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Abstract

Background: Prediabetesisahigh-risk state for the future development of type 2 diabetes, which may be prevented through
physical activity (PA), adherence to a healthy diet, and weight loss. Mobile health (mHealth) technology is a practical and
cost-effective method of delivering diabetes prevention programsin areal-world setting. Sweetch (Sweetch Health, Ltd) isafully
automated, personalized mHealth platform designed to promote adherence to PA and weight reduction in people with prediabetes.
Objective: The objective of this pilot study was to calibrate the Sweetch app and determine the feasibility, acceptability, safety,
and effectiveness of the Sweetch app in combination with adigital body weight scale (DBWS) in adults with prediabetes.
Methods: Thiswas a 3-month prospective, single-arm, observational study of adults with a diagnosis of prediabetes and body
mass index (BMI) between 24 kg/m? and 40 kg/m?. Feasibility was assessed by study retention. Acceptability of the mobile
platform and DBWS were eval uated using validated questionnaires. Effectiveness measuresincluded changein PA, weight, BMI,
glycated hemoglobin (HbA ), and fasting blood glucose from baseline to 3-month visit. The significance of changesin outcome
measures was evaluated using paired t test or Wilcoxon matched pairs test.

Results: The study retention rate was 47 out of 55 (86%) participants. There was a high degree of acceptability of the Sweetch
app, with a median (interquartile range [IQRY]) score of 78% (73%-80%) out of 100% on the validated System Usability Scale.
Satisfaction regarding the DBWS was also high, with median (IQR) score of 93% (83%-100%). PA increased by 2.8 metabolic
equivalent of task (MET)—hours per week (SD 6.8; P=.02), with mean weight loss of 1.6 kg (SD 2.5; P<.001) from baseline. The
median change in A;. was —0.1% (IQR -0.2% to 0.1%; P=.04), with no significant change in fasting blood glucose (-1 mg/dL;
P=.59). There were no adverse events reported.

Conclusions: The Sweetch mobile intervention program is a safe and effective method of increasing PA and reducing weight
and HbA . in adults with prediabetes. |f sustained over alonger period, this intervention would be expected to reduce diabetes
risk in this population.

Trial Registration: ClinciaTrials.gov NCT02896010; https://clinicaltrials.gov/ct2/show/NCT02896010 (Archived by WebCite
at http://lwww.webcitation.org/6xJY xrgse)

(J Med Internet Res 2018;20(2):€72) doi: 10.2196/jmir.9723
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Introduction

Scope of the Problem

Prediabetes, a high-risk state for future type 2 diabetes, is a
global epidemic with increasing prevalence in both developing
and developed countries [1]. Among adults, the prevalence of
prediabetes in the United States, the United Kingdom, China,
and India is 33.9%, 35.3%, 35.7%, and 10.3%, respectively
[2-5]. Considering that the complications associated with type
2 diabetes begin at the prediabetes stage [6] and that more than
half of individuals with prediabetes will eventually develop
diabetes [7], efforts are urgently needed to intervene on this
high-risk population. Regular physical activity (PA; 150 min
per week), weight loss, and healthy diet are highly effective
strategiesfor preventing or delaying the onset of type 2 diabetes
[8-10]; however, randomized controlled trials (RCTSs) of these
interventions have required intensive one-on-one or group
lifestyle coaching, which raises questions about the feasibility
and scalability of implementing these interventions outside of
research settings. For example, the landmark Diabetes
Prevention Program (DPP), which consisted of a 16-session
individual curriculum over 6 months in addition to supervised
group exercise sessions, had estimated direct costs of
approximately US $1400 per person annually (of which more
than half of the cost was for staffing) [10,11].

Mobile health (mHealth) technol ogies potentially represent an
ideal method to deliver diabetes prevention interventions on a
large scale given the ability to reach sizable numbers of patients
at substantially lower costs than human-based interventions.
Various digitally supported interventions have been used for
diabetes prevention and weight loss, including email, voice
cals, SMS text messaging (short message service, SMS),
Web-based applications, mobile apps, activity monitors, and
telemedicine[12]. In fact, the Centers for Disease Control and
Prevention (CDC) has recently started to recognize virtua
programs as valid DPPs [13]. Most of these programs, which
have shown promisein diabetes prevention, haverequired either
in-person training [14] or have a magjor component of human
coaching [15,16], which limits scalability and long-term
adherence, asinterventionsthat rely on human coaching require
substantial human resources and professional training, as well
as sustained time commitment on the part of participants.

Study Intervention

Sweetch is a fully automated, personalized, artificial
intelligence-based mHealth platform (Sweetch Health, Ltd)
designed to promote adherence to PA, weight reduction, and
diet guidelines for people with prediabetes. To sustain healthy
life habits, Sweetch uses artificial intelligence (machine
learning) to automatically translate various raw mobile phone
datastreamsinto insights about the user’slife habits. Completely
free of human involvement, Sweetch presents personalized,
contextual, just-in-time, just-in-place recommendations with
the goal of guiding the user toward achieving his or her desired
activity and weight reduction goals.

http://www.jmir.org/2018/2/e72/

Everett et a

The Sweetch mobile platform is designed to initially address
adherence to the PA component of diabetes prevention
strategies, and as participants comply with the PA goal, aweight
reduction goal is subsequently introduced. Evidence suggests
that PA aone, independent of weight loss or adherenceto dietary
recommendations, is an effective diabetes prevention strategy.
Large RCTs have shown that diabetes risk is (1) reduced
substantially for participants who meet exercise goas even if
failing to meet weight loss or diet goals[17], (2) iscomparable
in participants who meet exercise goals and those who meet
both diet and exercise goals [8], and (3) that leisure time PA
(LTPA) isassociated with resolution of the metabolic syndrome
[18]. A large systematic review of 300,000 participantsrevealed
a30% lower relativerisk of type 2 diabetesin those with regular
PA (defined as walking for 150 min per week at a brisk pace)
compared with almost no walking, an association that persisted
even after adjustment for body massindex (BMI) [19].

Study Objectives

The objective of this pilot study wasto determinethe feasibility,
acceptability, safety, and effectiveness of the Sweetch app in
combination with adigital body weight scale (DBWS) in adults
with prediabetes. Asthe Sweetch app isfully automated, amajor
objective of the pilot study was to calibrate the system (ie,
explore which recommendation types work best and in what
context). We hypothesi zed that the Sweetch intervention would
result in clinically meaningful improvementsin LTPA and body
weight and potentially improvementsin glycemic control over
the follow-up period.

Methods

Study Design

Thiswas a3-month single arm, prospective, observational study
conducted at two clinical siteswithin the JohnsHopkins Clinical
Research Network: Johns Hopkins Hospital, a tertiary care
academic medical center in Batimore, Maryland, and a
community internal medicine practice within the Reading Health
System in Reading, Pennsylvania conducted from October 10,
2016 to November 17, 2017. The study was approved by the
institutional review boards (IRBs) of both institutions, and
written informed consent was obtained from all participants.
The clinical trial was registered on ClinicaTrials.gov
(NCT02896010).

Initially, the study was designed as an RCT with two arms, in
which participants were assigned to receive either the Sweetch
app alone or the Sweetch app in combination with a DBWS.
Early oninthetrial, it became clear that inclusion of the DBWS
was necessary for the purpose of app calibration, asthisallowed
real-time correlation of weight datawith PA measures; therefore,
the design was revised to a single-arm observational study in
which all subsequently enrolled participants were assigned to
receive the Sweetch app and a DBWS. At the time of IRB
approval of this changein the study design (February 7, 2017),
14 participants had received the app a one and were continued
in the study according to their initial treatment assignment.
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Textbox 1. Eligibility criteriafor participants in the study.

Everett et a

Eligibility criteria

. Carried adiagnosis of prediabetes (at least one of the following diagnostic criteria: impaired fasting glucose confirmed by a fasting glucose
100-125 mg/dL, impaired glucose tolerance confirmed by a 2-hour glucose of 140-199 mg/dL following a 75-gram oral glucose tolerance test,

or glycated hemoglobin [HbA 1] 5.7% to 6.4%)

*  Had abody massindex (BMI) between 24 to 40 kg/m2 or 22to 40 kg/m2 for Asian individuals

«  Were English speaking
« Had amobile phone (Android or Apple 5S and above)

Textbox 2. Exclusion criteriafor participants in the study.

Exclusion criteria

- Any medica condition that prevented adoption of moderate intensity physical activity (defined asinability to walk at a 15-20 minute mile pace)
«  Body weight >400 Ib (as this weight exceeded the upper limit of the digital body weight scale)

« Any diagnostic criterion for diabetes mellitus

« Useof any glucose-lowering medication or weight-loss medication within the previous 3 months

o  Current use of systemic glucocorticoids
o Useof antipsychotic medications

.  Elevated liver enzymes (3 times upper limit of normal)

«  Conditionsthat can result in spurious A readings (eg, anemia or hemoglobinopathy)

o Severementdl illness or learning disability

«  Current participation in another clinical trial

Participants

Participants were recruited via various methods including
clinician referral, chart review, on-site advertisements, flyers
or posters, and social media advertisements. Textboxes 1 and
2 show the inclusion and exclusion criteria for participants in
the study.

These exclusion criteria were selected because of the potential
confounding effect they could have on glycemic control during
the study. Participants who met the above criteria were
subsequently screened by laboratory testing (if 1ab resultswere
not available within 14 days before screening) and vital signs
to confirm eligibility. An enrollment target of 50 participants
was selected based on convention, as enrollment numbers of
50 to 100 participants are typical in pilot studies of exercise or
weight loss interventions.

Study Procedures

Participantswho met the éigibility criteriawereinvited to return
for abaseline visit within 14 days, at which time the Sweetch
app was downloaded on the participant’s mobile phone, and the
participant was registered within the app. If the participant was
assigned to receive the DBWS, it was provided and
synchronized to the Sweetch app.

Following this baseline visit, the participant returned to the
clinicin 90 days (window of 76-120 days) for the final visit, at
which time repest |aboratory tests (A, and fasting glucose) and
vital signs were collected, and usability or satisfaction
guestionnaires were administered. Participants who devel oped

http://www.jmir.org/2018/2/e72/

any of the exclusion criteria after enrollment, logged out of the
app, or removed the app from their mobile phone for a period
of at least 14 consecutive days were dropped from the study, as
data could not be collected from those participants. As it was
not known apriori whether thisintervention would be effective
for reducing risk in adults with diabetes, from an ethical
standpoint, all participants were referred to a local registered
dietician (RD), who was aso a certified diabetes educator
(CDE), to receive lifestyle counseling at the baseline visit. In
addition, a 1-page brochure related to diabetes prevention was
provided.

Demographic information, past medical history, and medications
were collected from participants at the baseline visit. A 5-item
mobile phone usage and attitudes survey, adapted from the
mobile phone domain of the Mediaand Technology Usage and
Attitudes Scale [20], was administered at baseline (Multimedia
Appendix 1). To assess the participant’swillingnessto increase
PA, a4-item Physical Activity States of Change Questionnaire
[21] was administered electronically upon participant’s
registration within the app. Responses to this questionnaire are
scored as previously described to classify the participant’s
baseline PA stage of change category (precontemplation,
contemplation, preparation, decison or action, and
maintenance).

Biometric measures including blood pressure, height, weight,
and wai st circumference were measured at the baseline and final
visits. Although most participants received a DBWS, only
clinic-based weight measurements were used as outcome
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measures. Waist circumference was measured using a flexible
measuring tape according to the technique recommended by
the American Society for Nutrition [22]. Blood pressure was
measured in accordance with recommendations by the American
Heart Association [23]. A;. and glucose measurements were
obtained via a central laboratory serum specimen. Fasting
glucose measurements were obtained after participant reported
aminimum of 8 hours fast.

Description of Sweetch Mobile Platform

Sweetch is a persona digital intervention program that seeks
to help individuals lose weight and become more active with
the goal of reducing their long-term risk of diabetes and other
conditions associated with the metabolic syndrome. Sweetch’'s
core philosophy is that each individua has his or her own life
habits, motivations, and pace of behaviora-change progress,
therefore, generic recommendationsto walk 10,000 stepsor for
30 min a day and eat less carbohydrates may not produce
sustainable and meaningful behavioral changefor all individuals,
especially in the long run. Sweetch uses machine learning to
automatically translate raw data streams originating from the
patient’s mobile phone and DBWS into insights about the
individual’s life habit—schedule, activity patterns, driving and
walking routes, surroundings, and more. Then, using advanced
algorithms, Sweetch presents the user with personalized,
contextual, just-in-time, just-in-place, recommendations that
guide him or her toward achieving recommended activity,

Everett et a

weight reduction, and diet goals in a way that fits the user’s
real-world life habits. Sweetch’s technology |earns what types
of message result in better compliance for the specific user at
a specific context (ie, day of week, time, location, effect of
consecutive messages of different types, etc).

The Sweetch app translates behavioral change theory [24] into
practice by the following means:

«  breaking down the target of 150 min of PA per week into
small segments throughout the day, making the goals more
achievable. These small segments are personalized to each
user on an on-going basis.

- providing direct feedback and encouragement when goals
are met.

« shaping behavior by identifying and
reinforcing the target behavior.

« pointing out opportunities in the user’s daily routine for
increased LTPA. Notifications constitute “teachable
moments” that could result in sustained behavioral change.

immediately

This approach aims for gradual progress, high level of
personalization, and long-term adherence. The Sweetch app
enables the participant to track activity progress on adaily and
weekly view in the app, presenting remaining activity that needs
to be completed (Figure 1). Weight change and goals are
summarized graphically over time. Personalized push
notifications are adapted based on actual life habits and sent to
users, providing an actionable recommendation.

Figure 1. Features of Sweetch app. A. Activity Tracking on daily and weekly view, presenting remaining activity to be completed. B. Weight changes
summarized graphically. C. Personalized push notification adapted based on actual life habits.
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Figure 2. Study enrollment flowchart.
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Thenovelty of the Sweetch mobileplatformisthat it optimizes,
inreal timeand using fully automated algorithms, the messages
each user gets so to achieve best possible compliance. Similarly,
the personalized goals are continuously adapted based on the
user's real-world behavior to best fit the user's real-life
capabilities. The Sweetch app uses a passive assessment
approach to provide tailored recommendations with minimal
or no engagement on the part of the user. A few examples of
Sweetch’s tailored recommendations include (1) notifying the
user to do activity only when the user’s calendar indicates
availabletime, (2) recommending specific activity based onthe
user’ssurrounding locations (park, coffee shops, etc) asreflected
by the user’sreal-timelocation, (3) sending weight notifications
only when the user is at home, and (4) varying notification
elements (positive, social, etc) in different sequences based on
the user’s real-world reaction to different timing and types of

Messages.
Digital Body Weight Scale

The Sweetch app communicates with acommercialy available
Bluetooth-enabled digital scale with a body composition
analyzer (Shenzhen Unique, Ltd; Model No. CF369). The

http://www.jmir.org/2018/2/e72/

DBWS syncs weight data to the Sweetch app using Bluetooth
technology (BLE 4.0) and supports communication from
Android and iPhone operating system (iOS, Apple Inc) mobile
phones.

Calibration and I ntervention Cohorts

This pilot study consisted of two cohorts: a calibration cohort
and an intervention cohort (Figure 2). The earliest participants
enrolled in the study were entered in a calibration cohort. Raw
mobile phone data and weight measurements obtained from the
DBWS were correlated with the clinic-based outcomes from
the initia participants (weight change and change in glycemic
measures) to continually adjust metrics of relevant PA that
corresponded to the greatest improvementsin body weight and
glycemic measures. In addition, several refinementswere made
in the app during the calibration period, including the
incorporation of the participant’s calendar data (indicating
available time for PA), enhancing the sensitivity of the PA
tracking, taking into consideration varying definitions of
continuous activity as indicators of effective activity, and
increasing app availability during different operating system
modes (eg, suspended and terminated). An enhanced version
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was devel oped based on outcomes and usability or satisfaction
responses of participants in the calibration cohort. In the
analysis, any participant who received this enhanced version
for 50% or more of their time in the trial was considered part
of the intervention cohort.

Outcome M easures

Thispilot study evaluated measures of feasibility, acceptability,
effectiveness, and safety. Feasibility was assessed by retention,
defined asthe proportion of enrolled participantswho completed
and adhered to the study protocol. Acceptability was evaluated
at thefinal visit using a 10-item questionnaire with Likert scale
responses regarding the Sweetch app, a six-item questionnaire
regarding the DBWS, and a two-item questionnaire comparing
the perceived benefit of the app with the DBWS on attainment
of weight lossand PA goals. The app questionnaire was adapted
from the validated System Usability Scale (SUS), aquick and
reliabletool to evaluate awide variety of technological products,
including mobile devices [25]. The responses to the app
guestionnaire were rescored from 0 to 100, and amedian score
above 68 was deemed a priori to indicate above average user
acceptability. The six-item questionnaire for the DBWS was
developed specifically for this study. Responses were rescored
from 30 to 100, and a median score of 68 and above was
considered acceptable. The two-item questionnaire had four
categorical responses comparing the app with DBWS on
attainment of weight lossand activity goals. Satisfaction scores
are reported for all participants who completed the study per
protocol.

Effectiveness measures included changesin PA, weight, BMI,
A4, fasting glucose, and blood pressure. PA was evaluated
using metabolic equivalent of task (MET)-hours, which was
the same metric used in the DPP. MET-hours were calculated
as the product of the duration and type of PA, weighted by an
estimate of the metabolic equivalent of that activity, and
summed per week, with the result expressed as the average
MET-hours per week. Unlike the DPP, which used self-reported
dataon PA, calculations of MET-hours were based entirely on
data captured automatically by the participant’s maobile phone
(details provided in Multimedia Appendix 2). Effectiveness
measures are reported for the intervention cohort only.

As the Sweetch app aims to increase LTPA and reduce weight
gradually, theintervention was not expected to pose any serious
risk of adverse events (AES) for participants. Participants were
instructed to call the research coordinator by phone or email in
the event of an AE, in which case the principle investigator
would contact the participant for details and adjudicate whether
the event was related or unrelated to the intervention. At the
final visit, participants were asked about any new medical

http://www.jmir.org/2018/2/e72/
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problems or hospitalizations experienced during the study,
whether they believed these to be related to the intervention,
and the reasons why.

Statistical Analysis

Asthiswas apilot study, formal sample size calculations were
not performed. Participant datawere statistically analyzed using
Stata statistical software: release 13 (StataCorp LP). Summary
statistics describing the baseline demographic characteristics,
PA stage of change, and mobile phone usage attitudes score are
provided in Table 1, with results reported for all enrolled
participants and separately for the calibration and intervention
cohorts. Normality of continuous variables was assessed using
the Shapiro Wilk test. For normally distributed and nonnormally
distributed continuous variables, respectively, mean (standard
deviations) and median with interquartile range (IQR) are
reported. Counts and frequencies are reported for categorical
variables.

To estimate the statistical differences between the pre- and
postintervention measurementsin theintervention cohort, paired
t test and Wilcoxon matched pairs (signed-rank) test were used
for normally distributed and nonnormally distributed continuous
variables, respectively (Table 2). A two-tailed P value <.05 was
considered statistically significant. Change in PA (MET-hours
per week) was cal culated by subtracting the participant’s mean
MET-hours per week of thelast 2 full weeks on study from the
mean MET-hours per week of the first full 2 weeks on study
(weeks 2 and 3). For all other continuous outcome measures,
the change from baseline was cal culated by subtracting the value
of the baseline visit from thefinal visit. For normally distributed
variables (PA, weight, BMI, and waist circumference), the mean
and SDs are reported for the baseline visit and final visit, and
statistical significance in the mean of the paired differences
(change from baseline) was evaluated using the paired t test.
For nonnormally distributed variables (A4, fasting glucose,
systolic blood pressure, and diastolic blood pressure), themedian
and IQR are reported for the baseline and final visits, and
statistical significance in the median of the paired differences
(change from baseline) was evaluated using the Wilcoxon
matched pairs test. Percentage weight change was calculated
by subtracting the weight at the final visit from the weight of
the baseline visit, dividing by the weight of the baseline visit
and multiplying by 100%. Summary responses to the app SUS
(Figure 3) and DBWS SUS (Figure 4) are reported for study
completers (in both calibration and intervention cohorts) as
proportions of responses within each Likert category for each
item in the questionnaire. The total score for these usability
scales were calculated as described above and reported as
medians with IQR.
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Table 1. Baseline characteristics of study participants. Data reported for means (standard deviation) or median (interquartile range [IQR]).

Characteristics

Enrolled (N=55)

Calibration cohort (N=9)

Intervention cohort (N=38)

Gender, n (%)
Male
Female
Age (years), mean (SD)
Weight, kg, mean (SD)
BMI2 (kg/m?), n (%)
25-30
30-35
35-40
Waist circumference, cm, median (IQR)
A1, %, median (IQR)
Fasting glucose, mg/dL, median (IQR)
Race, n (%)
Black
White
Other
Education attainment, n (%)
L ess than high school
High school graduate
Some college
Associates degree
Bachelor’s degree
Advanced degree
Employment status, n (%)
Part time (<40 hours)
Full time (>40 hours)
Unemployed
Retired
Disabled
Comorbidities, n (%)
Hypertension
Hyperlipidemia
Hypertriglyceridemia

Mobile phone usage attitudes score®, median (IQR)
Physical activity stage of change, n (%)

Precontemplation
Contemplation
Preparation
Decision or action

Maintenance

22 (40)

33 (60)
55.0 (10.6)
92.47 (17.7)

5(9)

14 (26)

36 (65)

106.7 (97.8-15.0)
6.0(5.7-6.2)

102 (97-109)

14 (25)
39 (71)
2(4

2(4

8 (14)
13 (24)
1(2)
19 (34)
12 (22)

14 (26)
27 (49)
3(5)
10 (18)
12

26 (47)

18 (33)
2(4)

88 (80-100)

0(0)
30 (54)
8 (15)
8 (15)
9 (16)

4(44)
5 (56)
57.6 (0.9)
92.1(22.9)

2(22)

3(33)

4 (45)

100.3 (87.6-104.1)
5.7 (5.7-6.0)

98 (94-109)

5 (56)
4(44)
0(0)

0(0)
0(0)
1(11)
0(0)
7(78)
1(11)

2(22)
3(33)
3(33)
2(22)
1(11)

4(44)
4(44)

0(0)

88 (80-100)

0(0)
7(78)
1(11)
1(11)
0(0)

14 (37)
24 (63)
57.2(-9.1)
926 (17.2)

2(9)

10 (26)

26 (69)

108.2 (100.0-116.8)
6.0 (5.7-6.2)

105 (98-111)

7(19)
31(82)
0(0)

2(9)
7(18)
10 (26)
1(3)

9 (24)
9 (24)

10 (26)
21 (55)
1(3)

6 (15)
0(0)

19 (50)
2(9)

12 (32)

87 (80-100)

0(0)
19 (50)
7 (20)
5(10)
7 (20)

3BMI: body mass index.
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bSurvey questions in Multimedia Appendix 1.

Table 2. Secondary outcomes in intervention cohort (N=38). Data reported are means (standard deviation) or median (interquartile range [|QR]).

Outcome Baseline Final visit Change from baseline P value?
Physical activity, MET -hours/week®, mean (SD) 14.6 (6.2) 17.4(8.1) 2.8(6.9) 02
Weight, kg, mean (SD) 90.3(17.2) 88.7 (17.2) -1.6 (2.5) <.001
Percentage weight change, mean (SD) — — -1.9(2.8) —
BMI%, kg/m?, mean (SD) 326 (4.5) 319 (4.6) -0.6 (0.8) <.001
Waist circumference, cm, mean (SD) 109.0 (12.0) 107.6 (12.0) -1.4(2.9) <.01
A1c %, median (IQR) 6.00 (5.70-6.20) 5.85 (5.70-6.10) -0.10 (-0.20 to 0.10) 04
Fasting glucose, mg/dL, median (IQR) 106 (98-111) 102 (97-109) -1(-3t00) .59
Systolic blood pressure, mm Hg, median (1QR) 131 (119-143) 129 (118-139) 1(-10to7) .56
Diastolic blood pressure, mm Hg, median (1QR) 775 (71-84) 75 (67-83) -4 (-7t04) 21

8 valuated using paired t test for physical activity, weight, BMI, and waist circumference and Wilcoxon matched pairs (signed-rank) for Ay, fasting
glucose, systolic blood pressure, and diastolic blood pressure.
PMET: metabolic equivalent of task.

®One observation missing from physical activity data because of inaccurate height entry into app by participant, resulting in inaccurate cal cul ations of
METs.

dBMmI: body mass index.
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Figure 3. Sweetch app usability and satisfaction results of participants who completed study per protocol (in both calibration and intervention cohorts,

N=47).
APP SYSTEM USABILITY SCALE RESPONSES
B Strongly disagree = Disagree ™ Neutral mAgree  Strongly agree
I think that | would LIKE TO USE THE SWEETCH APP FREQUENTLY.
e 4% 15% 33% 41%
| found the Sweetch app UNNECESSARILY COMPLEX.
| thought the Sweetch app was EASY TO USE.
I think that | would NEED THE SUPPORT OF TECHNICAL PERSON to be able to use the Sweetch app.
1% o
| found the various FUNCTIONS in the Sweetch app were WELL INTEGRATED.
| thought there was TOO MUCH INCONSISTENCY in the Sweetch app.
| would imagine that most people would LEARN TO USE THE SWEETCH APP QUICKLY.
4% BN 40% 49%
| found the Sweetch app CUMBERSOME TO USE.
| felt VERY CONFIDENT using the Sweetch app.
9% 9% 26% 51%
| NEEDED TO LEARN A LOT OF THINGS before | could get going with the Sweetch app.
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Figure 4. Digital body weight scale (DBWS) usability and satisfaction results of participants who completed study per protocol (in both calibration

and intervention cohorts, N=35).

DBWS SYSTEM USABILITY SCALE RESPONSES

B Strongly disagree

The DBWS was EASY TO USE.

Disagree M Neutral B Agree

Strongly agree

83%

It was EASY TO CONNECT the DBWS to my mobile phone using Bluetooth.

57%

| found my weight measurements to be ACCURATE using the DBWS.

3%

49%

I did NOT HAVE ANY TECHNICAL CHALLENGES with the DBWS.

3%

71%

My weight measures consistently SYNCHRONIZED to my mobile phone automatically.

3%

71%

Having automatic weight measurements on my phone HELPFUL to me in achieving my goals.

Results

Study Population

Of participants who met the inclusion criteriaby prescreening,
92 were assessed for eligibility by laboratory testing (Figure 2).
After excluding 35 participants who had either normal glucose
tolerance or diabetes mellitus, 57 participants were eligible for
the study, of whom 55 (96%) enrolled. Of the 55 enrolled
participants, 12 (22%) and 43 (78%) werein the calibration and
intervention cohorts, respectively. Of the 12 participantsin the
calibration cohort, 9 (75%) completed the study according to
protocol. One participant was dropped because he was logged
out of the app for a period longer than 14 days, and 2 were
dropped because of protocol violations (one participant failed
to return for final visit, and another’sfinal visit was outside the
study window). In the intervention cohort, 38 out of the 43
(88%) participants completed the study. Reasons for dropping
out in this cohort included 3 participants that logged out or
removed the app, one who voluntarily dropped out, and one
protocol violation (torn knee meniscusthat limited ambulation;
notably, this participant did not attribute the knee injury to
increased PA). Among the 55 enrolled participants, 14 (25%)
received the Sweetch app alone, and 41 (75%) received the app
+ DBWS. Among the 47 participants who completed the study
per protocol and were included in the analysis, 4 of 9 (44%) in

http://www.jmir.org/2018/2/e72/
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60%

the calibration cohort received both the app + DBWS and 31
of 38 (82%) in the intervention cohort received both the app +
DBWS. Thus, 35 of the 47 (74%) study completers received
both the app + DBWS.

The baseline characteristics of the study participants are shown
in Table 1, summarized for al enrolled participants and
separately for the calibration and intervention cohorts. Overall,
participants were predominately female (60%), white (71%),
middle aged (mean age 55.0 years [SD 10.6]), and obese (91%

had BM| =30 kg/m?) adults with prediabetes. The median (IQR)
baseline A, was 6.0% (5.7%-6.2%), and fasting glucose was
102 mg/dL (97-109). The diagnosis of prediabetes was
established on the basis of impaired fasting glucose alone for
13/55 (24%), elevated A, aone for 21/55 (38%), and both
criteria for 21/55 (38%) of enrolled participants. There was a
high prevalence of cardiovascular risk factorsoverall, with 47%
of participants having hypertension and 33% having
hyperlipidemia. The majority (82%) of participants had at |east
some college education, and 75% were employed at least part
time. The median score on the mobile phone usage and attitudes
baseline survey was 88%, indicating that the participants had a
high level of proclivity with basic mobile phone technology.
Regarding PA stage of change, the majority of participantswere
in the contemplative stage (54%), defined as intending to
become physically active in the next 6 months [21].
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Feasibility and Acceptability

With respect to feasibility measures, there was relatively high
retention in the study, with 47 of 55 (86%) participants
completing the study according to protocol. The median (IQR)
time between the baseline and follow-up visits for study
completerswas 91 (90-98) days. Only one participant voluntarily
withdrew from the study out of lack of interest. Despitereferral
to adual-certified RD and CDE at the baseline visit, only 2 of
55 (4%) participants actually attended a visit for lifestyle
counseling.

The Sweetch mobile platform had ahigh degree of acceptability
by the participants. The median (IQR) score for the Sweetch
app SUS measure was 78% (73%-80%), with a score above
68% indicating above average acceptability. The summary
responses to the raw items used to calculate the app SUS
measure are shown in Figure 3. The majority of participants
agreed or strongly agreed that they would like to use the Sweetch
app frequently (74%), found the app easy to use (83%), found
the functions of the app well integrated (72%), felt that most
people could learn to use the app very quickly (89%), and felt
confident using the app (77%). Similarly, a majority of
participants strongly disagreed or disagreed that the app was
unnecessarily complex (81%), would need the support of a
technical person (85%), had too much inconsistency (60%),
found the app cumbersome to use (79%), and that they needed
to learn alot of things before being able to use the app (83%).

Therewas also high satisfaction with the DBWS with amedian
(IQR) usability score of 93% (83%-100%). The summary
responses for the DBWS SUS measure are shown in Figure 4.
The majority of participants strongly agreed or agreed that the
DBWSwas easy to use (94%) and connect to the mobile phone
using Bluetooth (94%), found the weight measurements to be
accurate (80%), did not have any technical challenges with the
DBWS (85%), weight measures consistently synchronized to
the mobile phone automatically (88%), and having automatic
weight measurements on the mobile phone was helpful to
achieving goals (77%). Comparing the perceived relative value
of the app and DBWS in achieving their PA goal, 48% of
participants found the app and DBWS equally effective, 46%
found the app more effective than the DBWS, and 6% found
the DBWS more hel pful than the app. Asatool for weight loss,
72% found the app and DBWS equally effective, 14% found
the app more helpful than then DBWS, 11% found the DBWS
more helpful than the app, and 3% found neither to be helpful.

Effectiveness and Safety

With respect to the effectiveness measures (Table 2), there was
asignificant increase in PA from baseline with a mean change
of 2.8 MET-hours per week (SD 6.8; P=.02). Weight reduction
of 1.6 kg (SD 2.5; P<.001) was observed, corresponding to
weight change of approximately 2%. BMI declined by 0.6 kg/m?
(SD 0.8; P<.001), and waist circumference was reduced by 1.4
cm (SD 2.9; P<.01). There was a statistically significant and
clinically meaningful reductionin A, in theintervention cohort,
with median (IQR) A4, change from baseline of —0.1% (—0.2%
t0 0.1%; P=.04). There was no significant changein thefasting
glucose from baseline, with median (IQR) change of -1 mg/dL
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(-3 to 0; P=.59). There was no significant change in blood
pressure with median (IQR) change of 1 mm Hg (-10 to -7,
P=.56) and -4 mm Hg (-7 to 4; P=.21) in systolic and diastolic
blood pressure, respectively. There were no AEs reported in
this study. One participant had a knee injury (torn meniscus)
approximately 30 days into the study, but thiswas unrelated to
the Sweetch intervention.

Discussion

Principal Findings

Thispilot study demonstrated that the Sweetch mobile platform
in combination with a DBWS was effective at increasing PA
and reducing weight and A;; and had a high degree of
acceptability. From a feasibility standpoint, there was a high
rate of participant retention. Usability and satisfaction scores
for the app and DBWSwere uniformly high. Asexpected, given
the nature of this intervention, there were no AEs.

The findings of this study suggest a potential role of fully
automated mobile-based interventions for diabetes prevention.
Participants achieved significant increases in PA, with a 2.8
MET-hour increase per week per participant. By comparison,
the changein PA achieved at 3 and 6 monthsin the DPP study,
which is considered the goal standard for diabetes prevention
programs, was extrapolated to be 1.7 and 3.6 MET-hours per
week, respectively. Participants lost an average of 1.6 kg,
corresponding to approximately 2% weight loss at 3 months.
The DPP showed that for each 1 kg weight lossin the lifestyle
arm, there was a 16% reduction in diabetes risk, adjusted for
changes in diet and activity [17]. The degree of weight loss
achieved in this study was dlightly less than the weight loss
trend at the 3-month time point in the DPP; however, to sustain
behavioral change, the Sweetch intervention sought to gradually
expose participants to different diabetes prevention goals,
starting with PA. As participants complied with the PA goal, a
weight goal was subsequently introduced. Given the study
interval of 3 months, the weight loss goal was introduced to
participants later in the trial; hence, the smaller reduction in
weight compared with the DPP. In this study, weight loss

corresponded to a BMI reduction of 0.6 kg/m% a large
prospective cohort study showed that BMI reductions of at |east

0.5 kg/m? are associated with 12% reduction in the relative risk
of incident diabetes over the long term [26].

With respect to glycemic measures, participants in the
intervention cohort achieved A reductions of 0.1% (P=.04),
with no significant change in fasting glucose. The discordance
between these glycemic measures may be explained by the fact
that (1) A, isamore stable estimate of glycemic exposure than
fasting glucose, (2) an intervention that increases PA may
disproportionately improve postprandial hyperglycemia over
fasting hyperglycemia because of improvements in muscle
insulin sengitivity, and (3) unlike fasting glucose, A, results
are not influenced by recent carbohydrate exposure and/or
participant adherenceto an 8-hour fast. Inferring from the results
of the lifestyle arm in the DPP, an A, reduction of 0.1% is
considered a clinically meaningful surrogate for diabetes risk:
at 3 and 6 months, the change in A, from baseline in the DPP
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were —0.05% and —0.1%, respectively [10]. Thus, the A, change
realized at the 3-month time point in this study exceeded the
change at 3 monthsthat was extrapolated from thelifestylearm
of the DPP. It is important to note that in this study, all
participants were referred for lifestyle education with a CDE
and RD, but only 2 of 55 (4%) participants actually attended a
visit for lifestyle counseling; therefore, it is likely that the
findings can be attributed amost entirely to the Sweetch
intervention. Although there was no significant changein blood
pressure, this was not the main objective of this study.
Significance of Findings

This study adds to a growing body of evidence supporting the
use of mHealth technology for improving PA levels, weight
loss, and diabetes prevention [12]. A mobile phone or
Web-based DPP (Alive-PD) that included tailored goal setting,
weekly tracking, human-based phone coaching, and
twice-weekly DPP curriculum achieved reductions of 0.26%
and 3.3 kg weight loss at 6 months [27]. Another intervention
that included in-person DPP curriculum sessions and a mobile
app for self-monitoring of weight, activity, and diet resulted in
6.2 kg weight loss a 5 months but failed to demonstrate any
significant changein glycemic measures[14]. A hybrid program
combining human coaching and digital tools, Noom Coach
(Noom, Inc, New York), demonstrated significant weight loss
but did not report glycemic data [15]. Nonetheless, given the
significant effect on weight reduction seen with thisintervention,
the CDC included Noom in their recently established DPP
recognition registry [28]. OmadaHealth (San Francisco), another
solution that combines human coaching and digital tools, also
demonstrated significant weight loss, but no changein A,. was
observed at 3 months[29]. On the other hand, the intervention
demonstrated significant A, reductions of 0.37% at 12 months
(P=.001).

The fact that our study demonstrated both weight and A,
reductions at only 3 months suggests that long-term effectswill
be comparable, if not superior, to existing interventions. Most
importantly, Sweetch’s machine learning technology enables
fully automated intervention; hence, supporting larger-scale
deployment with greater cost-effectiveness potential when
compared with human-based diabetes prevention solutions. A
future long-term study with the Sweetch mobile platform is
planned to confirm the durability of these findings and to satisfy
CDC recognition criteriafor a DPP.
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Study Strengths and Limitations

There were several strengths to this study. PA measures were
tracked, rather than self-reported, which increases the validity
of this measure as compared with the DPP that relied on
participant self-report of PA. Our study used the DPP study as
a comparison, as this study is considered the gold standard for
diabetes prevention. Unlike asimilar study that used home A4
test kits and thus received A, dataon only 53% of participants
at study follow-up [30], we had compl ete ascertainment of A,
levelson study completers. That said, one of the lessons|earned
from this study is that point-of-care A, screening would be
more efficient for recruitment and would enhance the
implementation of this intervention in a real-world clinica
setting where patients identified as having prediabetes could
receivetheintervention immediately without the need for fasting
and areturn visit. With respect to the app itself, another lesson
learned from this study is that adding a component focused on
nutrition in addition to weight lossand PA goals may be required
to achieve maximal weight loss and greater improvements in
glycemic measures.

Limitations of this study were the single-arm design with a
self-selected sample of participantswho may be more motivated
to change their lifestyle than the average patient with
prediabetes. Although the focus of thisintervention wasweight
loss and PA, participants did receive nutrition information
(brochure) at the baseline visit, which may have affected the
intervention. Our patient demographic consisted predominately
of white females, which is not uncommon in behavioral weight
loss studies. Although the study enrolled overweight and obese
adults, the study population consisted of predominantly obese
individuals who may have led a more sedentary lifestyle than
their overweight counterparts. A further study with a larger
sample size will alow inferences to be made about the
generalizability of these findings to overweight prediabetic
patients. Finaly, although the aim of the app is diabetes
prevention, given the size and duration of this study, we were
limited to using surrogate measures (ie, PA, weight change, and
A, to draw inferences about diabetes risk, rather than
measuring diabetes incidence.

Conclusions

The Sweetch mobile platform waswell received by participants
and was effective at increasing PA and reducing body weight
and A, over 3 months without any adverse effects. The study
results are promising, but future studies will be required to
confirm the sustainability of these findings over a longer
follow-up period.

This trial was funded by Sweetch Health, Ltd, a company that makes and owns the Sweetch mobile platform, which was the
subject of this study. This publication was made possible by the Johns Hopkins Institute for Clinical and Translational Research
(ICTR), whichisfunded in part by Grant Number UL1 TR 001079 from the National Center for Advancing Trandational Sciences
(NCATS), acomponent of the National Institutes of Health (NIH), NIH Roadmap for Medical Research, and the Johns Hopkins
Clinical Research Network (JHCRN). Its contents are solely the responsibility of the authors and do not necessarily represent the
official view of the Johns Hopkins ICTR, JHCRN, NCATS, or NIH. The authors acknowledge assistance from the Center for
Clinical Data Analytics, supported in part by the Johns Hopkins Institute for Clinical and Trandl ational Research (UL1TR001079),

for clinical dataretrieval used for recruitment purposes.

http://www.jmir.org/2018/2/e72/

JMed Internet Res 2018 | vol. 20 | iss. 2 | €72 | p. 12
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Everett et a

Authors Contributions

EE analyzed the data and wrote the manuscript. AY recruited participants and wrote the manuscript. BK and AD recruited
participants for the study and wrote the manuscript. NM designed the study, recruited participants, independently conducted the
data analysis, and wrote the manuscript.

Conflictsof I nterest
None declared.

Multimedia Appendix 1
Mobile phone usage and attitudes baseline survey.

[PDE File (Adobe PDF File), 32K B-Multimedia Appendix 1]

Multimedia Appendix 2
Calculation of MET-hours per week per participant.

[PDE File (Adobe PDF Fil€), 45K B-Multimedia Appendix 2]

References

1. EdwardsCM, Cus K. Prediabetes: aworldwide epidemic. Endocrinol Metab Clin North Am 2016 Dec;45(4):751-764.
[doi: 10.1016/j.ecl.2016.06.007] [Medline: 27823603]

2. Cdc. Atlanta: Centers for Disease Control and Prevention National Diabetes Statistic Report, 2017 URL: https://www.
cdc.gov/diabetes/pdfs/data/statisti cs/nati onal -diabetes-statistics-report. pdf [accessed 2018-02-14] [WebCite Cache ID
6XE7gqulcT]

3.  Mainous AG, Tanner RJ, Baker R, Zayas CE, Harle CA. Prevalence of prediabetesin England from 2003 to 2011.:
population-based, cross-sectional study. BMJ Open 2014 Jun 9;4(6):e005002 [FREE Full text] [doi:
10.1136/bmjopen-2014-005002] [Medline: 24913327]

4.  WangL, Gao P, Zhang M, Huang Z, Zhang D, Deng Q, et a. Prevalence and ethnic pattern of diabetes and prediabetesin
Chinain 2013. JAm Med Assoc 2017 Jun 27;317(24):2515-2523. [doi: 10.1001/jama.2017.7596] [Medline: 28655017]

5.  AnjanaRM, DegpaM, PradeepaR, MahantaJ, Narain K, DasHK, ICMR-INDIAB Collaborative Study Group. Prevalence
of diabetes and prediabetes in 15 states of India: results from the ICMR-INDIAB popul ation-based cross-sectional study.
Lancet Diabetes Endocrinol 2017 Aug;5(8):585-596. [doi: 10.1016/S2213-8587(17)30174-2] [Medline: 28601585]

6.  Brannick B, Wynn A, Dagogo-Jack S. Prediabetes asatoxic environment for theinitiation of microvascular and macrovascular
complications. Exp Biol Med (Maywood) 2016 Jun;241(12):1323-1331 [FREE Full text] [doi: 10.1177/1535370216654227]
[Medline: 27302176]

7.  Tabak AG, Herder C, Rathmann W, Brunner EJ, Kivimaki M. Prediabetes: a high-risk state for diabetes development.
Lancet 2012 Jun 16;379(9833):2279-2290 [ FREE Full text] [doi: 10.1016/S0140-6736(12)60283-9]

8. PanXR, Li GW, Hu YH, Wang JX, Yang WY, An ZX, et al. Effects of diet and exercise in preventing NIDDM in people
with impaired glucose tolerance. The DaQing IGT and Diabetes Study. Diabetes Care 1997 Apr;20(4):537-544. [Medline:
9096977]

9.  Tuomilehto J, Lindstrém J, Eriksson JG, Valle TT, Hamaldinen H, Ilanne-Parikka P, Finnish Diabetes Prevention Study
Group. Prevention of type 2 diabetes mellitus by changesin lifestyle among subjects with impaired glucose tolerance. N
Engl JMed 2001 May 3;344(18):1343-1350. [doi: 10.1056/NEJM200105033441801] [Medline: 11333990]

10. Knowler WC, Barrett-Connor E, Fowler SE, Hamman RF, Lachin JM, Walker EA, Diabetes Prevention Program Research
Group. Reduction in the incidence of type 2 diabetes with lifestyle intervention or metformin. N Engl JMed 2002 Feb
7,346(6):393-403 [FREE Full text] [doi: 10.1056/NEJM0a012512] [Medline: 11832527]

11. Herman WH. The economics of diabetes prevention. Med Clin North Am 2011 Mar;95(2):373-84, viii [FREE Full text]
[doi: 10.1016/j.mcna.2010.11.010] [Medline: 21281839]

12. Grock S, KuJH, Kim J, Moin T. A review of technology-assisted interventions for diabetes prevention. Curr Diab Rep
2017 Sep 23;17(11):107. [doi: 10.1007/s11892-017-0948-2] [Medline: 28942537]

13. Cdc. Atlanta: Centers for Disease Control and Prevention; 2015. Centers for Disease Control and Prevention: Diabetes
Prevention Recognition Program URL : https://www.cdc.gov/diabetes/prevention/pdf/dprp-standards.pdf [accessed
2018-02-14] [WebCite Cache ID 6xE7yURvZz]

14. Fukuoka, Gay CL, Joiner KL, Vittinghoff E. Novel diabetes prevention intervention using a mobile app: arandomized
controlled trial with overweight adults at risk. Am J Prev Med 2015 Aug;49(2):223-237 [FREE Full text] [doi:
10.1016/j.amepre.2015.01.003] [Medline: 26033349]

http://www.jmir.org/2018/2/e72/ JMed Internet Res 2018 | vol. 20 | iss. 2| €72 | p. 13
(page number not for citation purposes)

RenderX


https://jmir.org/api/download?alt_name=jmir_v20i2e72_app1.pdf&filename=135a71fb19043e16634cfa4e4cf78277.pdf
https://jmir.org/api/download?alt_name=jmir_v20i2e72_app1.pdf&filename=135a71fb19043e16634cfa4e4cf78277.pdf
https://jmir.org/api/download?alt_name=jmir_v20i2e72_app2.pdf&filename=5effbb48b868b197611384efffa952b6.pdf
https://jmir.org/api/download?alt_name=jmir_v20i2e72_app2.pdf&filename=5effbb48b868b197611384efffa952b6.pdf
http://dx.doi.org/10.1016/j.ecl.2016.06.007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27823603&dopt=Abstract
https://www.cdc.gov/diabetes/pdfs/data/statistics/national-diabetes-statistics-report.pdf
https://www.cdc.gov/diabetes/pdfs/data/statistics/national-diabetes-statistics-report.pdf
http://www.webcitation.org/

                                            6xE7gu1cT
http://www.webcitation.org/

                                            6xE7gu1cT
http://bmjopen.bmj.com/cgi/pmidlookup?view=long&pmid=24913327
http://dx.doi.org/10.1136/bmjopen-2014-005002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24913327&dopt=Abstract
http://dx.doi.org/10.1001/jama.2017.7596
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28655017&dopt=Abstract
http://dx.doi.org/10.1016/S2213-8587(17)30174-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28601585&dopt=Abstract
http://europepmc.org/abstract/MED/27302176
http://dx.doi.org/10.1177/1535370216654227
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27302176&dopt=Abstract
http://europepmc.org/abstract/MED/22683128
http://dx.doi.org/10.1016/S0140-6736(12)60283-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9096977&dopt=Abstract
http://dx.doi.org/10.1056/NEJM200105033441801
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11333990&dopt=Abstract
http://europepmc.org/abstract/MED/11832527
http://dx.doi.org/10.1056/NEJMoa012512
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11832527&dopt=Abstract
http://europepmc.org/abstract/MED/21281839
http://dx.doi.org/10.1016/j.mcna.2010.11.010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21281839&dopt=Abstract
http://dx.doi.org/10.1007/s11892-017-0948-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28942537&dopt=Abstract
https://www.cdc.gov/diabetes/prevention/pdf/dprp-standards.pdf
http://www.webcitation.org/

                                            6xE7yURvz
http://europepmc.org/abstract/MED/26033349
http://dx.doi.org/10.1016/j.amepre.2015.01.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26033349&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Everett et a

15.

16.

17.

18.

19.

20.

21

22.

23.

24,

25.

26.

27.

28.

29.

30.

Michaelides A, Raby C, Wood M, Farr K, Toro-Ramos T. Weight loss efficacy of a novel mobile diabetes prevention
program delivery platform with human coaching. BMJ Open Diabetes Res Care 2016;4(1):€000264 [ FREE Full text] [doi:
10.1136/bmjdrc-2016-000264] [Medline: 27651911]

Castro Sweet CM, Chiguluri V, Gumpina R, Abbott P, Madero EN, Payne M, et al. Outcomes of a digital health program
with human coaching for diabetes risk reduction in a medicare population. J Aging Health 2017 Jan 1:898264316688791.
[doi: 10.1177/0898264316688791] [Medline: 28553807]

Hamman RF, Wing RR, Edelstein SL, Lachin JM, Bray GA, Delahanty L, et a. Effect of weight loss with lifestyle
intervention on risk of diabetes. Diabetes Care 2006 Sep;29(9):2102-2107 [FREE Full text] [doi: 10.2337/dc06-0560]
[Medline: 16936160]

Ilanne-Parikka P, Laaksonen DE, Eriksson JG, Lakka TA, Lindstr J, Peltonen M, Finnish Diabetes Prevention Study Group.
Leisure-time physical activity and the metabolic syndrome in the Finnish diabetes prevention study. Diabetes Care 2010
Jul;33(7):1610-1617 [FREE Full text] [doi: 10.2337/dc09-2155] [Medline: 20413514]

Jeon CY, Lokken RP, Hu FB, van Dam RM. Physical activity of moderate intensity and risk of type 2 diabetes: a systematic
review. Diabetes Care 2007 Mar;30(3):744-752. [doi: 10.2337/dc06-1842] [Medline: 17327354]

Rosen LD, Whaling K, Carrier LM, Cheever NA, Rokkum J. The media and technology usage and attitudes scale: an
empirical investigation. Comput Human Behav 2013 Nov 1;29(6):2501-2511 [FREE Full text] [Medline: 25722534]
Marcus BH, Forsyth L. The Stages of Mativational Readiness for Change Model. In: Bahrke M, editor. Motivating People
to be Physically Active - 2nd ed. Champaign: Human Kinetics, 2009:11-20.

Klein S, Allison DB, Heymsfield SB, Kelley DE, Leibel RL, Nonas C, et a. Waist circumference and cardiometabolic risk:
a consensus statement from shaping America's health: Association for Weight Management and Obesity Prevention;
NAASO, the Obesity Society; the American Society for Nutrition; and the American Diabetes Association. Obesity (Silver
Spring) 2007 May;15(5):1061-1067 [FREE Full text] [doi: 10.1038/0by.2007.632] [Medline: 17495180]

Pickering TG, Hall JE, Appel LJ, Falkner BE, Graves JW, Hill MN, Council on High Blood Pressure Research Professional
and Public Education Subcommittee, American Heart Association. Recommendations for blood pressure measurement in
humans; an AHA scientific statement from the Council on High Blood Pressure Research Professional and Public Education
Subcommittee. J Clin Hypertens (Greenwich) 2005 Feb;7(2):102-109 [FREE Full text] [Medline: 15722655]
Nahum-Shani |, Smith SN, Tewari A, Witkiewitz K, CollinsL, Spring B, et al. Methodol ogy.psu.edu. University Park, PA:
The Methodology Center, Penn State; 2014. Just-In-Time Adaptive Interventions (JI TAlS): an organizing framework for
ongoing health behavior support (Technical Report Number 14-126) URL : https://methodol ogy.psu.edu/media/techreports/
14-126.pdf [accessed 2018-02-16] [WebCite Cache ID 6xH1fRbIV]

Usability. System Usability Scale (SUS) URL: https://www.usability.gov/how-to-and-tool S/'methods/system-usability-scal e.
html [accessed 2018-02-14] [WebCite Cache ID 6xE9Ae2JA]

Ogumay, Sesso HD, Paffenbarger Jr RS, Lee IM. Weight change and risk of developing type 2 diabetes. Obes Res 2005
May;13(5):945-951 [FREE Full text] [doi: 10.1038/0by.2005.109] [Medline: 15919849]

Block G, Azar KM, Block TJ, Romanelli RJ, Carpenter H, Hopkins D, et al. A fully automated diabetes prevention program,
Alive-PD: program design and randomized controlled trial protocol. IMIR Res Protoc 2015;4(1):€3 [FREE Full text] [doi:
10.2196/resprot.4046] [Medline: 25608692]

National Diabetes Prevention Program.: Centers for Disease Control and Prevention Registry; 2017. Registry of All
Recognized Organizations URL : https://nced.cdc.gov/DDT_DPRP/Registry.aspx[WebCite Cache ID 6XE8wY zuJ]

Sepah SC, Jiang L, Peters AL. Translating the diabetes prevention program into an online social network: validation against
CDC standards. Diabetes Educ 2014;40(4):435-443. [doi: 10.1177/0145721714531339] [Medline: 24723130]

Sepah SC, Jiang L, Peters AL. Long-term outcomes of a Web-based diabetes prevention program: 2-year results of a
single-arm longitudinal study. JMed Internet Res 2015;17(4):€92 [FREE Full text] [doi: 10.2196/jmir.4052] [Medline:
25863515]

Abbreviations

AE: adverse event

BMI: body massindex

CDC: Centersfor Disease Control and Prevention
CDE: certified diabetes educator
DBWS: digital body weight scale
DPP: Diabetes Prevention Program
IQR: interquartile range

IRB: institutional review board
LTPA: leisuretime physical activity
MET: metabolic equivalent of task
mHealth: mobile health

PA: physica activity

http://www.jmir.org/2018/2/e72/ JMed Internet Res 2018 | vol. 20 | iss. 2| €72 | p. 14

(page number not for citation purposes)


http://europepmc.org/abstract/MED/27651911
http://dx.doi.org/10.1136/bmjdrc-2016-000264
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27651911&dopt=Abstract
http://dx.doi.org/10.1177/0898264316688791
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28553807&dopt=Abstract
http://europepmc.org/abstract/MED/16936160
http://dx.doi.org/10.2337/dc06-0560
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16936160&dopt=Abstract
http://europepmc.org/abstract/MED/20413514
http://dx.doi.org/10.2337/dc09-2155
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20413514&dopt=Abstract
http://dx.doi.org/10.2337/dc06-1842
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17327354&dopt=Abstract
http://europepmc.org/abstract/MED/25722534
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25722534&dopt=Abstract
https://dx.doi.org/10.1038/oby.2007.632
http://dx.doi.org/10.1038/oby.2007.632
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17495180&dopt=Abstract
https://onlinelibrary.wiley.com/resolve/openurl?genre=article&sid=nlm:pubmed&issn=1524-6175&date=2005&volume=7&issue=2&spage=102
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15722655&dopt=Abstract
https://methodology.psu.edu/media/techreports/14-126.pdf
https://methodology.psu.edu/media/techreports/14-126.pdf
http://www.webcitation.org/

                                            6xH1fRb9V
https://www.usability.gov/how-to-and-tools/methods/system-usability-scale.html
https://www.usability.gov/how-to-and-tools/methods/system-usability-scale.html
http://www.webcitation.org/

                                            6xE9Ae2JA
https://dx.doi.org/10.1038/oby.2005.109
http://dx.doi.org/10.1038/oby.2005.109
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15919849&dopt=Abstract
http://www.researchprotocols.org/2015/1/e3/
http://dx.doi.org/10.2196/resprot.4046
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25608692&dopt=Abstract
https://nccd.cdc.gov/DDT_DPRP/Registry.aspx
http://www.webcitation.org/

                                            6xE8wYzuJ
http://dx.doi.org/10.1177/0145721714531339
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24723130&dopt=Abstract
http://www.jmir.org/2015/4/e92/
http://dx.doi.org/10.2196/jmir.4052
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25863515&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Everett et a

RCT: randomized controlled tria
RD: registered dietician
SUS: System Usahility Scale

Edited by G Eysenbach; submitted 22.12.17; peer-reviewed by B Rahimi, Z Huang, A Benis, R Pankomera; comments to author
11.01.18; revised version received 23.01.18; accepted 26.01.18; published 27.02.18

Please cite as:

Everett E, Kane B, Yoo A, Dobs A, Mathioudakis N

A Novel Approach for Fully Automated, Personalized Health Coaching for Adults with Prediabetes: Pilot Clinical Trial
J Med Internet Res 2018;20(2): €72

URL: http://www.jmir.org/2018/2/e72/

doi: 10.2196/jmir.9723
PMID: 29487046

O©Estelle Everett, Brian Kane, Ashley Yoo, Adrian Dobs, Nestoras Mathioudakis. Originally published in the Journal of Medical
Internet Research (http://www.jmir.org), 27.02.2018. 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 the Journal of Medical Internet Research, is properly
cited. The complete bibliographic information, alink to the original publication on http://www.jmir.org/, aswell asthis copyright
and license information must be included.

http://www.jmir.org/2018/2/e72/ JMed Internet Res 2018 | vol. 20 | iss. 2| €72 | p. 15
(page number not for citation purposes)

RenderX


http://www.jmir.org/2018/2/e72/
http://dx.doi.org/10.2196/jmir.9723
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29487046&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

