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Abstract

Background: Management of chronic recurrent medical conditions (CRMCs), such as migraine headaches, chronic pain, and
anxiety/depression, remains a mgjor challenge for modern providers. Our team has developed an edge-based, semiautomated
mobile health (mHealth) technology called iMTracker that employs the N-of-1 trial approach to allow self-management of
CRMCs.

Objective: Thisstudy examinesthe patterns of adoption, identifies CRMCsthat users selected for self-application, and explores
barriers to use of the iM Tracker app.

Methods: Thisisafeasibility pilot study with internet-based recruitment that ran from May 15, 2019, to December 23, 2020.
Werecruited 180 patientsto pilot test theiM Tracker app for user-selected CRM Csfor a 3-month period. Patientswere administered
surveys before and after the study.

Results: We found reasonable usage rates: atotal of 73/103 (70.9%) patients who were not lost to follow-up reported the full
3-month use of the app. Most users chose to use the iM Tracker app to self-manage chronic pain (other than headaches; 80/212,
37.7%), followed by headachesin 36/212 (17.0%) and mental health (anxiety and depression) in 27/212 (12.8%). The recurrence
rate of CRMCswas at |east weekly in over 93% (169/180) of patients, with 36.1% (65/180) of CRMCs recurring multiple times
inaday, 41.7% (75/180) daily, and 16.1% (29/180) weekly. We found that the main barriersto use were the design and technical
function of the app, but that use of the app resulted in an improvement in confidence in the efficiency and safety/privacy of this
approach.

Conclusions: The iMTracker app provides a feasible platform for the N-of-1 trial approach to self-management of CRMCs,
although internet-based recruitment provided limited follow-up, suggesting that in-person evaluation may be needed. The rate
of CRMC recurrence was high enough to allow the N-of-1 trial assessment for most traits.

(IMIR Form Res 2022;6(4):€34827) doi: 10.2196/34827
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Introduction

Chronic recurrent medical conditions (CRMCs) encompass a
major proportion of the modern health care burden, accounting
for significant costs in the form of both management and lost
productive time [1]. For example, chronic migraine headaches
affect about 2% of the global population [2], and in the United
States aone, cost more than US $20 billion annually [1] to
manage. Chronic low back pain accountsfor over 5 hours/week
inlost productivity by workers, resultingin over US$10 billion
in lost revenue per year [1]. Mental health disorders, including
depression and anxiety, accounted for 183.9 million
disability-adjusted lifeyearsand 175.3 million yearslived with
disability worldwide [3], with an increase of 37.6% over the
years from 1990 to 2010 [3].

On amore granular level, CRMCs create amajor challenge for
today’s busy clinician. Although widely variable across
providers and practices, the time available for a face-to-face
encounter with patients continues to trend downward, despite
an increase in the number of clinical items needing to be
addressed [4]. Asaresult, providers have lesstime available to
focus on the range of triggers and contributing factors for any
given CRMC. This trend is unfortunate, as for many CRMCs
the number and complexity of environmental and lifestyle
triggers can be quite robust. For example, sleep changes have
been described in about 50% of patients with migraine
headaches, although 75% of patients also chose to sleep dueto
the migraine headache[5]. In addition, astudy of 1207 patients
with migraine headache identified no less than 16 possible
triggerspresent in at least 5% of theseindividuals[6]. A similar
scaleintriggers has a so been noted for depression [ 7], anxiety
[8], and chronic low back pain flares [9]. As such, tailored
management of patients with these and other CRMCs often

Figure 1. Screenshots of iMTracker.
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requiresthe provider to take adetailed, longitudinal history with
attention to temporal relationships—an approach that fits poorly
with the practical constraints of modern clinical practice.

Despite theselimitations, thereis evidence that an individualized
approach to self-management of CRMCs using mobile health
(mHealth) apps has potential to improve clinical outcomes.
Specifically, the N-of-1 approach to care has been applied to
study variousinterventionsfor pain [10-14], depression [15-17],
anxiety [18,19], and migraine headaches [20-22], and has been
incorporated into mHealth technology [23-25]. In 2017, our
team developed a prototype semiautomated iOS mHealth app
called theiM Tracker (Figure 1), which incorporates the N-of -1
platform for patient-entered data to log recurrences of a given
CRMC, as well as the opportunity to log possible triggers or
suppressors of the CRMC. TheiM Tracker provides edge-based
analysis of symptom correlations, in which data are stored and
analyzed on each user’s device, without the need to transfer or
store data to a central server. However, it is unknown which
specific patients with CRM Cs would be most likely to use the
iMTracker for self-management, and whether the rate of
recurrence is high enough to maintain a sufficient level of
engagement to draw meaningful associations with lifestyle
triggersand to evaluate theimpact of interventions on recurrence
rate. In thisfeasibility pilot investigation, we aimed to apply an
internet-based recruitment approach to enroll patients to trial
the iMTracker app. Our goal in this study was to examine the
3-month adoption rate of the iMTracker app by patients with
CRMCs, to understand the patterns and characteristics of the
possible CRM Csand users, and to identify design and functional
barriers to the use of iMTracker prior to its use. Additionally,
we planned to examine the strengths and limitations of the
internet-based recruitment approach to development and testing
of mHealth apps, and identify areas to address for future
prospective studies aimed at improving outcomes.
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Methods

Patients

From May 15, 2019, to December 23, 2020, we recruited 180
patients to test the iMTracker app for iPhone for
self-management of their CRM Cs using an internet-based study
design. Inclusion criteria were aged 18 or older, presence of a
CRMC, and use of an iPhone. There were no official exclusion
criteria, athough based on study design and app functionality,
patients generally needed to be English speaking and familiar
with the use of iPhone apps, as well as the use of email and
internet. We started with advertising on social media, such as
Twitter, campus-based fliers, and provider word-of-mouth, but
found limited recruitment, by which only 2 patients were
recruited. We then employed the Trial Facts patient-recruitment
company [26] (San Diego, CA, USA) to assist with
internet-based recruitment. Patients were provided a small
financid stipend for participation, which was paid on enrolIment
only (nothing additional for follow-up). Written informed
consent was obtained for all patients.

Ethics Approval

The study protocol was approved by the University of Colorado
Institutional Review Board (Protocol #18-1000).

Mande et al

mHealth App (iM Tracker)

The platform of iM Tracker was designed based on an automated
N-of-1 trial approach (Figure 2) that includes both hypothesis
generation and hypothesis testing, which can be built into the
logic of an mHealth app. TheiM Tracker allowsthe user to select
any problem (outcome) and any potential lifestyle factors (risk
factors) or intervention that the user would like to test for an
association with the outcome. Through iteration between
hypothesis generation (ie, “1sthere an association between risk
factor A and occurrence of my condition?’) and hypothesis
testing (ie, “Does changing risk factor A improve the rate of
occurrence of my condition?"), the user is able to self-manage
his or her condition toward an overal goa of reducing
recurrence. The platform thus provides a semiautomated
approach to self-management, in which the analysis provides
potential lifestyle/behavioral factors that are associated with
the CRMC, but allows usersto select which factor to intervene
upon to examineimpact on CRMC recurrencerate. Importantly,
the overarching design of the iMTracker app has been focused
on application of edge computing [27,28] strategiesthat run on
the mobile device itself, to alow complete usage of the
iMTracker app without the need for transfer or storage of data
on a server, which provides patients with alevel of privacy and
data security [29,30].

Figure 2. The semiautomated N-of-1 approach motivating the iM Tracker design.
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Data are manually entered by the user, presented in a visua
format, and then modeled for correlations between the selected
outcome (problem) and potential risk factors (Figure 1). Through
built-in notifications, the iMTracker app prompts the user to
input data daily, and keeps a running summary of the inputs.
Thisanalysisincludes correl ation between the outcome and risk
factorson adaily basisand with 1-day lag toidentify risk factors
that could potentially cause the outcome on the following day,
using the phi statistic for correlation between discrete variables
[31]. Although analysis is performed after only 3 days of data
collection, usersareinformed that the accuracy of the correlation
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is higher with greater amounts of data collection (Multimedia
Appendix 1). Once enough data have been collected to form
hypotheses about causative associations, users are directed to
reset the data collection and select an intervention in the form
of alifestyle modification, from which future datawill examine
the role of that intervention in reducing recurrences of the
outcome.

Survey

Our team designed a brief survey instrument with several goals
in mind. First, we wanted to identify which specific CRMCs
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users selected for self-management using the iMTracker app.
These diagnoses were self-provided, and we did not perform a
Separate validation with either treating clinicians or chart review.
Second, we sought to collect information about the typical
pattern of CRMCs—that is, frequency of recurrence—to
understand the burden of disease of a possible user of the
iMTracker app, and aso to guide future work in automating
analysestoward sufficient statistical power to detect associated
lifestyle conditions and the effect of interventions. Third, we
included questions aimed at detecting prior experience with
regular data collection (eg, “How often do you weigh
yourself?"), information sharing (eg, “How often do you post
on social media?’), and electronic engagement with providers
using email or secure messaging. Broadly, these questions
helped to frame the users' motivation for using this type of
technology for self-management of CRM Cs. Fourth, weinquired
about concerns of using technology for self-management of
conditions; specifically, we asked usersto rank concernsrelated
to data security, privacy, efficiency (time demand), and efficacy.
Finally, weinquired about specific concernswith theiM Tracker
app, and asked for qualitative input about the design and
function. In addition, we collected basic demographic
information about categories of age, education, race, and
ethnicity.

Thefollow-up survey was designed to obtain information about
the app itself, as well as the process of the N-of-1 approach to
self-management of their selected condition, and to assess the
3-month adoption rate to provide a baseline for future clinical
trials. Patientswere sent alink to the poststudy survey 3 months
after the date of enrollment. Patients that provided no answer
for the 3-month adoption, but who completed the postsurvey
were assumed to have not compl eted the 3-month adoption. The
postsurvey questions are provided in Multimedia Appendix 2.

The study was conducted remotely using email and phone calls
with patients. After informed consent was obtained, patients
weregiven alink to the online survey using a REDCap database.
Patients were guided through download and use of the
iMTracker mHealth app for iPhone (i0S) by a member (AM)
of the research team, and given the opportunity to provide
qualitative feedback about the app design, outside the survey
data. The postuse survey was deployed after 3 months of use
(Multimedia Appendix 3).

Analysis

All study datawere collected in aREDCap database. Statistical
testsof proportionswere based on Fisher exact test. Theanaysis
was performed using Stata | C, version 16.1 (StataCorp, Inc.).

Results

Of the 180 patients who completed the preuse survey, 103 also
completed the postuse survey (57.2%). Only 2 patients were
recruited by the study team outside of use of the TrialFacts
company referrals. A total of 172 patients (95.6%) were under
the age of 65, with the predominant age range being 31-45 (80
patients, 44.4%; Table 1). Most patients had at least some
college (171/180, 95.0%), and most were White (144/180,
80.0%) and non-Hispanic/Latino (161/180, 89.4%).

https://formative.jmir.org/2022/4/e34827
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The most common CRMCs (self-reported) for which patients
planned to use the iMTracker app to self-manage were pain
(80/212, 37.7%), including low back pain and other
musculoskeletal pain syndromes; headaches (36/212, 17.0%),
including migraines; gastrointestinal symptoms (17/212, 8.0%),
including inflammatory bowel disease flaresand irritable bowel
disease; and mental health conditions, including anxiety (12/212,
5.7%) and depression (15/212, 7.1%; Table 2). A total of 19/180
patients (10.6%) planned to use the app to monitor more than
1 CRMC. For most CRMCs, frequency was daily (75/180,
41.7%) or multiple times a day (65/180, 36.1%), with few
occurring less often than monthly (5/180, 2.8%; Table 3).
Patients were allowed to apply the iM Tracker app to more than
1 condition, which iswhy there are 212 listed in Table 2.

To assess overall patterns of self-management and use of media,
patients were asked about lifestyle and technology savviness.
About one-sixth (28/180, 15.6%) weighed themselves daily,
58/180 (32.2%) weighed themselves at least weekly, 42/180
(23.3%) weighed themselves monthly, and 52/180 (28.9%)
weighed themselves rarely or not at all. A total of 49/180
(27.2%) posted on social media multiple times a day, 54/180
(30.0%) posted daily, 49/180 (27.2%) posted weekly, 12/180
(6.7%) posted monthly, 14/180 (7.8%) posted rarely or never,
and 2/180 (1.1%) were not on social media; 64/178 (36.0%)
communicated with their primary physician regularly using
messaging/technology, 66/178 (37.1%) communicated rarely,
and 13/178 (7.3%) preferred not to communicate using
technology/messaging and only in person. Prior to the study,
74/180 patients (41.1%) said they were very likely to use an
mHealth app to self-manage CRMCs, 63/180 (35.0%) were
somewhat likely, and 6/180 (3.3%) said they were unlikely to
use an mHealth app to self-manage CRMCs. After using the
iMTracker app, al patients who said they were unlikely to use
an mHealth app changed their answers to neutral (2/6, 33%) or
somewhat likely (4/6, 67%).

Patients were asked about concerns for using an mHealth app
for self-management of CRMCs both before and after use of
the iMTracker. As shown in Table 4, patients were generally
more likely to have concerns about effectiveness after using the
app, and less likely to have concerns about privacy, data
safety/security, or time requirements, after use.

Of the 103 patients who completed the postuse survey, 73
(70.9%; Table 5) said they used the iMTracker app for the
planned 3-month period; among those who stopped beforehand,
2/16 (13%) used it for 2 months, 5/16 (31%) used it for 1 month,
and 9/16 (56%) used it for less than a month. Among those
completing the 3-month use period, only 3/103 (2.9%) failed
to enter data on over 50% of days, and 22/103 (21.4%) reported
missing less than 5% of days entering data. These patients
reported reviewing their data summary weekly or every few
weeks in 13/22 (59%) cases, and daily in 3/22 (14%) cases.
Finally, 27/103 (26.2%) patients said they were likely or very
likely to use the iMTracker app again to self-manage their
CRMCs, and 58/103 (56.3%) said they were unlikely to use it
without modifications. Therewasapotential signal for increased
levels of education being statistically associated with increased
3-month adoption rate (P=.04; Table 5), although the association
did not reach alevel of statistical significance after adjustment
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for multiple comparisons (Bonferroni P for significance and ease of use were most cited, followed by design/display
[a]=0.05/4=.0125). Among the subjective reasons for not limitations.
continuing to use the iMTracker app, issues with data sharing

Table 1. Demographics of iMTracker users.

Demographics Value, n (%)

Age (years; n=180)

Under 30 38(21.1)
31-45 80 (44.4)
46-55 32(17.8)
56-65 22(12.2)
66-75 8 (4.4)
Over 75 0(0)
Education (n=177)
Grade school only 1(0.6)
High-school diploma/general educational development 5(2.8)
Some college 50 (28.2)
College degree 66 (37.3)
Master's degree 48 (27.1)
Doctorate degree 7(3.9)
Race (n=180)
White 144 (80.0)
African American 14 (7.8)
Asian 9(5.0)
American Indian or Alaskan Native 5(2.8)
More than L/unknown 8(4.4)
Ethnicity (n=180)
Hispanic/Latino 17 (9.4)
Not Hispanic/Latino 161 (89.4)
Unknown 2(1.1)

Table 2. Groups of chronic recurrent medical conditions for which patients planned to use the iMTracker app (n=212).

Condition group Frequency, n (%)

Chronic pain 80 (37.7)

Headaches 36 (17.0)

Gastrointestinal symptoms 17 (8.0)

Depression 15(7.1)

Anxiety 12 (5.7)

Palpitations 7(3.3)

Hypertension 7(3.3)

Dizziness 5(2.4)

Other 33 (15.6)
https.//formative,jmir.org/2022/4/e34827 JMIR Form Res 2022 | vol. 6 | iss. 4 | €34827 | p. 5
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Table 3. Freguency of recurrence (n=180).

Mande et al

Recurrence rate

Frequency, n (%)

Multiple times/day
Daily

Weekly

Monthly

Every few months

Less than every few months

65 (36.1)
75 (41.7)
29 (16.1)
6(3.3)
3(L7)
2(L1)

Table 4. Changein concerns about mHealth apps for self-management of chronic recurrent medical conditions (n=103).

Concern More likely, n (%) Lesslikely, n (%) Significance (P value)
Effectiveness 28(27.2) 10(9.7) .001

Privacy 8(7.8) 11(10.7) <.001

Data safety/security 5(4.9) 18 (17.5) .001

Time demands 11 (20.7) 29(28.2) .005
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Table5. Poststudy survey.

Mande et al

Characteristics®

Completed follow-up, n/N (%) 3-month adoption, n/N (%)b

Age category (n=103/180)
Under 30
31-45
46-55
56-65
66-75
P value
Education (n=101/180)
Grade school only

High school diploma/general educational development
Some college
College degree
Master's degree
Doctorate degree
P value
Race (n=103/180)
Caucasian
African American
Asian
American Indian or Alaskan Native
More than 1/unknown
P value
Ethnicity (n=103/180)
Hispanic/Latino
Not Hispanic/Latino
Unknown

P vaue

19/38 (50) 13/19 (68)
46/80 (58) 29/46 (63)
20/32 (63) 15/20 (75)
13/22 (59) 11/13 (85)
5/8 (63) 5/7(71)
.87 37

0/4 (0) N/A c

1/5 (20) 1/1 (100)
22/50 (44) 17/22 (77)
39/66 (59) 28/39 (72)
34/48 (71) 22/34 (65)
5/7 (71) 3/5 (60)
.04 .83
84/144 (58) 60/84 (71)
9/14 (64) 8/9 (89)
29 (22) 2/2 (100)
3/5 (60) 3/3 (100)
5/8 (63) 3/5 (60)
.37 .05
N=103

10/17 (59) 7/10 (70)
92/161 (57) 65/92 (71)
1/2 (50) 1/1 (100)
>.99 >.99

8N=103 for age category, race, and ethnicity, and 101 for education.
bN=73 for age category and ethnicity, 71 for education, and 76 for race.
°N/A: not applicable.

Discussion

Principal Findings

In thisinternet-based, pilot study of predominantly young and
middle-age, educated, White patients, using a semiautomated,
edge-based, mHealth app that uses individualized data for
tailored management of CRMCs, we made severa key
observations with regard to both the internet-based recruitment
approach to the study of mHealth apps, as well as the specific
usage rates and patterns of use by participants. First, we found
that while an internet-based recruitment approach was superior
to “grass-roots’ local methods of recruiting participants on our
campus using fliers and word-of-mouth, the 3-month follow-up
rates were only slightly above 50% (103/180), indicating that
future studies using thistype of methodol ogy targeted to achieve

https://formative.jmir.org/2022/4/e34827
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a prespecified degree of statistical power will need to account
for a high number of dropouts. Second, we found that among
those with complete follow-up, the 3-month adoption rate of
the iMTracker app was about 70.9% (73/103), with the most
common CRMCs that users chose to self-apply the app being
chronic pain, headaches, and mental health conditions. This
information not only provides conditions and clinical settings
in which to target future clinical trias, but also indicates that
there may be aneed for better tools to manage these conditions
beyond what is presently available in clinical practice.
Importantly, we found that on completion of this study, more
patients had increased perceptions of the safety, privacy, and
time demands with the use of an mHealth app for
self-management of CRMCs. Finally, we found that the main
barrier to use, based on both subjective and quantitative
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feedback, was related to the design and workflow of iM Tracker
itself, which was reflected in the decrease in perception of
efficacy noted on completion, and has important implications
for future development and testing of this app as well as other
mHealth technologies. In other words, this finding indicates
that patients are likely to be receptive to the semiautomated
N-of-1 trial methodology employed by the iM Tracker app, but
that greater attention to design and function is needed before
moving forward with clinical testing targeted toward
improvement in outcomes.

mHealth apps have increased significantly in frequency over
the years, with iOS apps including health and fitness groups
increasing from 43,000 in 2013 to 98,000 in 2015 [32].
Unfortunately, these tools do not consistently employ best
practices for self-management [33], and many of these
approaches havefailed to reach any meaningful level of adoption
across the medical community [32,34], likely due to alack of
formal clinical testing. Our finding that there was an increased
concern among patients about the effectiveness of iMTracker
is consistent with prior studies of mHealth app for
self-management of CRMCs. In apreviousinvestigation, it was
found that only 3.4% of apps on the iTunes and Google Play
stores promoted for management of depression and anxiety had
research to judtify their claims of effectiveness, with only 30.4%
having expert input in development [35]. A study by Devan et
al [36] of 19 apps available commercially for self-management
of pain found that only 2 had been validated to improve health
outcomes. A similar lack of scientific support for commercially
available mental health-targeted [37-39] and pain [25,40] apps
has been reported by other investigators. Although we did not
inquire about prior use of mHealth apps for self-management,
one can infer that most participantsin this study had tried prior
apps without success. Clinical validation of any mHealth app
should be required before integration into the clinical care
process, and our study further suggests that while users are
optimistic that self-management using an app is possible,
follow-up clinical studieswill be needed.

Among the characteristics of the specific CRMCsthat patients
identified for use of an mHealth app, recurrent pain, headaches,
and mental health were highly represented. While these
diagnoses were self-identified by users, and not validated with
clinicians or clinical data (ie, chart review), it does help to
identify potential clinicsand providersfor testing mHealth apps,
aswould be needed before an app such asthe iM Tracker could
be incorporated into routine clinical care. In addition, the
majority of patients noted a high frequency of recurrence of
their condition, which is key in determining the number of
patients needed for a prospective study to demonstrate efficacy,
as a condition that occurred less frequently, for example, once
or twice a year, would require an extended amount of time to
identify correlation of episodes with other lifestyle and
behaviors, or assess the impact of an intervention.

Although our study did not specifically examine clinical efficacy
of the iMTracker app in terms of a reduction in the primary
CRMC, we did note that there was enthusiasm about future
uses, particularly if barriersrelated to design and function could
be addressed. This finding is in line with prior work, such as
that by Neuhauser et al [41,42], who noted that participatory

https://formative.jmir.org/2022/4/e34827
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methods linked with traditional health communication theory
and methods can create effective health communication using
artificial intelligence, highlighting the role of design science
theory in the development and refinement of mHealth apps.
Suchinsights highlight the challenge that is unique to mHealth,
and other health IT apps, in which consideration of user-based
preferences and desires must be merged with information and
guidance grounded in biology and evidence-based medicine
principles. In terms of design life cycles, this requires an
integrated design approach with features of both top-down (ie,
waterfall) strategies and bottom-up, user-driven design (eg,
agile) strategies. Our team has already begun effortsto improve
the design and function of theiM Tracker app, and future studies
will examine the improvement in these changes to make the
app morein line with the level of commercial design that many
patients have come to expect from all mobile apps, in addition
to mHealth.

Despite resultsto suggest a high degree of potential for clinical
application of the iMTracker app, there were severa key
limitationsin our study. First, we generally had alimited amount
of follow-up of patients, with roughly half of the patients who
enrolled being lost to follow-up. We suspect that thislimitation
highlighted the challenges of using the internet for recruitment,
and the trade-off between use of network-based recruitment
methods (ie, online) and in-person clinic recruitment. As an
extreme example of the potential of theformer, the Apple Watch
study recruited over 400,000 participants in an 8-month period
using online methods, athough only 450 actually returned the
confirmatory patchesin follow-up [43]. As such, future studies
of mHealth technology should consider that the potential benefit
intermsof recruitment numbers using internet-based recruitment
may accompany arelatively high degree of dropouts. A second
limitation was that the population we studied were primarily
White, educated, and young/middle age adults; these were
individuals who engage regularly with providers using
technology, post to social media, and perform self-management
with regular weight checks. Missing from our population are
older patients, those with less education, and those from
underrepresented populations—the type of populations that
have also been shown to have less close clinical follow-up for
their conditions [44-46], and who might stand to benefit the
most from an app that allows self-management. This population
biasis critical in considerations of further app development as
the design and functionality changesthat would typically guide
app development would be needed for successful integration
with clinical care. Further work is needed on methodsto include
less represented populations in mHealth studies. Among the
issues with biased recruitment was the omission of sex from
the baseline variables we collected. Qualitatively (based on the
first names of the participants), we suspect recruitment was not
heavily imbalanced toward 1 specific sex, athough formal
assessment would have been beneficial in terms of statistical
analysis. In future studies, we plan to examine sex along with
other user characteristics in terms of both usage patterns and
study participation. Finaly, a key limitation of the study was
theinability to confirm diagnoses or response to therapy among
users of iM Tracker. While we have ongoing studiesto examine
the app prospectively toward clinical outcomes, the findings
from this investigation provided important information about
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which specific conditions, and which types of clinics, to target
for recruitment. Thisfinding was critical astheiMTracker was
originaly developed toward treatment of recurrent cardiac
symptoms (ie, palpitations), and yet we identified other
conditions that included chronic pain, headaches, and mental
health as being more heavily favored by patients in this
investigation.

In future studies we plan to examine the impact of specific
design and function improvements on iM Tracker, including an
examination of the use of industry-standard Agile devel opment
life cyclesto makeiterative improvementsto the user interface
within the Scrum methodology [47]. Our team has aready
employed a newer user interface and data entry design based
on emgajis, although additional work isneeded to ensureall users
of all levels of education and medical literacy can use the app
comfortably. Following this step, we plan to target clinical trials
of iMTracker to primary care, neurology, and psychiatry clinics
to assess the impact of N-of-1 management on recurrence of
chronic pain, headaches, and mental health conditions. Finally,
our team has continued work on integration of more
sophisticated data management approaches using federated and

Mande et al

distributive learning, as well as Bayesian-based analytical
frameworks, and we plan to examine the improvement in
accuracy with these innovations. Ultimately, much work is
needed beforetheiM Tracker app can be used routinely in clinics
to manage CRMCs, athough feedback from this study has
helped target efforts toward high-yield conditions and
modifications to improve the chances of success.

Conclusions

In conclusion, inthisfeasibility pilot study using internet-based
recruitment, we found that the primary barrier to investigation
was study follow-up, but that among those who were not lost
to follow-up, there was generally good adherence to use of the
iMTracker app. We identified design and function barriers as
being of foremost concern among users, but also noted that the
frequency of recurrence of the selected CRM Cs should provide
ample opportunity to identify aclinical benefit for future studies.
We also identified population biasin the patients enrolled using
internet-based recruitment alone, and note that additional efforts
will be needed to ensure that future studies enroll sufficient
numbers of underrepresented populations, specifically older,
non-White, and less education populations.
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