see ►Supplementary Appendix E (available in the online version) for usage.

eDenominator is total questionnaires administered per patient (i.e., 25).
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We encountered several unanticipated findings. First,
although few patients reported that they discussed their
PRO results with their clinician during medical visits, most
continued to use the app until the end of the study. The initial
invitation from physicians may be sufficient to keep most
patients engaged, and ongoing physician encouragement
may not be as critical as our user testing indicated. Second,
some patients found that the intervention improved aware-
ness of their asthma even though they did not know about
the graph capability in the app. The simple act of asking
patients about their asthma symptoms and control may have
some benefits in terms of symptom awareness in and of
itself. Third, despite expressed support by many patients
during design sessions for mandatory callbacks when symp-
tomswere severe, we found a lack of support for keeping that
feature during the feasibility test because it created unnec-
essary callbacks.

Whereas previously evaluated digital asthma interventions
involved multiple components that were systematically
designed and complex,21 our intervention focused on a few,
core components that patients and clinicians indicatedwere of
thehighest priority during our design sessions. Consistent with
other recent findings based on survey data, these core compo-
nents provide assistance to patients in monitoring symptoms
between medical visits and deciding when to seek care.46

Focusing on a small number of intervention components and
incrementally adding new ones is likely an effective develop-

ment strategy for producing clearer attribution of study results
to intervention components.21,47 Although intervention devel-
opers may be tempted to build and test more complex inter-
ventions that incorporatemultiple components and implement
multiple recommended guidelines, our results suggest that
when integrating mHealth-based interventions into clinical
care, even a relatively simple intervention can reveal important
complexities that are relevant to successful implementation
and adoption of the intervention. Between visits, symptom
monitoring using emails or SMS has been assessed in asthma48

and other conditions such as cancer,12 diabetes49 and depres-
sion,50with some data showing clinical benefits. However, best
practices for designing, developing, and implementing such
tools are still rudimentary51–53; our work provides a demon-
stration of a systematic approach with one condition.

Limitations

The patients we includedwere all adults and recruited primar-
ily from three subspecialty physicians within a single institu-
tion inoneregionandrepresentamodest,non-randomsample.
Thus, they may not be representative of all patients who
experience difficulty controlling their asthma as well as those
who are being treated in primary care settings. Two patients
were involved in the design process the previous year. Patients
who responded to our invitationmay bemore likely to use the
appthan thosewhodidnot. Patientwithout smartphoneswere

Table 3 Association between weekly questionnaire completion and demographic and clinical characteristics

N Percent question-
naires complete

T-test
p-value

Categorical variables Mean (SD)

Gender

Male 7 73 36 0.02

Female 19 88 18

Education

Bachelorsþ 14 94 5 <0.01

No Bachelors 9 74 36

Ethnicity/Race

White, non-Hispanic 20 80 22 0.85

Nonwhite and/or Hispanic 6 85 25

Continuous variables N Rho Correlation
p-value

Age 26 �0.28 0.17

Baseline score on modified ACMa 26 0.23 0.26

Average score on modified ACMa 26 0.17 0.40

Average transitions scoreb 25 0.16 0.45

% Responses indicating worsening or severe symptomsc 26 0.20 0.32

aThe modified Asthma Control Measure (ACM) is used to assess recent asthma symptoms and severity.
bQuestionnaire scores were categorized into three levels for severity (well¼ 0–2, not well¼ 3–7, very poorly¼ 8–19) and changes in severity
categories where measured for consecutive weeks (same category¼ 0, change to an adjacent category¼ 1, and change to a nonadjacent
category¼ 2). The average transition score was computed for each patient as a measure of the volatility of their condition, where higher average
transition scores indicate greater volatility.

cPatients with severe symptoms either automatically received a call from a clinician or the patient was given the option of requesting a call.
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excluded. However, it may be possible to expand the interven-
tion, so that caregivers who do have smartphones can assist
patients who do not. The physicians and nurse may not be
representative ofmost clinicians in terms of their relationships
with patients; patientswho have less strong relationshipswith
their cliniciansmay be less likely to stay engaged. Also, because
most of the clinicians were involved in the design of
the intervention and application, they may have been more
inclined to view it favorably, however, their involvement in the
designwasmostly limitedtoonedesign session. Theadaptation
of theACMfrommonthly toweeklymayhave introduced some
unexpected changes to the thresholds.Wedidnot assess health
literacy and it is possible some aspects of the app, such as the
graph, may have not have been useful to patients with lower
health literacy. These limitations notwithstanding, as a feasi-
bility study, the key quantitative and qualitative results are
informative for further developing this intervention.

Conclusion—Implications and Next Steps

Implementation of a simple, clinically integrated mHealth
app and practice model was feasible and resulted in a high
and sustained rate of weekly questionnaire completion and
minimal burden on clinical staff. This intervention provides
preliminary evidence for how a mHealth intervention could
support clinicians in improving adherence to guidelines that
recommend serial symptom monitoring between visits, as
part of routine carewith the goal of preventing exacerbations
and utilization of urgent and emergency care. This work
suggests that focusing on a small number of intervention
components was a successful strategy to design an interven-
tion. Furthermore, feasibility testing allowed us to identify
and prioritize additional enhancements. The next steps will
be to adapt and scale this intervention to the primary care
setting, where most asthma patients receive care, and
further investigate how to improve patient engagement,
including those who are less educated.

Clinical Relevance Statement

Guidelines recommend clinicians monitor patients’ asthma
symptoms, but such monitoring does not occur routinely
between visits. In this 6-month study, we demonstrate that
between-visit symptom monitoring is feasible using a pa-
tient-facing smartphone application and provider practice
model. Patients adhered to 84% of questionnaires and the
burden on providers was minimal.

Multiple Choice Questions

1. When patient-report symptoms between visit indicate
that they have severe symptoms and likely need to speak
with a provider, which mechanism is preferred by
patients to establish contact with their provider?
a. Mandatory callback by a nurse (i.e., the patients’ symp-

toms automatically trigger a request for nurse phone
call).

b. Optional callback by a nurse (i.e., patients have the
option to either request or decline a call-back).

c. Prompt to call their provider.

Correct Answer: The correct answer is option b. Patients
in this study overwhelmingly preferred to have the option
to request a callback instead of receiving a mandatory
callback. Patients found it easier to request a call com-
paredwith using the usualmeans of calling their provider.

2. What is thebest approach for designing interventions that
implement clinical guidelines?
a. Include as many clinical guidelines as possible up front

to maximize the chance that the interventionwill have
the greatest benefit.

b. Include all guidelines that your collaborators are most
familiar with.

c. Begin with one guideline and incrementally incorpo-
rate others with rounds of user testing and feasibility
testing.

Correct Answer: The correct answer is option c. Although
implementing all available guidelines is the ultimate goal,
doing so all at once creates a more complex design
problem, risks wasting time adding features that are
unhelpful or even bothersome to the users, and poses
challenges attributing outcomes to specific features.
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