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Abstract

Background: In 2017, mobile app support for managing diabetes was available to 64% of the global population of adults with
diabetes. One Drop’sdigital therapeutics solution includes an evidence-based mobile app with global reach, a Bluetooth-connected
glucometer, and in-app coaching from Certified Diabetes Educators. Among people with type 1 diabetes and an estimated
hemoglobin A, level=7.5%, using One Drop for 3 months has been associated with an improved estimated hemoglobin A ;.. level

of 22.2 mg/dL (—0.80%). However, the added value of integrated activity trackers is unknown.

Objective:  We conducted a pragmatic, remotely administered randomized controlled trial to evaluate One Drop with a
new-to-market activity tracker against One Drop only on the 3-month hemoglobin A, level of adults with type 1 diabetes.

Methods: Social media advertisements and online newsl etters were used to recruit adults (=18 years old) diagnosed (=1 year)
with T1D, naive to One Drop’s full solution and the activity tracker, with a laboratory hemoglobin A, level>7%. Participants

(N=99) were randomized to receive One Drop and the activity tracker or One Drop only at the start of the study. The One Drop
only group received the activity tracker at the end of the study. Multiple imputation, performed separately by group, was used to
correct for missing data. Analysis of covariance models, controlling for baseline hemoglobin A, were used to evaluate 3-month

hemoglobin A4, differencesin intent-to-treat (ITT) and per protocol (PP) analyses.
Results: The enrolled sample (N=95) had a mean age of 41 (SD 11) years, was 73% female, 88% White, diagnosed for a mean
of 20 (SD 11) years, and had amean hemoglobin A, level of 8.4% (SD 1.2%); 11% of the participants did not complete follow

up. Analysis of covariance assumptions were met for the ITT and PP models. In ITT analysis, participants in the One Drop and
activity tracker condition had a significantly lower 3-month hemoglobin A level (mean 7.9%, SD 0.60%, 95% Cl 7.8-8.2) than

that of the participants in the One Drop only condition (mean 8.4%, SD 0.62%, 95% Cl 8.2-8.5). In PP analysis, participantsin
the One Drop and activity tracker condition also had asignificantly lower 3-month hemoglobin A, level (mean 7.9%, SD 0.59%,

95% CI 7.7-8.1) than that of participantsin the One Drop only condition (mean 8.2%, SD 0.58%, 95% CI 8.0-8.4).

Conclusions: Participants exposed to One Drop and the activity tracker for the 3-month study period had a significantly lower
3-month hemoglobin A level compared to that of participants exposed to One Drop only during the same timeframe. One Drop

and atracker may work better together than alone in helping people with type 1 diabetes.
Trial Registration: Clinical Trials.gov NCT03459573; https://clinicaltrials.gov/ct2/show/NCT03459573.
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Introduction

Diabetesis common, costly, and can have serious consegquences.
An estimated 30 million people in the United States are living
with diabetes, 1.3 million of whom have type 1 diabetes (T1D)
[1] indicated by the pancreas producing little or no insulin.
Approximately US $327 billion is spent annually to treat
diabetes, complications from diabetes, and employees’ losses
in productivity [2]. Moreover, at least 11% of annual US deaths
can be attributed to a diabetes complication [3]. A hemoglobin
A, level of <7% reduces the risk of developing diabetes
complications [4,5], but can be hard to achieve for a variety of
reasons [6]. People with T1D achieve “at goal” blood glucose
with acombination of insulin therapy, carbohydrate monitoring,
blood glucose monitoring, and physical activity [7,8]. Frequent,
painful insulin injections and finger pricks have historically
made it difficult to administer insulin and check blood glucose
as recommended [9]. However, digital advances in the last 20
years have made administering insulin (ie, viainsulin pumps)
and monitoring blood glucose (ie, via continuous glucose
monitors) much easier [10,11]. Other consumer technologies
such as health apps, digital therapies, and wearable activity
trackers can aid in the management of T1D, making it easier
and more convenient to perform and monitor self-care activities
[12].

Consumer apps and activity trackers can help people with T1D
meet their glycemic targets [13-16]. Among adolescents with
T1D, using an activity tracker has been associated with being
more physically active and having an improved average time
in-range blood glucose level after a3-month period [13]. Among
children with T1D wearing activity trackers with health care
providersremotely monitoring their tracker data (and other data)
[14], qudity of life and hemoglobin A, improved after 3 months
[14]. However, 3-month hemoglobin A, benefitsamong adults
with T1D using trackers independent of remote monitoring is
unknown.

Adultswith T1D can use the One Drop mobile smartphone app
with or without activity trackers (eg, Apple Watch [17,18]) [16].
One Drop's app reads and displays activity data from trackers
and other devicesand israted among the top three diabetes apps
in the world [19]. The One Drop Chrome Bluetooth-connected
meter syncs and displays blood glucose readings in the app.
One Drop’s Certified Diabetes Educators (CDE *“coaches’)
remotely monitor user data and offer in-app education,
strategies, and support. In observational studies, people with
T1D or type 2 diabetes using One Drop’s app on Apple Watch
averaged a—1.2% to —1.3% absol ute estimated hemoglobin A4

improvement [17,18].

Studies consistently associate using One Drop’s solution with
improved estimated hemoglobin A, but none of these studies
used a randomized controlled trial design or included people
with T1D using an activity tracker or smartwatch. Therefore,
we conducted a prospective randomized controlled trial with
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adults with T1D to evaluate the 3-month effect of using One
Drop and a new-to-market activity tracker on hemoglobin A .

Methods

Study Design

Solutions IRB, a private Institutional Review Board (IRB)
registered with HHS #RB00008523 and accredited by the
Association of Human Research Protection Programs, approved
all study procedures prior to recruiting participants. The study
design was a pragmatic, parallel group, randomized controlled
trial. Study personnel used a block randomization scheme of
100 groups of two randomization blocks to randomize
participants to one of two conditions: (1) One Drop’s digital
therapeutics solution (ie, the mobile app, in-app coaching,
Bluetooth-connected meter with a 3-month supply of test strips)
and an activity tracker at the start of the intervention period or
(2) One Drop at the start of the intervention period and an
activity tracker after completing 3-month follow-up measures.
Participants and study personnel were unblinded to the condition
assignment. Study personnel did not tell participants which
condition was the intervention of interest and which one was
the comparator, but participants may have inferred thison their
own. Study instructions, consent, Health Insurance Portability
and Accountability Act (HIPAA) authorization forms, and
self-reported surveys were self-administered online using
HIPAA-compliant surveysand forms. Participantsused amail-in
hemoglobin A, test to self-collect and supply two blood
specimens. Study personnel provided virtually disseminated
instruction and support (via phone and email) to remotely
eligible participants in their respective study conditions. Only
participants accessing all intervention components were
considered to be enrolled in the trial.

Recruitment

Facebook advertisements and One Drop’'s email list of
noncustomers (ie, people never having used a One Drop meter,
testing supplies, or coach) remotely recruited potential
participants from March through May of 2018. Online
advertisements and email messages briefly described study
eligibility (eg, diagnosis of T1D), study scope (eg, 3-month
duration), and asked people interested in the study to click a
link to obtain in-depth information about the study and complete
an online, HIPAA-compliant survey to self-screen for initial
eligibility.

Eligibility

Initially eligibleindividuals met screening survey criteria. They
self-reported an age of 18-75 years, had a valid US mailing
address, a diagnosis of T1D for >1 year, were not currently
participating in adiabetes education or coaching program, were
not pregnant or planning to become pregnant, were using an
Android or iOS smartphone, and had never used the activity
tracker or One Drop (no app activity, 7-day trial, testing supply
subscription, or coaching). An application programming
interface (ie, asoftware intermediary for transferring datafrom
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one application [One Drop's database] to another [an Excel
Spreadsheet]) automatically and objectively checked whether
respondents had previously used any aspect of One Drop. Any
participant not meeting initial eligibility criteria was notified
of thison the screening survey’sfinal landing page and thanked
for their interest in the study.

People who self-screened as eligible followed a different path.
They landed on an electronic IRB-approved consent form and
HIPAA authorization form, requiring review and signature. All
respondents were invited to contact study personnel to receive
a verbal explanation of the forms or have any study-related
guestions answered. Once respondents electronically signed
both forms, they landed on an online, HIPAA-compliant baseline
survey. Upon completing the baseline survey, DT Laboratories,
Inc. shipped an AccuBase hemoglobin A, test kit to each
respondent’s mailing address. Study personnel provided written,
illustrated, and video hemoglobin A, test kit instructions and
offered over-the-phone help in collecting a blood sample. The
participants returned blood samplesto thelab in apreaddressed
and prestamped box. The lab processed each sample and
uploaded results into a HIPAA-compliant online portal. Study
personal reviewed each result to determine hemoglobin A,
eligibility.

Participants with a hemoglobin A level=7% were considered
eligiblefor the study, randomized to one of the two conditions,
and notified of their hemoglobin A, test result and condition
assignment. Peopledeemed ineligible (ie, hemoglobin A ,.<7%)
were also notified of their hemoglobin A, test result, told they
did not meet the hemoglobin A criterion for participation, and
were thanked for their interest in the study.

Data Collection and Procedures

Baseline Data Collection

The baseline survey collected demographic and diabetes
information and responses to other self-report measures. The
hemoglobin A4 test determining study eligibility also served
as the participants’ measure of baseline hemoglobin A .

Randomization

We used an online randomizer to block-randomize 100 groups
of two randomization blocksto randomize participantsto receive
One Drop’sdigital therapeutics solution and an activity tracker
at the start of the intervention period or One Drop at the start
of the intervention period and an activity tracker after
completing follow-up measures.

OneDrop

Thedigital therapeutics solution includes the accurate Food and
Drug Administration (FDA)-approved One Drop Chrome
Bluetooth-connected glucometer [20] and testing supplies, One
Drop mobile smartphone and smartwatch app, and One Drop
coaching programs. One Drop coaches are rea-life CDEs
providing thefirst digitally delivered diabetes education program
accredited by the American Diabetes Association. Users of One
Drop'sdigital therapeutics solution have 24/7 in-app access to
their personal CDE coach who answers questions, offers tips
and advice, and provides practical and emotional support and
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accountability for daily self-care. One Drop'’s evidenced-based
app [21] isavailable oniOS, Android, watchOS, and Amazon's
Alexa and has been downloaded in every country in the world.
Features include reminders to perform and track self-care, a
“Community” section to bolster normative support, and
education and skills training via the dynamic “Newsfeed”
section along with the coaching chat section and programming
content. Data reports can be viewed in the app, printed, and
emailed.

As is the case with al apps, occasional minor bug fixes are
typical; however, none of these resulted in major system failures
or downtimes during the study period.

Activity Tracker

The wrist-worn device tracks activity and swimming, monitors
heart rate, includes a built-in GPS, real-time statistics (eg, pace
and distance), phone-free music to exercise with, and
personalized workouts. With each workout, the softwarelearns
about a wuser's fithess level, makes personalized
recommendations, and gives dynamic feedback. Third-party
app developers such as One Drop can make device-compatible
apps. One Drop’s app on the device is an at-a-glance display of
the last minutes of activity, grams of carbohydrates last
consumed, last blood glucose reading, and last medications
taken.

Once randomized to a condition, eligible participants received
an email message containing their condition assignment, aseries
of ingtructions, and a unique verification code. The email
message instructed participants to first download the One Drop
mobile app on iOS or Android with embedded links to both
formats for direct access. Next, participants were instructed to
open the One Drop app, create an account, and enter their unique
coaching verification code (from the email). Finally, participants
were given alink to One Drop’s online store and instructed to
trigger a no-cost shipment of the activity tracker, One Drop
meter, and testing suppliesfor the 3-month study period. When
needed, study personnel assisted participants with completing
these steps via a phone call or email exchange.

Attempts were made to keep study personnel blinded to
condition. Randomization and condition assignment occurred
separately with different researchers. A single researcher
responded to participants technical and research-related
questions. All study procedureswere digitally accessible. Most
procedures were automated and self-administered, maintaining
limited researcher touch and balance between groups.
Furthermore, researchers and participants were separated the
vast mgjority of thetime.

One Drop and Activity Tracker at Study Start

Participants assigned to the One Drop and activity tracker
condition were exposed to One Drop’s comprehensive digital
therapeutics solution and an integrated activity tracker at the
start of the study. First, participants were mailed the activity
tracker, One Drop meter, and testing supplies. Participants were
also emailed “how-to” videos, written instructions, and offered
study personnel support for setting up their devicesand adjusting
their smartphone settings to view activity datain the One Drop
app. How-to videosincluded how to set up their activity tracker
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on a smartphone or computer, automatically record exercises,
sync data with other health apps, personalize notifications, and
perform other customizations. Written instructionswere supplied
on how to directly integrate the tracker with One Drop to view
tracker activity data (minutes and steps) in the One Drop app
and view One Drop data on the tracker's clockface. Study
personnel were also available 24/7 to answer participants
technical questions via email, text message, and phone calls.

Upon receipt of the activity tracker and One Drop’s meter/strips,
participants were instructed to connect with their coach (a
real-life CDE) in the One Drop app, download the
tracker-compatible One Drop app, and link their One Drop and
activity tracker accounts. Finally, participants were instructed
to use One Drop’s app on their smartphone and activity tracker,
One Drop's meter/strips, and in-app coaching “as needed” for
the 3-month study period. Participants could initiate two-way
communication with their coach about awide range of diabetes
self-care topics. For physical activity, topics may include, but
arenot limited to, those related to a participant’ stracked activity
(visible on the coach’s dashboard), reasonable goal setting
around minutes of activity or steps walked per day/week, or
how to manage blood glucose levels before and after a bout of
exercise.

One Drop and Activity Tracker at Study End

Participants assigned to the One Drop only condition were
mailed the One Drop meter and testing supplies. The activity
tracker was shipped after completing the follow-up survey and
hemoglobin A test. Participants connected with their One Drop
coach viathe One Drop app, and wereinstructed to use the app,
meter, and in-app coach “as needed” for the 3-month study
period.

Follow-Up Data Collection

After 3 months, participants in both conditions received an
initial email and then a series of reminder emails instructing
them to complete an online, HIPAA-compliant follow-up survey
hyperlinked in the email. After participants completed this
survey, DTI Laboratories, Inc. mailed ahemoglobin A, test kit
to assess participants' 3-month hemoglobin A ;.. Again, study
personnel sent instructionsin various formats along with study
contact information to aid with collecting a blood sample.
Participants returned blood samples in a preaddressed and
prestamped box. The lab processed each sample and uploaded
results into the HIPAA-compliant online portal .

Study persona reviewed follow-up hemoglobin A, results,
shared results with each participant, thanked them for their
participation, and sent adiscount code for amonthly and annual
One Drop subscription. After participantsin the One Drop only
condition completed the follow-up survey and hemoglobin A
test, study personnel shipped their activity tracker to their
mailing address. There were no methodol ogical changesduring
the study period.

Compensation

Participant compensation included 3 free months of One Drop
testing supplies and in-app coaching, and a free One Drop
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Chrome Bluetooth-connected meter and activity tracker to keep
beyond the study period.

M easures

Demographic Characteristics

The baseline survey collected self-reported age, gender,
race/ethnicity, education, annual income, and health insurance
status.

Health Status

Health status information included self-reported number of
years since a diabetes diagnosis and BMI.

Digital Health History

At baseline, participants self-reported whether or not they had
ever used a blood glucose monitoring device (finger stick,
continuous glucose monitor, flash monitor), a diabetes app, the
new-to-market wearabl e tracker being used in the study, or any
other wearabletracker to managetheir health. Response options
were “yes’ or “no.”

Digital Usability

At follow up, participants self-reported on a 7-point Likert scale
ranging from “extremely hard” to “extremely easy” how hard
to easy it wasto use One Drop’s meter, diabetes app, and in-app
coaching. Participants in the One drop and activity tracker
condition also self-reported how “ extremely hard” to “extremely

easy” it was to use the new-to-market activity tracker included
in the study.

Digital Engagement and Attrition

At follow up, participants self-reported on a 7-point Likert scale
ranging from “never” to “always’ how often they used One
Drop’s meter, diabetes app, and in-app coaching when needing
to check blood glucose, manage diabetes, or get help with
diabetes, respectively. We then verified self-reported One Drop
engagement with objectively collected data through the One
Drop app. Participants in the One Drop and activity tracker
condition aso self-reported how often they used the
new-to-market activity tracker during the 3-month study period.

Hypoglycemic Events

Hypoglycemia (ie, an extremely low blood glucose level
requiring assistance) isarate-limiting factor in the management
of T1D and optimization of blood glucose. We accounted for
the occurrence of hypoglycemia during the study period by
asking all participantsasingle question in the 3-month follow-up
survey: “In the past 3 months, how many times have you had
alow blood sugar requiring help?’ Responses were based on
counts.

Glycated Hemoglobin A,

Hemoglobin A;. was measured twice. Self-administered
AccuBase A;. Mail-In Test Kits (DTl Laboratories, Inc.,
Thomasville, GA, USA) were used to assess basdline and
3-month hemoglobin A, levels. This test is FDA-approved,
certified by the National Glycohemoglobin Standardization
Program, Clinical Laboratory Improvement
Amendments-waived, and a highly accurate assessment of
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hemoglobin A used in randomized and nonrandomized trials
[22,23]. It isanonfasting, finger stick, whole blood mail-in test.
Upon supplying a blood sample, specimens are processed at a
central lab.

Statistical Analyses

Statistical analyses followed the Consolidated Standards of
Reporting Trials (CONSORT) guidelinesfor randomized trials.
Data were analyzed using SPSS version 24. Sample data at
baseline overall and separately by group are described as means
(SD) or counts (n, %) as appropriate. We followed CONSORT
guidelinesfor testing and treatment of baseline group differences
[24].

Counts characterized any engagement with One Drop during
the study period, and for completing the study overall and by
condition assignment. Two Chi-square testswere used to assess
One Drop engagement and to assess study completion
differences between groups.

Descriptive statistics were also used to characterize baseline
digita hedth history, follow-up digita usability and
engagement, study attrition, and the number of hypoglycemic
events experienced during the study period overall and by study
condition. Chi-square tests and Mann Whitney U tests were
used to assess these particular baseline and follow-up group
differences.

Multiple imputation was used to correct for missing data [25]
onincome (n=4) and follow-up hemoglobin A, (n=10). In both
groups, variables used to impute included nonmissing age,
gender race/ethnicity, education, insurance status, diabetes
duration, baseline BMI and hemoglobin A4, and available data
on income. Data were imputed separately by study condition.
Imputed datawere constrained by condition-specific minimum
and maximum val ues. There were 20 imputations per condition.
Datawere merged prior to conducting intent-to-treat (ITT) and
per protocol (PP) analyses.

Analysis of covariance (ANCOVA) models [26] were used to
test the group effect on follow-up hemoglobin A, controlling
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for baseline hemoglobin A ;.. For noncrossover, parallel group
randomized controlled triadls, CONSORT guidedlinesrecommend
reporting resultsfrom ITT and PP analyses[27,28]. ITT analysis
preserves baseline condition assignment and avoids
overestimating group effects[29]. In contrast, PP analysis may
exaggerate group effects by including only participantsreceiving
the allocated intervention and completing the study asintended
[30,31]. In pragmatic trials, the appropriate reporting of both
results can aid with scientific and clinical interpretation [32].
We examined ANCOVA assumptions before conducting
ANCOVA models testing 3-month hemoglobin A,. group

differences.

Results

Participants

Recruitment and enrollment occurred from March through May
of 2018, and the last follow up was in August 2018. As shown
in the CONSORT diagram (see Figure 1), 491 people
self-screened for initial eligibility; 129 screened as initialy
dligible, completed theinformed consent, HIPAA authorization,
and the baseline survey, and were shipped a hemoglobin A,
test kit. A total of 112 people returned the kit with a blood
sample; 99 people satisfied the eligibility criterion of
hemoglobin A, >7% and were randomized to the One Drop and
activity tracker condition or One Drop only condition, 97 of
whom received theintervention, defined as creating a One Drop
account and enrolling in One Drop coaching during the study
period. Study participation resulted in no reported harm,
unintended effects, or adverse events. There were also no
privacy breaches, severe technical problems, or
unexpected/unintended incidents during the study.

Quality assurance efforts identified two participants ineligible
for the study (ie, one participant in each condition had used One
Drop before) who were excluded from all analyses, resulting
in 95 participants for ITT analysis and 77 participants for PP
analysis. Participants in the PP analysis used One Drop (app,
meter, and/or coaching) at least once during the study period
and provided afollow-up hemoglobin A4, blood specimen.
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Figure 1. Study flow diagram. OD: One Drop; A1c: hemoglobin A 4.

Osborn et al

Enrollment

(n=491)

Assessed for Eligibility

Excluded (n=392)

Not meeting inclusion criteria (n=321)

Randomized (n=99)

Declined to participate (n=3)
Other (n=68)

Allocation

Allocated to OD + Fithit (n=49)

Received intervention (n=47)
o [id not receive intervention (n=2)
o Did not complete enrollment (n=2)

L]

o Did not complete enrollment (n=0)

Allocated to OD Only (n=50)

Received intervention (n=50)
Did not receive intervention (n=0)

Follow-up

o Lost to follow-up (n=6)
(did not return follow-up Alc)
¢ Discontinued intervention (n=0)

Lost to follow-up (n=3)
(did not complete follow-up Alc)
Discontinued intervention (n=1)

Analysis

41 Ale results

o Intent-to-Treat: Analyzed (n=46)
Excluded from analysis (n=1)
e Per Protocol: Analyzed (n=36)

46 Alc results

Intent-to-Treat: Analyzed (n=49)
Excluded from analysis (n=1)
Per Protocol: Analyzed (n=41)

Digital Health History

All eligible participants self-reported current smartphone
utilization. At baseline, al enrolled participants self-reported
having previously used a blood glucose monitoring device (eg,
finger stick, continuous glucose monitor, flash device), but also
reported that they had never used adiabetes app to managetheir
health or the new-to-market tracker used in the study. However,
61% (58/95) had used some type of wearable device to manage
their health prior to the study. Prior experience with awearable

health device did not differ between groups (x%,=0.77, P=.38).

Among participantsthat reported on the ease of use or usability
of One Drop at follow up, 98% (88/90) reported One Drop’s
meter was easy to use, 83% (75/90) reported the app was easy
to use, and 75% (67/89) reported in-app coaching was easy to
use. The usahility of One Drop was comparabl e between groups
(P=.49 for the meter, P=.48 for the app, and P=.40 for in-app
coaching). For participantsin the One Drop and activity tracker
condition, 95% (40/42) reported the activity tracker was easy
to use.

Digital Engagement and Attrition

Among participants that reported on their utilization of One
Drop at follow up, 98% (88/90) reported using One Drop’s
meter, 80% (72/90) reported using the app, and 38% (34/89)
reported using in-app coaching half thetime or more during the
trial to check blood glucose, manage diabetes, or get help with
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diabetes, respectively. Self-reported use of One Drop during
the trial was comparable between groups (P=.99 for the meter,
P=.66 for the app, and P=.11 for in-app coaching).

According to objectively collected One Drop user data, 92%
(87/95) of all participants used two or more parts of OneDrop’s
3-part solution during the study. No participant used only one
part. One Drop utilization was comparable between groups

(x%,=0.45, P=.80).

Among participants in the One Drop and activity tracker
condition, 100% (42/42) reported using the tracker half thetime
or more during the study, 90% (38/42) of whom used it always
or amost aways during that time.

Additionally, 88% (84/95) of al participants completed the
study. Study completion did not differ by condition assignment

(x%,=0.04, P=.83).

Hypoglycemic Events

The Mann-Whitney U test suggested a trending difference in
the number of hypoglycemic events experienced during the
study period between the One Drop and activity tracker group
(n=42) and the One Drop only group (n=47). The One Drop
and activity tracker group (1.64, SD 3.05) tended to report fewer
hypoglycemic events during the study period compared to the
One Drop only group (2.98, SD 4.92) (P=.08).
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ITT Analysis

Descriptive statistics were used to summarize the sample
characteristics in the ITT analysis (N=95). The sample was
about 40 years old on average, and the mgjority were female,
Caucasian/White race, had at least some college education, an
annual household income =US $50,000, and were overweight
or obese. The sample had received a T1D diagnosis about 20
years ago on average with an average baseline hemoglobin A,

of 8.41% (Table 1).

Twenty pooled ANCOVA models were used to test statistical
assumptions on 20 sets of imputed data (N=95; One Drop and
activity tracker n=46, One Drop only n=49). Both the

http://mhealth.jmir.org/2020/9/e16745/

Osborn et al

homogeneity of regression slopes (Fpogieqi=1-06, Ppooied<-42)
and homogeneity of variance (Fpogieai=2-93, Ppooled<-11)
assumptions were met. Twenty pooled ANCOVA models
without theinteraction term on 20 sets of imputed datareveal ed
a significant main effect for baseline hemoglobin A,
(Fooolet=227.99, P<.001) and a significant main effect for
condition assignment (Fpue91=10.28, P<.001, np?=.10, observed
power=0.87). Follow-up hemoglobin A, varied by group. After
the 3-month study period, participants in the One Drop and
activity tracker condition had a significantly lower hemoglobin
Ay level (mean 7.9%, SD 0.60%, 95% Cl 7.8-8.2) than
participants in the One Drop only condition (mean 8.4%, SD
0.62%, 95% CI 8.2-8.5).
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Table 1. Characteristics of intent-to-treat participants overal and by group.

Osborn et al

Characteristic

All Participants (N=95)

One Drop + tracker (n=46)  One Drop only (n=49)

Demographic characteristics
Age (years), mean (SD)
Gender, n (%)
Female
Male
Race/ethnicity, n (%)
Caucasian/White
Hispanic/Latino
African American/Black
Asian
American Indian/Alaskan Native
Native Hawaiian/Peacific |slander
Education years, mean (SD)
Education level, n (%)

Below high school

High school graduate/ GED?
Some college

College graduate

Graduate school

Annual income(USD)b, n (%)
<25,000
25,000-50,000
50,000-100,000
>100,000

Health status

Health insurance, n (%)
Yes
No

Diabetes duration (years), mean (SD)

BMI, mean (SD)

BMI category, n (%)
Underweight, BM1<18.5
Normal weight, BMI 18.5-24.9
Overweight, BMI 25-29.9
Obese |, BMI 30-34.9
Obese 11, BMI 35-39.9
Morbidly obese, BMI=40

Hemoglobin A4 (%), mean (SD)

40.9 (10.7)

69 (73)
26 (27)

84 (88)
5(5)
3(3)
0(0)
2(2)
1(1)
14.6 (2.2)

44

18 (19)
33 (35)
15 (16)
25 (26)

12 (13)
26 (27)
35(37)
18 (19)

89 (94)
6 (6)
20.3 (11.5)
30.1(6.6)

1)

18 (19)
32 (34)
26 (27)
9(10)
9 (10)
8.4(1.2)

41.1(9.7)

34 (74)
12 (26)

43 (94)
12
1(2)
0(0)
0(0)
1(2)
14.4(2.2)

2(4
11 (24)
18 (39)
4(9
11 (24)

7 (15)
13 (28)
21 (46)
5(11)

45 (98)
1(2)
21.6 (12.1)
306 (7.7)

12

10 (22)
12 (26)
12 (26)
5(11)
6 (13)
8.5(1.9)

40.7 (11.6)

35 (71)
14 (29)

41 (84)
4(8)
2(4)
0(0)
2(4)
0(0)
149 (2.2)

2(4
7(14)
15 (31)
11(22)
14(29)

5(11)
13 (29)
14 (31)
13 (29)

44 (90)
5 (10)
19.1 (10.9)
29.6 (5.4)

0(0)
8 (168)
20 (41)
14(29)
4(8)
3(6)
8.3(1.9)

3GED: Genera Educational Development test.

bN=91.
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PP Analysis

A single ANCOVA model was run on the complete data of
participants who used One Drop during the study period and
provided a 3-month hemoglobin A;. blood specimen (N=77;
One Drop and activity tracker n=36, One Drop only n=41).
Once again, the ANCOVA assumptions of homogeneity of
regression slopes (F;=153.3, P<.001) and homogeneity of
variance (F;=5.36, P<.02) were met.

An ANCOVA model without the interaction term revealed a
significant main effect for baseline hemoglobin A, (F;=153.3,
P<.001) and a significant main effect for condition assignment
(F1=5.36, P<.02, np?=.07, observed power=0.63). Follow-up
hemoglobin A, varied by group. Participants who followed
protocol during the 3-month study period had a significantly
lower hemoglobin A, level if they were in the One Drop and
activity tracker condition (mean 7.9%, SD 0.59%, 95% ClI
7.7-8.1) thanif they werein the One Drop only condition (mean
8.2%, SD 0.58%, 95% CI 8.0-8.4).

Discussion

Principal Findings

Thisisthefirst randomized controlled trial evaluating One Drop
with an activity tracker vs One Drop alone on the 3-month
hemoglobin A, of adults with T1D. Participants exposed to
One Drop and the tracker for the 3-month study period had a
significantly lower 3-month hemoglobin A, compared to that
of participants exposed to One Drop only during the same
timeframe. Resultswere consistent in ITT analyses on imputed
data and PP analyses on complete data (ie, among participants
using all aspects of One Drop who aso provided a follow-up
hemoglobin A, value). Moreover, there was a trend of fewer
hypoglycemic events experienced during the study period among
participants in the One Drop and activity tracker condition
relative to those in the One Drop only condition.

Consistent with behavior change theories and their empirical
validations [33,34], self-care improvements may have been a
mechanism by which the 3-month hemoglobin A, was better
for participants in the One Drop and activity tracker condition
than in the One Drop only condition. People tracking their
activity experience small but significant improvements in
spontaneous lifestyle activity and weight loss [35]. Additional
research is needed to determine if using One Drop and an
activity tracker improves physical activity, weight, and, in turn,
hemoglobin A .

Using hardware and software to track self-care makes people
aware of their activity but may not sufficiently engage and
activate them [36]. Being femal e or overweight/obese has been
associated with using an activity tracker [37]. The trid’s
predominantly female (73%) and overweight/obese (80%)
samplemay have been uniquely engaged and activated by using
an activity tracker with One Drop. Therefore, these results may
not generalize to adults with T1D who are male or have a
“normal” BMI.

http://mhealth.jmir.org/2020/9/e16745/
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Strengthsand Limitations

There are study strengths and limitations to note. Prior One
Drop studies have been limited by a single group, pre-post
design, self-selection, and prior exposure to One Drop as an
alternative explanation for the results. This trial’s randomized
design addresses some of these limitations while highlighting
the benefits of activity trackers for people with T1D using One
Drop.

This trial was “pragmatic” [38]. That is, the study procedures
were conducted remotely inthe context of participants’ everyday
lives. Pragmatic trials maximize the applicability and
generalizability of the findings but also make study data open
to accuracy concerns. For instance, a person other than the
participant might have completed the mail-in hemoglobin A,
test. A real-world trial also introduces more confounding
variables. For example, participants may have used other
wearable devices or health apps during the study period.

People with diabetes, payers, and manufacturers want to know
what solutionsto use, purchase, and to whom to market. A more
controlled environment reduces alternative explanations for
research findings and may have produced moreinternaly valid
results, but at the cost of less real-world application. A strength
of this trial is that it was remotely conducted and therefore
far-reaching. People of different race/ethnicities, social classes,
and education levels participated from 43 out of the 50 states.

Participants came from across the United States but may not be
representative of people with T1D in the country. Additionally,
results may not generalize to specific racial/ethnic minority
groups unaccounted for or underrepresented in this study. People
with T1D in the United States are disproportionately
non-Hispanic White (50%), followed by non-Hispanic Black
(30%) and finally Hispanic (18%) and other race/ethnicities
(5%) [39]. Our study sample was predominately non-Hispanic
White (88%), but with much fewer non-Hispanic
Black/Hispanic/Other (12%) racial/ethnic minority participants.

In addition to the study enrolling participants from al over the
continental United States, recruitment, data collection, and
analyses were also completed in only 6.4 months, saving time,
money, and providing just-in-time results to decision makers.
It generally takes 17 yearsto turn 14% of research findingsinto
benefits for patients [40]. This trial strongly challenges how
long it takes to conduct a randomized controlled tria and
trandate results into the real world.

Although the pragmatic and remote study design allowed for
recruitment, data collection, and participation to occur in the
context of everyday life, making it more convenient than trials
requiring study visitsat clinical trial sites, remoteness al so meant
relying on self-reported screening data, and medication and
medical history. Asastrength, engagement with One Drop (ie,
protocol adherence) was objectively determined in real time.
In addition, the primary outcome, hemoglobin A, was
conveniently measured at home, but was processed at a central
lab (ie, l1ab assays are the gold standard).
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Implications and Future Research control, activity tracker only, One Drop only, One Drop and

Better integration isthe future of diabetes care. The closed-loop activity tracker) and randomize to condition. The current study
community highlightsthe desire for integrated tools (ie, people &S underpowered (N=95) to be afour-arm tridl.

arehacking their insulin pumps and continuous glucosemonitors  Data integration and control are key drivers of the initial and
to create their own artificial pancreas [41]). Results from this  sustained use of consumer health technologies [36,42]. One
trial suggest that One Drop and an activity tracker may work  Drop’s app is both integrated with activity trackers and allows
better together than alone in helping people with T1D manage users to have control over how they track their data and share
their health. To better understand the additive value of One it with their One Drop coach or a health care provider. Control,

Drop with and without an activity tracker among adults with  customization, and integration may influence longer-term use
T1D, future research should include four study arms (complete  and benefit, and should be explored in future research.

Acknowledgments
Thiswork was funded by Informed Data Systems Inc.

Conflictsof Interest

CO and LS were full-time employees of Informed Data Systems Inc (IDS), the manufacturer of One Drop’s digital therapeutics
solution, during the conduct of this research. AH, MH, BH, and JD are currently full-time employees and have stock in IDS. JR
isamember of One Drop’s clinical advisory board.

Multimedia Appendix 1

CONSORT-eHEALTH (V 1.6.1).
[PDE File (Adobe PDF File), 2398 KB-Multimedia Appendix 1]

References

1.  National Diabetes Statistics Report 2017. Centersfor Disease Control and Prevention, US Department of Health and Human
Services. 2017. URL: https.//dev.diabetes.org/sites/defaul t/fil es/2019-06/cdc-statistics-report-2017.pdf [accessed 2020-09-01)

2. American Diabetes Association. Economic Costs of Diabetesin the U.S. in 2017. Diabetes Care 2018 May;41(5):917-928
[FREE Full text] [doi: 10.2337/dci18-0007] [Medline: 29567642]

3.  Stokes A, Preston SH. Deaths attributable to diabetes in the United States: comparison of data sources and estimation
approaches. PLoS One 2017;12(1):e0170219 [FREE Full text] [doi: 10.1371/journal.pone.0170219] [Medline: 28121997)

4.  Nathan DM, DCCT/EDIC Research Group. The diabetes control and complications trial/epidemiology of diabetes
interventions and complications study at 30 years: overview. Diabetes Care 2014;37(1):9-16 [FREE Full text] [doi:
10.2337/dc13-2112] [Medline: 24356592]

5. DCCT Research Group, Nathan DM, Genuth S, Lachin J, Cleary P, Crofford O, et a. The effect of intensive treatment of
diabetes on the devel opment and progression of long-term complications in insulin-dependent diabetes mellitus. N Engl J
Med 1993 Sep 30;329(14):977-986. [doi: 10.1056/NEJM 199309303291401] [Medline: 8366922]

6. Mulvaney SA, Hood KK, Schlundt DG, Osborn CY, Johnson KB, Rothman RL, et a. Development and initial validation
of the barriers to diabetes adherence measure for adol escents. Diabetes Res Clin Pract 2011 Oct;94(1):77-83 [FREE Full
text] [doi: 10.1016/j.diabres.2011.06.010] [Medline: 21737172]

7.  American Diabetes Association. 5. Lifestyle management: standards of medical carein diabetes. Diabetes Care 2019;42(Suppl
1):$46-S60. [doi: 10.2337/dc19-s005]

8.  American Diabetes Association. 6. Glycemic targets: standards of medical care in diabetes. Diabetes Care 2019;42(Suppl
1):S61-S70. [doi: 10.2337/dc19-s006]

9. Al Hayek AA, Robert AA, Babli S, Almonea K, Al Dawish MA. Fear of self-injecting and self-testing and the related risk
factors in adolescents with type 1 diabetes. a cross-sectional study. Diabetes Ther 2017 Feb;8(1):75-83 [FREE Full text]
[doi: 10.1007/s13300-016-0221-8] [Medline: 27995595]

10. Klonoff DC. Continuous glucose monitoring: roadmap for 21st century diabetes therapy. Diabetes Care 2005
May;28(5):1231-1239. [doi: 10.2337/diacare.28.5.1231] [Medline: 15855600]

11. Weissherg-Benchell J, Antisdel-Lomaglio J, Seshadri R. Insulin pump therapy: a meta-analysis. Diabetes Care 2003
Apr;26(4):1079-1087. [doi: 10.2337/diacare.26.4.1079] [Medline: 12663577]

12.  Heintzman ND. A digital ecosystem of diabetes data and technology: services, systems, and tools enabled by wearables,
sensors, and apps. J Diabetes Sci Technol 2015 Dec 20;10(1):35-41 [FREE Full text] [doi: 10.1177/1932296815622453]
[Medline: 26685994]

13. BarnesTL, Watson DA, Gandrud LM. Higher weekly physical activity in T1D pediatric patientsis associated with improved
target glucose levels—findings from six months of Fitbit-monitored activity. Diabetes 2018 May;67(Suppl 1):1387-P. [doi:
10.2337/db18-1387-p]

http://mhealth.jmir.org/2020/9/e16745/ JMIR Mhealth Uhealth 2020 | vol. 8 | iss. 9 | €16745 | p. 10
(page number not for citation purposes)


https://jmir.org/api/download?alt_name=mhealth_v8i9e16745_app1.pdf&filename=d0d323845d86a439f6b863f470418d49.pdf
https://jmir.org/api/download?alt_name=mhealth_v8i9e16745_app1.pdf&filename=d0d323845d86a439f6b863f470418d49.pdf
https://dev.diabetes.org/sites/default/files/2019-06/cdc-statistics-report-2017.pdf
http://europepmc.org/abstract/MED/29567642
http://dx.doi.org/10.2337/dci18-0007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29567642&dopt=Abstract
https://dx.plos.org/10.1371/journal.pone.0170219
http://dx.doi.org/10.1371/journal.pone.0170219
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28121997&dopt=Abstract
http://europepmc.org/abstract/MED/24356592
http://dx.doi.org/10.2337/dc13-2112
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24356592&dopt=Abstract
http://dx.doi.org/10.1056/NEJM199309303291401
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8366922&dopt=Abstract
http://europepmc.org/abstract/MED/21737172
http://europepmc.org/abstract/MED/21737172
http://dx.doi.org/10.1016/j.diabres.2011.06.010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21737172&dopt=Abstract
http://dx.doi.org/10.2337/dc19-s005
http://dx.doi.org/10.2337/dc19-s006
http://europepmc.org/abstract/MED/27995595
http://dx.doi.org/10.1007/s13300-016-0221-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27995595&dopt=Abstract
http://dx.doi.org/10.2337/diacare.28.5.1231
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15855600&dopt=Abstract
http://dx.doi.org/10.2337/diacare.26.4.1079
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12663577&dopt=Abstract
http://europepmc.org/abstract/MED/26685994
http://dx.doi.org/10.1177/1932296815622453
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26685994&dopt=Abstract
http://dx.doi.org/10.2337/db18-1387-p
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MHEALTH AND UHEALTH Osborn et a

14.

15.

16.

17.

18.

19.

20.

21

22.

23.

24,

25.
26.

27.

28.

29.

30.

31.

32.

33.

35.

36.

Gandrud L, Altan A, Buzinec P, Hemphill J, Chatterton J, Kelley T, et a. Intensive remote monitoring versus conventional
carein type 1 diabetes: arandomized controlled trial. Pediatr Diabetes 2018 Feb 21;19(6):1086-1093. [doi:
10.1111/pedi.12654] [Medline: 29464831]

Sears LE, Dachis J, Heyman M, Head R, Huddleston B, Osborn CY. People with type 1 diabetes paying for a One Drop
coach improve when not at goal, or stay at goal when starting at goal. Ann Behav Med (SBM 39th Annual Meeting Abstract
Supplement) 2018;52(Suppl 1):S1-S838. [doi: 10.1093/abm/kay013]

Osborn CY, van Ginkel JR, Rodbard D, Heyman M, Marrero DG, Huddleston B, et al. One Drop | Mobile: an evaluation
of hemoglobin Alc improvement linked to app engagement. JIMIR Diabetes 2017 Aug 24;2(2):e21 [FREE Full text] [doi:
10.2196/diabetes.8039] [Medline: 30291059]

Osborn CY. The One Drop diabetesiOS and WatchOS app with in-app coaching from Certified Diabetes Educatorsimproves
blood glucose, carbohydrate intake, and physical activity. 2017 Presented at: Stanford MedX; September 15-17, 2017; Palo
Alto, CA.

Osborn CY, van Ginkel JR, Marrero DG, Rodbard D, Huddleston B, Dachis J. One Drop | mobile on iPhone and Apple
watch: an evaluation of HbA 1c improvement associated with tracking self-care. IMIR Mhealth Uhealth 2017 Nov
29;5(11):€179 [FREE Full text] [doi: 10.2196/mhealth.8781] [Medline: 29187344]

Research2Guidance. Digital Diabetes Care Market 2018-2022: Ready To Take Off. 2018. URL: https:.//research2guidance.
com/product/digital -diabetes-care-market-2018-2022-ready-to-take-off/

Klonoff DC, Parkes JL, Kovatchev BP, Kerr D, Bevier WC, Brazg RL, et al. Investigation of the accuracy of 18 marketed
blood glucose monitors. Diabetes Care 2018 Aug;41(8):1681-1688. [doi: 10.2337/dc17-1960] [Medline: 29898901]
Osborn C, Heyman M, Dachis J. The One Drop Mobile app and Experts program is evidence-based and improves blood
glucose. Ann Behav Med (SBM 38th Annual Meeting Abstract Supplement) 2017;51(Suppl 1):S1-S2867.

Kim SE, Castro Sweet CM, Gibson E, Madero EN, Rubino B, Morrison J, et al. Evaluation of adigital diabetes prevention
program adapted for the Medicaid population: study design and methods for a non-randomized, controlled trial. Contemp
Clin Trials Commun 2018 Jun;10:161-168 [FREE Full text] [doi: 10.1016/j.conctc.2018.05.007] [Medline: 30035241]
Trief PM, Fisher L, Sandberg J, CibulaDA, Dimmock J, Hessler DM, et al. Health and psychosocia outcomes of atelephonic
couplesbehavior changeintervention in patients with poorly controlled type 2 diabetes: arandomized clinical trial. Diabetes
Care 2016 Dec;39(12):2165-2173 [FREE Full text] [doi: 10.2337/dc16-0035] [Medline: 27456837]

de Boer MR, Waterlander WE, Kuijper LD, Steenhuis IH, Twisk JW. Testing for baseline differences in randomized
controlled trials: an unhealthy research behavior that is hard to eradicate. Int J Behav Nutr Phys Act 2015 Jan 24;12(1):4
[FREE Full text] [doi: 10.1186/s12966-015-0162-z] [Medline: 25616598]

Rubin DB. Multiple Imputation for Nonresponse in Surveys. New York: Wiley; 1987.

EgbewaeBE, LewisM, Sim J. Bias, precision and statistical power of analysis of covariance in the analysis of randomized
trials with baseline imbalance: a simulation study. BMC Med Res Methodol 2014 Apr 09;14(1):49 [FREE Full text] [doi:
10.1186/1471-2288-14-49] [Medline: 24712304]

Moher D, Hopewell S, Schulz KF, Montori V, Gatzsche PC, Devereaux PJ, et al. CONSORT 2010 explanation and
elaboration: updated guidelines for reporting parallel group randomised trials. BMJ 2010 Mar 23;340:¢869-c869 [FREE
Full text] [doi: 10.1136/bmj.c869] [Medline: 20332511]

Ranganathan P, Pramesh C, Aggarwa R. Common pitfallsin statistical analysis: Intention-to-treat versus per-protocol
analysis. Perspect Clin Res 2016;7(3):144-146 [FREE Full text] [doi: 10.4103/2229-3485.184823] [Medline: 27453832]
Detry MA, Lewis RJ. Theintention-to-treat principle: how to assess the true effect of choosing amedical treatment. JAMA
2014 Jul 02;312(1):85-86. [doi: 10.1001/jama.2014.7523] [Medline: 25058221]

Shrier |, Verhagen E, Stovitz SD. The intention-to-treat analysisis not aways the conservative approach. Am JMed 2017
Jul;130(7):867-871. [doi: 10.1016/j.amjmed.2017.03.023] [Medline: 28392186]

Brody T. Chapter 8 - Intent-to-Treat Analysis Versus Per Protocol Analysis. In: Clinical Trias, Second Edition. Boston:
Academic Press; 2016:253-268.

Hernan MA, Robins JM. Per-protocol analyses of pragmatic trials. N Engl J Med 2017 Oct 05;377(14):1391-1398. [doi:
10.1056/nejmsm1605385]

Mayberry LS, Osborn CY. Empirical validation of theinformation-motivation-behavioral skillsmodel of diabetes medication
adherence: aframework for intervention. Diabetes Care 2014;37(5):1246-1253 [ FREE Full text] [doi: 10.2337/dc13-1828]
[Medline: 24598245]

Osborn CY, Paasche-Orlow MK, Bailey SC, Wolf MS. The mechanisms linking health literacy to behavior and health
status. Am J Health Behav 2011;35(1):118-128 [FREE Full text] [doi: 10.5993/gjhb.35.1.11] [Medline: 20950164]
Goode AP, Hall KS, Batch BC, Huffman KM, Hastings SN, Allen KD, et al. The impact of interventions that integrate
accelerometers on physical activity and weight loss: a systematic review. Ann Behav Med 2017 Feb;51(1):79-93 [FREE
Full text] [doi: 10.1007/s12160-016-9829-1] [Medline: 27565168]

Miyamoto SW, Henderson S, Young HM, Pande A, Han JJ. Tracking health data is not enough: a qualitative exploration
of therole of healthcare partnerships and mHealth technology to promote physical activity and to sustain behavior change.
JMIR Mhealth Uhealth 2016 Jan 20;4(1):e5 [FREE Full text] [doi: 10.2196/mhealth.4814] [Medline: 26792225]

http://mhealth.jmir.org/2020/9/e16745/ JMIR Mhealth Uhealth 2020 | vol. 8 | iss. 9 | €16745 | p. 11

(page number not for citation purposes)


http://dx.doi.org/10.1111/pedi.12654
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29464831&dopt=Abstract
http://dx.doi.org/10.1093/abm/kay013
https://diabetes.jmir.org/2017/2/e21/
http://dx.doi.org/10.2196/diabetes.8039
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30291059&dopt=Abstract
https://mhealth.jmir.org/2017/11/e179/
http://dx.doi.org/10.2196/mhealth.8781
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29187344&dopt=Abstract
https://research2guidance.com/product/digital-diabetes-care-market-2018-2022-ready-to-take-off/
https://research2guidance.com/product/digital-diabetes-care-market-2018-2022-ready-to-take-off/
http://dx.doi.org/10.2337/dc17-1960
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29898901&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2451-8654(18)30016-4
http://dx.doi.org/10.1016/j.conctc.2018.05.007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30035241&dopt=Abstract
http://europepmc.org/abstract/MED/27456837
http://dx.doi.org/10.2337/dc16-0035
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27456837&dopt=Abstract
https://ijbnpa.biomedcentral.com/articles/10.1186/s12966-015-0162-z
http://dx.doi.org/10.1186/s12966-015-0162-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25616598&dopt=Abstract
https://bmcmedresmethodol.biomedcentral.com/articles/10.1186/1471-2288-14-49
http://dx.doi.org/10.1186/1471-2288-14-49
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24712304&dopt=Abstract
http://europepmc.org/abstract/MED/20332511
http://europepmc.org/abstract/MED/20332511
http://dx.doi.org/10.1136/bmj.c869
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20332511&dopt=Abstract
http://www.picronline.org/article.asp?issn=2229-3485;year=2016;volume=7;issue=3;spage=144;epage=146;aulast=Ranganathan
http://dx.doi.org/10.4103/2229-3485.184823
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27453832&dopt=Abstract
http://dx.doi.org/10.1001/jama.2014.7523
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25058221&dopt=Abstract
http://dx.doi.org/10.1016/j.amjmed.2017.03.023
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28392186&dopt=Abstract
http://dx.doi.org/10.1056/nejmsm1605385
http://europepmc.org/abstract/MED/24598245
http://dx.doi.org/10.2337/dc13-1828
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24598245&dopt=Abstract
http://europepmc.org/abstract/MED/20950164
http://dx.doi.org/10.5993/ajhb.35.1.11
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20950164&dopt=Abstract
http://europepmc.org/abstract/MED/27565168
http://europepmc.org/abstract/MED/27565168
http://dx.doi.org/10.1007/s12160-016-9829-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27565168&dopt=Abstract
https://mhealth.jmir.org/2016/1/e5/
http://dx.doi.org/10.2196/mhealth.4814
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26792225&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MHEALTH AND UHEALTH Osborn et a

37.

38.

39.

40.

41.

42.

Macridis S, Johnston N, Johnson S, Vallance JK. Consumer physical activity tracking device ownership and use among a
popul ation-based sample of adults. PLoS One 2018;13(1):e0189298 [ FREE Full text] [doi: 10.1371/journal.pone.0189298]
[Medline: 29293532]

Dal-Ré R, Janiaud P, loannidis JPA. Real-world evidence: how pragmatic are randomized controlled trials labeled as
pragmatic? BMC Med 2018 Apr 03;16(1):49 [FREE Full text] [doi: 10.1186/s12916-018-1038-2] [Medline: 29615035]
Menke A, Orchard TJ, Imperatore G, Bullard KM, Mayer-Davis E, Cowie CC. The prevalence of type 1 diabetesin the
United States. Epidemiology 2013;24(5):773-774. [doi: 10.1097/ede.0b013e31829¢f014]

BalasE, Weingarten S, Garb CT, Blumenthal D, Boren S, Brown GD. Improving preventive care by prompting physicians.
Arch Intern Med 2000 Feb 14;160(3):301-308. [doi: 10.100V/archinte.160.3.301] [Medline: 10668831]

Weaver KW, Hirsch IB. The hybrid closed-loop system: evolution and practical applications. Diabetes Technol Ther 2018
Jun;20(S2):S216-S223. [doi: 10.1089/dia.2018.0091] [Medline: 29873517]

Fukuoka, Lindgren T, Jong S. Qualitative exploration of the acceptability of amobile phone and pedometer-based physical
activity program in a diverse sample of sedentary women. Public Health Nurs 2012;29(3):232-240. [doi:

10.1111/j.1525-1446.2011.00997.X]

Abbreviations

ANCOVA: analysis of covariance

CDE: Certified Diabetes Educator

CONSORT: Consolidated Standards of Reporting Trials
FDA: Food and Drug Administration

HIPAA: Health Insurance Portability and Accountability Act
IRB: Ingtitutional Review Board

ITT: intention to treat

PP: per protocol

T1D: type 1 diabetes

Edited by G Eysenbach; submitted 20.10.19; peer-reviewed by D Ahn, L Quinlan, C Mamillapalli; comments to author 19.11.19;
revised version received 24.01.20; accepted 13.06.20; published 17.09.20

Please cite as:

Osborn CY, Hirsch A, Sears LE, Heyman M, Raymond J, Huddleston B, Dachis J

One Drop App With an Activity Tracker for Adults With Type 1 Diabetes. Randomized Controlled Trial
JMIR Mhealth Uhealth 2020;8(9):€16745

URL: http://mhealth.jmir.org/2020/9/€16745/

doi: 10.2196/16745

PMID: 32540842

©ChandraY Oshorn, Ashley Hirsch, Lindsay E Sears, Mark Heyman, Jennifer Raymond, Brian Huddleston, Jeff Dachis. Originaly
published in IMIR mHealth and uHealth (http://mhealth.jmir.org), 17.09.2020. This is an open-access article distributed under
the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted
use, distribution, and reproduction in any medium, provided the original work, first published in IMIR mHealth and uHealth, is
properly cited. The complete bibliographic information, alink to the original publication on http://mhealth.jmir.org/, as well as
this copyright and license information must be included.

http://mhealth.jmir.org/2020/9/e16745/ JMIR Mhealth Uhealth 2020 | vol. 8 | iss. 9 | €16745 | p. 12

RenderX

(page number not for citation purposes)


https://dx.plos.org/10.1371/journal.pone.0189298
http://dx.doi.org/10.1371/journal.pone.0189298
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29293532&dopt=Abstract
https://bmcmedicine.biomedcentral.com/articles/10.1186/s12916-018-1038-2
http://dx.doi.org/10.1186/s12916-018-1038-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29615035&dopt=Abstract
http://dx.doi.org/10.1097/ede.0b013e31829ef01a
http://dx.doi.org/10.1001/archinte.160.3.301
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10668831&dopt=Abstract
http://dx.doi.org/10.1089/dia.2018.0091
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29873517&dopt=Abstract
http://dx.doi.org/10.1111/j.1525-1446.2011.00997.x
http://mhealth.jmir.org/2020/9/e16745/
http://dx.doi.org/10.2196/16745
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32540842&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

