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Abstract

Background: One-third of US adults, 86 million people, have prediabetes. Two-thirds of adults are overweight or obese and
at risk for diabetes. Effective and affordable interventions are needed that can reach these 86 million, and others at high risk, to
reduce their progression to diagnosed diabetes.

Objective: The aim wasto evaluate the effectiveness of afully automated al gorithm-driven behavioral intervention for diabetes
prevention, Alive-PD, delivered viathe Web, Internet, mobile phone, and automated phone calls.

Methods: Alive-PD provided tailored behavioral support for improvementsin physical activity, eating habits, and factors such
as weight loss, stress, and sleep. Weekly emails suggested small-step goals and linked to an individual Web page with tools for
tracking, coaching, social support through virtual teams, competition, and health information. A mobile phone app and automated
phone calls provided further support. Thetrial randomly assigned 339 personsto the Alive-PD intervention (n=163) or a6-month
wait-list usual-care control group (n=176). Participantsweredigibleif either fasting glucose or glycated hemoglobin Alc (HbA1c)
was in the prediabetic range. Primary outcome measures were changes in fasting glucose and HbA 1c at 6 months. Secondary
outcome measures included clinic-measured changes in body weight, body mass index (BMI), waist circumference,
triglyceride/high-density lipoprotein cholesterol (TG/HDL) ratio, and Framingham diabetes risk score. Analysis was by
intention-to-treat.

Results: Participants mean age was 55 (SD 8.9) years, mean BMI was 31.2 (SD 4.4) kg/m?, and 68.7% (233/339) were male.
Mean fasting glucose was in the prediabetic range (mean 109.9, SD 8.4 mg/dL), whereas the mean HbA1c was 5.6% (SD 0.3),
in the normal range. In intention-to-treat analyses, Alive-PD participants achieved significantly greater reductions than controls
in fasting glucose (mean —7.36 mg/dL, 95% CI —7.85 to —6.87 vs mean —2.19, 95% Cl —2.64 to —1.73, P<.001), HbA1c (mean
—0.26%, 95% CI —0.27 to —0.24 vs mean —0.18%, 95% CI —0.19 to -0.16, P<.001), and body weight (mean —3.26 kg, 95% CI
—3.26 to —3.25 vs mean —1.26 kg, 95% Cl —1.27 to —1.26, P<.001). Reductionsin BMI, waist circumference, and TG/HDL were
also significantly greater in Alive-PD participants than in the control group. At 6 months, the Alive-PD group reduced their
Framingham 8-year diabetesrisk from 16% to 11%, significantly more than the control group (P<.001). Participation and retention
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was good; intervention participants interacted with the program amedian of 17 (IQR 14) of 24 weeksand 71.1% (116/163) were
still interacting with the program in month 6.

Conclusions: Alive-PD improved glycemic control, body weight, BMI, waist circumference, TG/HDL ratio, and diabetes risk.
As afully automated system, the program has high potential for scalability and could potentially reach many of the 86 million
US adults who have prediabetes as well as other at-risk groups.

Trial Registration: Clinicaltrials.gov NCT01479062; https://clinicaltrials.gov/ct2/show/NCT01479062 (Archived by WebCite
at http://lwww.webcitation.org/6bt4V20NR)

(J Med Internet Res 2015;17(10):€240) doi: 10.2196/jmir.4897
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Introduction

In the United States, 86 million adults have prediabetes [1], a
condition characterized by elevated blood glucose that is not
yet high enough to be diagnosed as diabetes. Chronic elevated
blood glucose levels tend to increase over time and it is
estimated that as many as 70% of those with prediabetes will
eventually progressto type 2 diabetes [2]. The economic burden
of the combined costs of diabetes and prediabetes exceeded US
$322 hillion in 2012 and accounted for 1in 10 US hedlth care
dollars. In an editorial, Cefalu et a [3] noted that “increased
prevalence, not increased cost per patient, is the driving force
behind the increased economic burden of diabetes’ [4]. Unless
changes are made to prevent progression to type 2 diabetes,
costs relating to diabetes management and care will continue
torise at darming rates. It is critical to develop affordable and
effective interventions that can reach more of the 86 million
people with prediabetes with programs to improve glycemic
control.

Lifestyle modification has been shown to reduce risk of
progression to diabetes by as much as 40% to 70% [2]. The
Diabetes Prevention Program (DPP) achieved a 58% reduction
intheincidence of diabetesthrough increased physical activity,
dietary changes, and weight loss[5]. The DPPinvolved intensive
counseling and multiple in-person and group meetings in a
research context. Since then, numerous transl ations of the DPP
have been developed that attempt to provide approaches that
can be widely applied.

Some adaptations of the DPP for real-world settings deliver the
interventions through group meetings and in-person contact,
such asthose delivered in communitiesand YMCAs[6-8]. Ali
et al [9] found a mean 4.3% body weight loss in programs
delivered by medical professionals and 3.2% weight loss for
those delivered by community members. Although in-person
and group-based interventions are important and effective
resources, barriers to widespread adoption of such programs
include lack of professional staff, institutional resources,
substantial costs, and the requirement that participants attend a
series of in-person meetings, which together substantially limit
their scalability and reach [10,11].

A number of interventions have combined someform of human
coaching with the use of technology, at least by phone or email,
thus enabling them to achieve wider reach. In a meta-analysis
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of programs modeled on the DPP, Ali et al [9] found that among
electronic media-assisted programs, there was a statistically
significant mean weight loss of 4% body weight. A review by
Levineet a [12] of technol ogy-assisted weight lossinterventions
in primary care found a mean weight loss in the intervention
group of -2.7 kg among technology-assisted weight loss
interventions that included some human coaching. Human
feedback and coaching can provide value and effectiveness—and
indeed is needed by some participants. However, it does result
in higher coststhat once again limit the number of personswith
prediabetes that can be reached.

Fully automated behavioral intervention systems, those without
any human coaching or facilitation, may hold substantial
promise in overcoming barriers to widespread reach and
adoption in aresource-limited health care environment if they
can be shown to be effective. Several such programs have been
found to be effective for weight loss [13,14], but there is very
little information on the impact of such programs on glycemic
markers critical for diabetes prevention. The Alive-PD
intervention (Turnaround Health, aDivision of NutritionQuest,
Berkeley, CA, USA) provides such afully automated, tailored,
online behavior change program. Alive-PD is focused on
reducing diabetesrisk by reducing the biomarkersthat constitute
the criteriafor diabetes, glycated hemoglobin A, (HbA,.) and
fasting glucose, in persons at risk of developing diabetes. The
purpose of this anaysis is to examine the effects of this
automated program on those glycemic biomarkers and weight
lossin arandomized controlled trial.

Methods

The Alive-PD study was a randomized, wait-list controlled
(usual care) trial among patients with clinical evidence of
prediabetes. The primary outcome measures were changes in
HbA ;. and fasting glucose at 6-month follow-up from baseline.
Secondary outcomes were changes in body weight, body mass
index (BMI), waist circumference, triglyceride (TG) to
high-density lipoprotein cholesterol (HDL-C) ratio (a proxy
measure for insulin resistance [15]), and metabolic syndrome.
Metabolic syndrome was defined as 3 or more of 5 components
(ie, abdominal obesity, elevated blood pressure, elevated TG,
low HDL, and dysglycemia) specified by the American Heart
Association and the National Heart, Lung, and Blood Institute
[16]. The Framingham 8-year diabetesrisk scorewas calculated
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[17]. Sample size was determined by using the estimated
standard deviation of change in HbA,. from an intervention
study on patients with diabetes [18]. With a standard deviation
of 1.4 and alpha of .05, we estimated that afinal sample of 268
participants would provide 80% power to detect a minimum
detectable difference in change in HbA . of 0.48%. The god
for enrollment was 314 persons to achieve asample size of 268
after 15% estimated attrition. The trial design and methods are
describedin detail elsewhere[19] and are summarized here (see
Multimedia Appendix 1 for CONSORT flow diagram).

Participant Recruitment and Eligibility Criteria

Potential participantswhose recent fasting glucose and/or HbA
were within the prediabetes range were initialy identified
through an electronic health record query of patients in an
ambulatory care health care delivery system, the Palo Alto
Medical Foundation (PAMF). The PAMF isacommunity-based
multispecialty group practice in Northern California. Patients
meeting these criteria were recruited via letter and underwent
telephone screening for eligibility. Those meeting preliminary
criteriawereinvited to attend aclinic visit to confirm eligibility,
which aso provided the baseline data for those confirmed
eligible. At that visit, fasting glucose and lipids were measured
by point-of-care whol e blood testing using the Alere Cholestech
LDX Analyzer. Similarly, HbA;. was measured using the
Siemens DCA Vantage Analyzer. Biometric measurements,
including height, body weight, waist circumference, and blood

pressure were also obtained. BM1 (kg/m?) was calculated from
height and body weight.

Individuals were eligible if they were aged between 30 and 69

yearswithaBM | of at least 27 kg/m? (BM1 >25 kg/m? for Asian
participants) [20], spoke English, were not taking diabetes
medications, had access to email and Internet, and had either
fasting glucose or HbA . in the prediabetes range (glucose:
5.55-6.94 mmol/L or 100-125 mg/dL ; HbA,: 39-46 mmol/mol
or 5.7%-6.4%). If one measure reached the diabetic range and
the other was prediabetic, the patient’s primary care physician
decided whether the patient had prediabetes and was eligible
for the study. Additional exclusion criteria are described
elsewhere [19]. The study was approved by independent
Institutional Review Boards of Turnaround Health and PAMF.

After participants provided signed informed consent, they were
given brief (5-10 minutes) instruction that they were at risk for
developing diabetes and that increased physical activity and
changesintheir dietary behaviors could help prevent progression
to diabetes. PAMF research staff assisted participantsin signing
into an account for the Alive-PD Web-based program, where
participants provided their email address and password to the
system. All subsegquent communicationswith participants came
fromthe electronic Alive-PD program and interactionswith the
Alive-PD program took place outside of the clinic.

Randomization

After leaving the study site, enrolled participants completed a
brief questionnaire online, which provided information required
for randomization. Randomization was conducted automatically,
by computer algorithm, with stratification by sex, race/ethnicity
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(non-Hispanic white/other), and BMI (<35 kg/m?/=35 kg/m?),
to achieve balance on those factors. Participants were
randomized to start the intervention immediately (intervention
group) or after 6 months' delay (control group/wait-listed usual
care group). Participants were notified of treatment group
assignment by automated email from the Alive-PD system. The
research and clinica staff at PAMF was masked to group
assignment. Participantsin the control group received no further
contact from the online Alive-PD system except reminders to
complete a 3-month and 6-month online follow-up
guestionnaire. Because participants had consented only to a
6-month delay before they could start the intervention, only the
3-month and 6-month results constitute the randomized trial
portion of the study.

The Alive-PD Intervention

The program has been described in detail elsewhere [19].
Briefly, Alive-PD provides a 1-year program of regular contact
and goal setting, weekly in the first 6 months and biweekly
thereafter, plus midweek automated email and mobile phone
reminders. The program includes individually tailored weekly
goal setting and other activities delivered via Web and email
supplemented by automated interactive voice response (IVR)
phone calls and a supportive mobile phone app. Alive-PD was
developed with input from, and was reviewed by, diabetes
educators, endocrinologists, registered dietitians, and
psychological experts in health behavior change. All features
and contacts are completely automated and algorithm-driven,
with no personal contact or coaching either in-person or
remotely. See Figure 1 and Multimedia Appendix 2 for
screenshots and other information.

The goa of the Alive-PD program is to improve glycemic
control and reduce diabetes risk through lasting changes in
physical activity and eating habits. Weight loss is encouraged
and tracked as one of the changesthat can reduce diabetesrisk,
although it is not the primary emphasis. For physical activity,
participants set long-term goal s of 150 to 300 minutes of agrobic
activity per week depending on reported levels at baseline and
on subsequent program participation. Resistance training is
encouraged as well. For eating behaviors, the focus is on
decreasing added sugars and refined carbohydrates, decreasing
saturated and trans fats, and increasing fruit and vegetables.
Changesinfood type and reduction in portion sizeisemphasized
asameans of reducing energy intake rather than specific calorie
targets or counting. Psychosocial issues important in behavior
change are addressed, including managing stress and sleep,
staying motivated, addressing negative thoughts, modifying
on€e's environment to support desired changes, and other topics
addressed in the DPP curriculum [21].

These objectives are achieved through a system of weekly
individually tailored goal setting. Based on a detailed initial
guestionnaire on current dietary and activity habits, and on the
participant’s subsequent interactions, the program recommends
multiple weekly personally relevant small-step goals.
Participants work on both increased physical activity and
improved dietary habits each week, as well as occasional
psychosocial goals. In addition to weekly personally tailored
goals, the system providestoolsfor tracking weight, eating, and
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physical activity; weekly health information on diabetes and
strategies for preventing it; quizzes, social support through
virtual teams and a participant messaging system; feedback on
reported diet and activity and on success or failure of goal
achievement; weekly reminders; and other features. Engagement

Figure 1. Screenshot of Alive-PD personal home page.
myalive!
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is promoted through a points system with modest monetary
rewards and team competition. During the first 6 months,
participants are reminded automatically if they have not chosen
agoal for 2 weeks using data from the online system.
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An email initiates the choice of weekly goals, provides alink
to the participant’s Web page, and isfollowed up by a midweek
reminder. An Android and iPhone app also permits the
participant to select weekly goals, report on progress, and set
mobile phone reminders. Automated motivational phone
coaching is provided biweekly through IVR technology with
interactions tailored to each individual’s participation status,
barriers, and primary motivations.

These strategies and features are based on established principles
derived from several bodies of behavior change research. The
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basic objective, derived from learning theory and other habit
formation research [22-24], is to have participants gradually
incorporate new eating and physical activity behaviorsinto their
daily livesuntil these behaviors are both habitual and substantial
enough to reduce diabetes risk. To accomplish that objective,
avariety of strategiesare employed to sustain involvement with
the program itself and, more importantly, to sustain the gradual
incorporation of new healthier behaviors. The strategies are
consistent with several bodies of research, including models
centering on cues and triggers [25,26], socia cognitive theory
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[27,28], the theory of planned behavior [29], behavioral
economics[26,30], and positive psychology [31,32]. For amore
detailed description of the program, refer to the published
protocol and program description [19].

Subsequent Clinic Visits

Participantsin the intervention and control groups returned for
clinic visitsat 3 and 6 months, at which time the laboratory and
biometric measurements described previously were repeated
by trained staff unaware of treatment assignment. Active
monitoring of adverse events was achieved by asking
participants about sickness or injury at each clinic visit. At the
6-month visit, additional funding made it possible to invite
participants to continue the program for another 6 months,
although the randomized trial segment ended at 6 months. Those
in the intervention group continued in that arm. Those in the
control group were transferred to the active Alive-PD
intervention program per the original consent. Participantswho
consented to the extension were seen at additional clinic visits
at 9 and 12 months.

Statistical M ethods

Intention-to-treat (ITT) analyses of change in HbA ., fasting
glucose, and weight were prespecified. Baseline characteristics
were compared by chi-squaretestsfor categorical variablesand
t testsfor continuous variables. M ean between-group treatment
differences in outcomes were evaluated by ITT analysis using
linear regression approaches. In all models, change in the
outcome of interest (eg, HbA;.) was the dependent variable
with treatment group the main predictor (independent) variable
and baseline value of the outcome variable as a covariate.
Missing values in the dependent variable were imputed using
the approach of Heckman et al [33,34], in which variables need
not be assumed to be missing at random (MAR). Thisapproach
correctsfor the biasin estimates of change that may arise from
participants failing to complete the follow-up clinic visits. We
examined potential interactions with treatment group by
variables that were expected a priori to be potential effect
modifiers (sex, race/ethnicity, age, and BMI category) by
inclusion of a cross-product term in the model. No significant
interactions were found. Adjustment for age, sex, BMI, and
race/ethnicity did not materially alter the results. Dichotomous
outcomes (eg, achievement of 5% weight loss) were evaluated
by chi-square tests after confirming the absence of interactions
using logistic regression. For comparability with other studies,
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we also conducted subgroup analyses on participants who were
prediabetic by HbA ;. at baseline.

Results

Participant Randomization and Retention

A total of 340 participants met study eligibility criteriaand were
randomized. One participant randomized to the intervention
group developed a metabolic condition rendering glycemic
markers uninterpretable and was excluded from analysis, leaving
339 randomized participants.

Study retention and participation in biometric assessment visits
was high; 89.1% (302/339) completed the 3-month follow-up
assessment and 86.1% (292/339) completed the 6-month
follow-up assessment. Of the 47 study participants that did not
complete the 6-month follow-up (20 control, 27 intervention),
9 were lost to follow-up and 38 withdrew from the study.
Reported adverse events were minor and all were considered
to be unrelated to study participation. There were no significant
differencesin adverse events between treatment groups at either
the 3-month or the 6-month visit (data not shown). One
participant in the control group was diagnosed with diabetes
and withdrew from the study; this participant did not provide
follow-up measurements, but wasincluded inthe ITT analysis.
No participants were prescribed metformin or other diabetes
medications during the study.

Baseline Characteristics
Participants were amean age of 55 (SD 8.9, range 31-70) years

with amean BMI of 31.1 (SD 4.4) kg/m? (Table 1). The mgjority
(68.7%, 233/339) were male. Mean fasting glucose was at the
low end of the prediabetic range (mean 6.1, SD 0.5 mmol/L or
mean 109.9, SD 8.4 mg/dL) and mean HbA ;. wasin thenormal
range (mean 5.6%, SD 0.3 or mean 38, SD 3.2 mmol/mol]).
Metabolic syndrome was present in 68.1% (231/339) of
participants. The study cohort was well educated; 82.9%
(281/339) had a college degree or higher. The Framingham
8-year diabetes risk was 16.6% at baseline in both groups. The
intervention and control groupswere well balanced on baseline
characteristics, athough there was some imbalance for
race/ethnicity, but it did not reach statistical significance
(P=.07). This imbalance was due largely to a difference in
Hispanic ethnicity (8.0%, 14/176 vs 4.3%, 7/163; P=.04). Due
to thisimbal ance, race/ethnicity was examined for confounding
and effect modification in all models.
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Table 1. Baseline demographics and clinical characteristics.
All Control Intervention

Variable N=339 n=176 n=163 pa
Age (years), mean (SD) 55.0 (8.9) 54.9 (9.1) 55.0 (8.8) .88
Female, n (%) 106 (31.3) 54(30.7) 52 (31.9) 81
College or above, n (%) 281 (82.9) 144 (81.8) 137 (84.1) .59
Race/ethnicity, n (%) b .07

White 229 (67.6) 120 (68.2) 109 (66.9)

Hispanic 21(6.2) 14 (8.0) 7(4.3)

Asian 70 (20.6) 29 (16.5) 41 (25.2)

Other 19(5.6) 13 (7.4) 6 (3.7)
Metabolic syndrome, n (%) 231 (68.1) 121 (68.8) 110 (67.5) .80
Weight (kg), mean (SD) 92.9 (15.8) 93.3(16.6) 93.7 (14.9) 68
BMI (kg/m?), mean (SD) 31.2 (4.4) 31.2 (4.3) 31.1(4.5) 73
Waist circumference (cm), mean (SD) 102.8 (10.8) 103.1(11.2) 102.5 (10.4) .62
Glucose (mmol/L), mean (SD) 6.10 (0.5) 6.08 (0.5) 6.11 (0.5) 57
Glucose (mg/dL), mean (SD) 109.9 (8.4) 109.6 (8.3) 110.1 (8.6) 57
HbA 1,(%), mean (SD) 5.6 (0.3) 5.6 (0.3) 5.6 (0.3) .90
HbA 1 (mmol/mol), mean (SD) 38.2(3.2) 38.2(3.1) 38.1(3.3) .90
Total cholesterol (mmol/L), mean (SD) 5.0(0.8) 5.0(0.9) 4.9(0.8) .82
LDL cholesterol (mmol/L), mean (SD) 3.0(0.7) 3.0(0.7) 3.0(0.7) 73
HDL cholesterol (mmol/L), mean (SD) 1.2(0.4) 1.2(0.3) 1.2(0.4) 34
Triglycerides (mmol/L), mean (SD) 1.6 (0.8) 1.7(0.8) 1.6(0.9) .54
TG/HDL ratio, mean (SD) 35(2.5) 36(25) 34(2.5) 41
Blood pressure (mm Hg), mean (SD)

Systolic 130.4 (14.7) 130.4 (14.5) 130.5 (15.0) 95

Diastolic 82.3(8.4) 82.6 (8.7) 82.0(8.1) 51
Framingham 8-year diabetes risk (%), mean (SD) 16.63 (10.67) 16.64 (10.78) 16.63 (10.58) 99

@ Gignificance of difference between intervention and control.

b Race and ethnicity as reported on online questionnaire. Native American/Alaskan, Native Hawaiian/Pecific Islander, more than one race, or “not

reported” reported as “other.”

Primary Outcomes

Significant decreases in HbA,. and fasting glucose were

observed in the intervention group by 3 months from baseline
and declined further at 6 months (Figure 2).

In ITT analyses, which included all 339 participants, mean
reductions in fasting glucose at 6 months from baseline were

http://www.jmir.org/2015/10/e240/

RenderX

significantly greater in the intervention group (mean —0.41
mmol/L, 95% CI —-0.44 to—0.12) than in the control group (mean
—0.21 mmol/L, 95% CI -0.15t0-0.10; P<.001) (Table 2). Mean
reductions in HbA,. were also significantly greater in the
intervention versus the control group (mean —0.26%, 95% ClI
—-0.27 to -0.24 vs mean -0.18%, 95% Cl —-0.19 to —0.16;
P<.001). No effect modification by race/ethnicity, age, sex, or
BMI category was observed.
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Figure 2. Changesin primary and secondary endpoints over time. Solid line: control; dashed line: intervention; error bars: + standard error. A: Change
inHbA1c. B: Changein fasting glucose. C: Change in waist circumference. D: Changein weight. At 6 months, all measures were significantly different

between control and intervention groups (P<.001).
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in HbA ;. was greater than in the intervention group as awhole
(mean —0.32%, 95% Cl —0.38 to —0.26) and was significantly
greater relative to the control group (mean —0.20%, 95% CI
—-0.25 t0 -0.15; P=.002).

Variable Intention-to-treat,? change (95% CI)? Prediabetic by HbA 1,® change (95% CI)”
Alive-PD Control P Alive-PD Control P
n=163 n=176 n=60 n=69
Fasting glucose  —7.36 (—7.85,—6.87)  —2.19(-2.64,-1.73) <001  -7.38(-9.40, -5.36) -1.23(-3.12, 0.65) <.001
(mg/dL)
Fasting glucose  -0.41(-0.44,-0.38)  -0.12(-0.15,-0.10)  <.001  -0.41(-0.52, —0.30) -0.07 (-0.17, 0.04) <.001
(mmol/L)
HbA 1 (%) -0.26(-0.27,-0.24)  -0.18(-0.19,-0.16)  <.001  -0.32(-0.38,-0.27) -0.20 (-0.25, -0.15) .002
HbA 1 —2.81(-2.95,-2.66) —1.93(-206,-1.79) <001  —3.50 (-4.10,-2.90) —2.15 (-2.71, —1.59) .002
(mmol/mol)
Weight (kg) -3.26(=3.26,-3.25)  -1.26(-127,-1.26) <001  —3.56 (=4.42, —2.70) —0.48 (-1.28, 0.32) <.001
Weight loss (%) -3.60 (-3.63,-357)  -1.32(-1.36,-1.28)  <.001  —4.00 (—4.94, —-3.07) -0.53 (—1.40, 0.34) <.001
BMI (kg/m?) -1.05(-1.06,-1.05)  -0.39(-0.39,-0.38)  <.001  -1.19(-1.47,-0.90) -0.17 (-0.43, 0.10) <.001
Waist (cm) -456 (-4.69,—4.43)  —2.22(-2.36,-2.09) <001 —7.23(-8.99,-5.47) —2.73(-4.37,-1.10) <.001
TG/HDL ratio  —0.21(-0.30,-0.12)  0.21(0.12,0.29) 04 -0.43 (-0.85, -0.02) 0.12 (-0.27, 0.51) .06

& mputation of missing dependent variables using Heckman/QLIM.

b 95% confidence limits from least sguares means from models of following form: change=baseline + treatment group.
€ Participants prediabetic by HbA 1. at baseline and providing complete data.

Secondary Outcomes

In the ITT anaysis, reduction in weight, BMI, waist
circumference, and TG/HDL ratio wereall significantly greater
in the intervention group than the control group (Table 2). The
intervention group lost amean 3.26 kg (95% Cl —3.26 to —3.25)

http://www.jmir.org/2015/10/e240/

compared to 1.26 kg (95% Cl —1.27 to —1.26) in the control
group (P<.001). Mean BMI was reduced by 1.05 kg/m? (95%

Cl —1.06 to —1.05) and 0.39 kg/m? (95% CI —0.39 to -0.38) in
theintervention and control groups, respectively (P<.001). The
mean reduction in waist circumferencein theintervention group
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was 4.56 cm (95% Cl —4.69 to —4.43) compared to 2.22 cm
(95% CI —2.36 to —2.09) in the control group (P<.001). In
addition, the ratio of TG/HDL was significantly reduced in the
intervention group in contrast to theincrease seen in the control
group (mean —-0.21, 95% CI —0.30 to —0.12 vs mean 0.21, 95%
Cl 0.12-0.29; P=.04).

The proportion of participants, by treatment group, meeting
specific thresholds are shown in Figure 3. At 6 months, 35.3%
(48/136) of the intervention group had achieved at least a 5%
weight loss compared to 8.3% (13/156) of controls (Figure 3A).
Among those who were prediabetic by fasting glucose at
baseline, 40.5% (49/121) of intervention participants had
achieved anormal fasting glucose compared to 17.7% (26/147)
of controls (Figure 3B). Among participants who had metabolic

Block et al

syndrome at baseline, 46.5% (40/86) of thosein theintervention
group no longer had metabolic syndrome at 6 months compared
with 20.0% (22/110) of controls (Figure 3C). BMI wasreduced

by at least 1 kg/m?in 44.9% (61/136) of intervention participants
compared with 18.6% (29/156) of control participants (Figure
3D). All these differences between the intervention and control
groups were significant at P<.001.

There was a significantly greater reduction in Framingham
8-year diabetesrisk in the intervention versusthe control group
(P<.001) in the ITT sample (Figure 4). In both groups, the
baseline diabetes risk was 16%. At 6 months, it was 11.00%
(95% CI 10.08-11.92) in the intervention group and 14.59%
(95% CI 13.64-15.54) in the control group.

Figure3. Proportion achieving secondary endpoint thresholds at 6 months. Error bars not shown because all differences between control and intervention
were P<.001. A: Percentage with 25% weight loss (complete data: n=156 control, n=136 intervention). B: Percentage who moved to normal fasting
glucose (from =100 mg/dL to <100 mg/dL) (denominator: n=150 control, n=126 intervention). C: Percentage who moved from having metabolic

syndrome to not having metabolic syndrome (denominator: n=110 control, n=86 intervention). D: Percentage whose BMI decreased by 1 kg/m2

(denominator: n=156 control, n=136 intervention).
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Case Report on Participantsin the Diabetic Range by
Fasting Glucose

Alive-PD was designed to assist persons with prediabetes.
However, lifestyle behavior change is aso an essentia
intervention for personswho are newly diagnosed with diabetes.
Thus, information about results in the 8 participants in our
sample who had a fasting glucose in the diabetes range at
baselineis of interest (they were all cleared by their physicians
for participation in the study). Of the 5 in the intervention group,
one had adecreasein fasting glucose to the normal range (<100
mg/dL) and the other 4 had a decrease in fasting glucose to the
prediabetic range (<126 mg/dL) after the 6-month intervention
period. None of the 3 participants in the control group had
decreasesin glucose outside of the diabetic range.

Process M easures and Other Behaviors

We assessed program participation by evaluating the points
each participant earned through interacting with the program
components each week and by ng the participants weekly
goa setting behaviors. Participation in the online Alive-PD
program features was high. Intervention participants (ITT
population, n=163) set behavioral goals or otherwiseinteracted
with the online Alive-PD program in amedian of 17 (IQR 14)
of the 24 weeks (70.8% of the weeks). In all, 87.1% (142/163)
interacted with the program in 4 or more of the 24 weeks and
70.6% (115/163) were till interacting with the program in the
last month of the 6-month period. Participants accomplished a
median of 35 goals (IQR 107) in the 24-week period or
approximately 1.5 goals per week. Intervention participants
reported that they spent approximately 15 minutes interacting
with the program in atypical week.

The intervention group experienced significant improvements
in self-reported physical activity, dietary habits, sleep, fatigue,
and self-confidence relative to the control group (P<.001) (data
not shown). A more detailed analysis of changes in physical
activity, diet, self-confidence, and other psychosocia factors
will be reported el sawhere.

Discussion

In thisrandomized controlled trial, the fully automated Alive-PD
program was effective in improving glycemic control and body
weight, and in reducing 8-year diabetes risk. In ITT analyses,
the intervention group achieved reductions in fasting glucose
of -41 mmol/L (—7.36 mg/dL) and in HbA . of -0.26% (-3
mmol/mol), both statistically significantly superior to changes
inthe control group. In addition, intervention group participants
lost a mean 3.26 kg over 6 months, in ITT analyses, and 35%
of theintervention group lost 5% or more of initial body weight,
both significantly superior to the control group.

Previous Research on Weight Lossin Diabetes
Prevention or Weight L oss Programs

Numerous reviews of weight loss or trandlational diabetes
prevention programs have been conducted [9,12,35-42] covering
arange of delivery methods. Interventions using in-person or
group approaches have achieved average weight losses of
approximately 3% to 4% in reviews and meta-analyses [9,37],
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although some individual studies have reached weight losses
of more than 6% in the intervention group [6,43].

For wider reach, however, many interventions have combined
coaches with some form of technology. In a 2015 review of 16
studies of technology-assisted programs for weight loss in
primary care, Levine et al [12] found a median weight loss of
-2.7 kg in intervention groups of 12 programs that combined
human with technological methods. Ali et al [9] found a mean
loss of 4.2% of body weight in electronic media-assisted
programs.

Interventions delivered entirely by electronic media, primarily
for weight loss, have also been reviewed. Hartmann-Boyce et
al [13] conducted a meta-analysis of 23 randomized trials of
“self-help interventions’ for weight lossin overweight or obese
adults. Programs were not eligible for inclusion if they used
any form of person-to-person assistance by counselorsor health
professionals. The analysis found a mean difference between
intervention and comparison groups of -1.85 kg (95% CI -2.86
to -0.83) a 6 months. Three programs using eHealth
technologies that were not included in the Hartmann-Boyce
review were found by Hutchesson et a [14] to have a mean
difference of -1.5 kg. Three other fully automated studies from
the Levine review [12] found a mean weight loss in the
intervention group of 2.5 kg. One recent trial not included in
previous reviews [44] was fully automated with the exception
of a 60-minute baseline visit at which participants were given
weight loss, calorie and physical activity goals, and taught
behavioral skills. A weight loss of 5.4 kg was observed at 6
months.

The effect of Internet-based interventions on change in waist
circumference has also been examined in a meta-analysis. Seo
and Niu [45] found a mean change of -2.99 cm (95% CI -3.68
to —2.30).

Previous Research on the Effect of Fully Automated
Programson Glycemic Markers

With few exceptions, most studies of diabetes prevention or
weight loss interventions using fully automated programs have
not measured or reported on changesin glycemic markers. One
review found “minimal” changes in glycemic markers across
the reviewed studies, with a median change in fasting glucose
of -0.2 mmol/L [37] and another found a mean change of -0.1
mmol/L [38]. For HbA ., Dunkley et a [38] found pooled
changes of -0.13% and Johnson et a [37] found amedian change
of -0.05%.

The treatment effects for Turnaround Health's Alive-PD
program are consistent with and, in most cases, somewhat larger
than the results summarized in the preceding meta-analyses.
This is true for weight loss (-3.26 kg), percent weight loss
(—3.60%), waist circumference (—4.56 cm), and the glycemic
markers HbA ;. (—0.26%) and fasting glucose (—0.41 mmol/L),

alinITT analyses.

The Diabetes Prevention Recognition Program

The Centersfor Disease Control and Prevention (CDC) Diabetes
Prevention Recognition Program (DPRP) is intended to
recognize organi zations that have demonstrated their ability to
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deliver aproven type 2 diabetes prevention lifestyleintervention
[46]. The CDC recently updated the requirementsfor recognition
to include programs delivered “virtually” provided they meet
other criteria. Turnaround Health’s Alive-PD programis listed
on the CDC website [47]. As of August 1, 2015, it is the only
such program with evidence of effectivenessfrom arandomized
controlled trial and the only study with ITT analysis.

Features Promoting Effectiveness

A number of authors have attempted to identify or summarize
what features of a behavioral intervention may be associated
with its effectiveness [40,42,48]. The following have all been
identified as contributors to effectiveness. goal setting,
self-monitoring, tailoring and tailored feedback, reminders,
socia support, and a structured program employing behavior
change principles. Khaylis et a [48] also listed feedback by a
counselor as an important feature, but noted that
computer-automated email feedback has been as effective as
human email counseling in at |east one study. With the exception
of human counseling, all these features are incorporated into
the Alive-PD program. In addition, Alive-PD added some
gamification features, such asapoints system, team competition,
and monetary rewards, to enhance engagement and retention.

Research is underway to explore which features of Alive-PD
may be moreimportant or beneficial. Although all participants
were exposed to al these components (goal setting, messaging,
etc), different participants engaged in them to different extents.
For example, 38.7% (63/163) never logged their weight or
physical activity, whereas 12.3% (20/163) logged their weight
or activity in 21 or more of the 24 weeks. Mediation analyses
are underway. However, it is worth noting that participants are
individualswith varying interests and motivations. Some people
appreciate being on a team whereas others didlike it and the
same can be said of other components. Alive-PD was
intentionally designed to provide an array of components to
engage the widest range of different interests, learning styles,
and available time.

In addition to the potential role of features of an intervention,
it isalso of considerableinterest to explore what behaviors and
specific changes contributed to the study outcomes. Recent
literature has discussed the relative roles of types of
macronutrients (fats vs carbohydrates), physical activity, and
weight loss [49-51]. The Alive-PD program promoted, and
achieved, increases in physical activity, reductions in refined
carbohydrates, reductions in saturated and trans fats, and
increases in fruits and vegetables. Changes in specific foods
were also encouraged, such as nuts, legumes, and olive oil.
Participants in the intervention group undertook these changes
to varying degrees. In future analyses, we will examine the
effect of these variations on changes in glycemic markers and
weight. For example, therewasasignificant reductionin HbA .,
even among those who did not achieve 5% weight loss. We
plan to explore factors that contributed to glycemic
improvements in the absence of major weight loss.

Limitations

The fully automated nature of the Alive-PD program is both a
strength and alimitation. Some people need and respond better
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to human interaction and support, and effect sizes might be
greater if combined with human support. In addition, because
the intervention is delivered by email, Internet, and mobile
phone, it may have limited reach for those who do not have
Internet access or who are not technologically proficient.
Although its reach is somewhat limited in that respect, 87% of
American adults used the Internet as of 2014, including more
than 80% of African Americans and Hispanics [52]. These
technologies are nearly ubiquitous in society and allow for
convenient program access at home or through mobile devices.
At the same time, the fully automated characteristic of the
program is beneficia for several reasons. There is a guarantee
of 100% fidelity to the design and content in future
administrations and enhancements can be readily incorporated.
Becauseit is fully automated, this commercial program can be
delivered at low cost and with wide reach. Additionally,
organizations using it would require no or minimal staff.

Although the Alive-PD program providesa1-year intervention,
the randomized trial analysis was for only a 6-month period.
This was due to initia funding limitations and the desire to
enhance enrollment of these persons at high risk of developing
diabetes by assuring them that they would be given access to
the active program in a reasonable period of time. It will be
important to follow study participantsfor afull year to determine
whether the trends seen in Figure 2 are maintained.

Study participantswere relatively well educated and two-thirds
were non-Hispanic white. Thus, the generalizability to less
educated individuals and those of race/ethnic minority groups
remains to be investigated. However, it is notable that the
subgroup with postgraduate or professional degrees achieved
less improvement in glycemic markers than those with lower
educational levels (data not shown.) The sample did include a
substantial number of Asians (21% of the study cohort)
including South Asians, a group for which type 2 diabetes is
especially common. Although analysesindicated no significant
differences in treatment effects by ethnicity, more research is
needed to confirm effectiveness in minority groups.

Clinical Relevance

Thedecreasein fasting glucosein theintervention group (-7.36
mg/dL or —-0.41 mmol/L) was clinically meaningful and
substantial. The decrease in HbA,, was modest (-0.26% or
—2.81 mmol/mol in the ITT analysis and —0.32% or -3.5
mmol/mol in those prediabetic by HbA,.), but significantly
greater than in controls. We note that baseline levels of HbA
were low in the study cohort. Indeed, mean HbA . at baseline
wasin the normal range and only 45% were prediabetic by the
HbA . definition. As a result, the magnitude of the average
treatment effect was not aslarge as might be expected in patients
with higher values in the prediabetic range or in those with
diabetes. Weight loss was 4% of baseline weight among those
prediabetic by HbA . (Table 2) and increased with increasing
participation in the program and higher baseline weight (data
not shown). As noted, the primary objective was to lower
glycemic markers, a direct measure of reduced diabetes risk,
and this appears to have been achieved despite the relatively
modest weight loss. The Alive-PD group’s decreasesin HbA ;.
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and fasting glucose were greater than those seen in the Diabetes
Prevention Program [5] Lifestyle group at 6 months (HbA .
-0.26% vs-0.09%; fasting glucose: -7.36 mg/dL vs4.59 mg/dL,
respectively), despite the fact that the Alive-PD group’sweight
loss was not as great as that seen in DPP (3.26 kg vs -6.5 k)
[5].

More than two-thirds of enrollees were male, a different sex
distribution thanisusually seenin health interventions (the DPP
had 68% female participants) [5]. The electronic format may
have had more appeal for men than a series of group or personal
interactions. There was not a significant interaction between
sex and treatment effect, and treatment effects were not
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significantly different by sex for HbA,, fasting glucose, or
weight.

Summary

In summary, Alive-PD was effective in improving markers of
glycemic control and body weight in patients with prediabetes.
As noted by Cefalu et a [4], the driving force behind the
increased economic burden of diabetesisincreased prevalence.
Therefore, engaging as many as possible of the nation’s 86
million adults with prediabetes with a variety of cost-effective
interventions is an urgent priority. Effective fully automated
technol ogies such as Alive-PD represent one of those strategies,

with the potentia of serving large numbers of persons at risk
of progression to diabetes.

Acknowledgments

Research reported in this publication was supported by the National Institute of Nursing Research of the Nationa Institutes of
Health under Award Number R44NR012617. The content is solely the responsibility of the authors and does not necessarily
represent the official views of the National Institutes of Health.

Authors Contributions

GB designed and led the study. KA was principal investigator of the Palo Alto Medical Foundation Research Institute subaward
for the clinical component and RJR was coinvestigator of the subaward. GB, KA, and RJR cowrote the manuscript and TJB,
CHB, LP, and MD contributed to the writing of the manuscript. TJB, GB, CHB, and HAC designed and implemented the Alive-PD
program. DH conducted and led the systems engineering. GB and RJR conducted the analyses and MLH reviewed the analyses.
MD researched data and contributed to program implementation.

Conflictsof Interest

GB, CHB, and TJB are the owners of Turnaround Health and NutritionQuest, the developers of Alive-PD. KA, RJR, LP, MD,
DH, HAC, and MLH have no conflicts of interest.

Multimedia Appendix 1
CONSORT-EHEALTH checklist.

[PDE File (Adobe PDF File), 2MB-Multimedia Appendix 1]

Multimedia Appendix 2
Powerpoint presentation with screenshots of Alive-PD.

[PPT File (Microsoft PowerPoint Presentation), 4MB-Multimedia Appendix 2]

References

1.  American Diabetes Association. 2014 Jun 10. Statistics About Diabetes URL: http://www.diabetes.org/diabetes-basics/
statistics/ [accessed 2015-06-29] [WebCite Cache |ID 6ZeY rQpSD]

2. Tabak AG, Herder C, Rathmann W, Brunner E, Kiviméaki M. Prediabetes: ahigh-risk state for diabetes devel opment. Lancet
2012 Jun 16;379(9833):2279-2290 [FREE Full text] [doi: 10.1016/S0140-6736(12)60283-9] [Medline: 22683128]

3. Ddl TM, Yang W, Halder P, Pang B, Massoudi M, Wintfeld N, et al. The economic burden of elevated blood glucose
levelsin 2012: diagnosed and undiagnosed diabetes, gestational diabetes mellitus, and prediabetes. Diabetes Care 2014
Dec;37(12):3172-3179. [doi: 10.2337/dc14-1036] [Medline: 25414388]

4.  Cefalu W, Petersen M, Ratner R. The alarming and rising costs of diabetes and prediabetes: a call for action!. Diabetes
Care 2014 Dec;37(12):3137-3138. [doi: 10.2337/dc14-2329] [Medline: 25414386]

5. 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]

6.  Ackermann RT, Finch EA, Brizendine E, Zhou H, Marrero DG. Trand ating the Diabetes Prevention Program into the
community. The DEPLOY Pilot Study. Am J Prev Med 2008 Oct;35(4):357-363 [FREE Full text] [doi:
10.1016/j.amepre.2008.06.035] [Medline: 18779029]

http://www.jmir.org/2015/10/e240/ JMed Internet Res 2015 | vol. 17 | iss. 10 | €240 | p. 11

(page number not for citation purposes)


https://jmir.org/api/download?alt_name=jmir_v17i10e240_app1.pdf&filename=90e0665418a34c06cc1158f03527b7ec.pdf
https://jmir.org/api/download?alt_name=jmir_v17i10e240_app1.pdf&filename=90e0665418a34c06cc1158f03527b7ec.pdf
https://jmir.org/api/download?alt_name=jmir_v17i10e240_app2.ppt&filename=a708e373a06db2aed8b058aeb3bb178d.ppt
https://jmir.org/api/download?alt_name=jmir_v17i10e240_app2.ppt&filename=a708e373a06db2aed8b058aeb3bb178d.ppt
http://www.diabetes.org/diabetes-basics/statistics/
http://www.diabetes.org/diabetes-basics/statistics/
http://www.webcitation.org/

                                                6ZeYrQp5D
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=22683128&dopt=Abstract
http://dx.doi.org/10.2337/dc14-1036
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25414388&dopt=Abstract
http://dx.doi.org/10.2337/dc14-2329
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25414386&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/18779029
http://dx.doi.org/10.1016/j.amepre.2008.06.035
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18779029&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Block et al

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.
21.
22.
23.
24,
25.

26.
27.

28.

29.

30.

31.

Whittemore R, Melkus G, Wagner J, DziuraJ, Northrup V, Grey M. Trandl ating the diabetes prevention program to primary
care: apilot study. Nurs Res 2009;58(1):2-12 [FREE Full text] [doi: 10.1097/NNR.0b013e31818fcef3] [Medline: 19092550]
Davis-Smith Y, Davis-Smith M, Boltri JM, Seale JP, Shellenberger S, Blalock T, et al. Implementing a diabetes prevention
program in arura African-American church. JNatl Med Assoc 2007 Apr;99(4):440-446. [Medline: 17444435]

Ali M, Echouffo-Tcheugui J, Williamson D. How effective were lifestyle interventions in real-world settings that were
modeled on the Diabetes Prevention Program? Health Aff (Millwood) 2012 Jan;31(1):67-75 [FREE Full text] [doi:
10.1377/hithaff.2011.1009] [Medline: 22232096]

Lawlor M, Blackwell C, Isom S, Katula JA, VitolinsMZ, Morgan TM, et a. Cost of a group translation of the Diabetes
Prevention Program: Healthy Living Partnershipsto Prevent Diabetes. Am J Prev Med 2013 Apr;44(4 Suppl 4):S381-S389
[FREE Full text] [doi: 10.1016/j.amepre.2012.12.016] [Medline: 23498303]

Vojta D, Koehler TB, Longjohn M, Lever JA, Caputo NF. A coordinated national model for diabetes prevention: linking
health systems to an evidence-based community program. Am JPrev Med 2013 Apr;44(4 Suppl 4):S301-S306. [doi:
10.1016/j.amepre.2012.12.018] [Medline: 23498291]

Levine DM, Savarimuthu S, Squires A, Nicholson J, Jay M. Technology-assisted weight loss interventionsin primary care:
asystematic review. J Gen Intern Med 2015 Jan;30(1):107-117. [doi: 10.1007/s11606-014-2987-6] [Medline: 25134692]
Hartmann-Boyce J, Jebb S, Fletcher B, Aveyard P. Self-help for weight loss in overweight and obese adults: systematic
review and meta-analysis. Am J Public Health 2015 Mar;105(3):e43-e57. [doi: 10.2105/AJPH.2014.302389] [Medline:
25602873]

Hutchesson M, Rollo M, Krukowski R, EllsL, Harvey J, Morgan PJ, et al. eHealth interventions for the prevention and
treatment of overweight and obesity in adults: a systematic review with meta-analysis. Obes Rev 2015 May;16(5):376-392.
[doi: 10.1111/0br.12268] [Medline: 25753009]

McLaughlin T, Reaven G, Abbasi F, Lamendola C, Saad M, WatersD, et a. |sthere asimple way to identify insulin-resistant
individuals at increased risk of cardiovascular disease? Am J Cardiol 2005 Aug 1;96(3):399-404. [doi:
10.1016/j.amjcard.2005.03.085] [Medline: 16054467]

Alberti KG, Eckel RH, Grundy SM, Zimmet PZ, Cleeman JI, Donato KA, International Diabetes Federation Task Force
on EpidemiologyPrevention, National Heart, Lung, and Blood Institute, International Association for the Study of Obesity.
Harmonizing the metabolic syndrome: ajoint interim statement of the International Diabetes Federation Task Force on
Epidemiology and Prevention; National Heart, Lung, and Blood Ingtitute; American Heart Association; World Heart
Federation; International Atherosclerosis Society; and International Association for the Study of Obesity. Circulation 2009
Oct 20;120(16):1640-1645 [FREE Full text] [doi: 10.1161/CIRCULATIONAHA.109.192644] [Medline: 19805654]
Framingham Heart Study. 2015. Diabetes Risk Score URL: http://www.framinghamheartstudy.org/risk-functions/diabetes/
index.php [accessed 2015-10-18] [WebCite Cache ID 6cNadOtXF]

DavisNJ, Tomuta N, Schechter C, Isasi CR, Segal-1saacson CJ, Stein D, et al. Comparative study of the effects of a 1-year
dietary intervention of alow-carbohydrate diet versus alow-fat diet on weight and glycemic control in type 2 diabetes.
Diabetes Care 2009 Jul;32(7):1147-1152 [FREE Full text] [doi: 10.2337/dc08-2108] [Medline: 19366978]

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]

Hsu W, Araneta MR, Kanaya A, Chiang J, Fujimoto W. BMI cut points to identify at-risk Asian Americans for type 2
diabetes screening. Diabetes Care 2015 Jan;38(1):150-158. [doi: 10.2337/dc14-2391] [Medline: 25538311]

Centers for Disease Control and Prevention. 2015. The CDC Diabetes Prevention Program (CDC DPP) Curriculum URL:
http://www.cdc.gov/diabetes/preventi on/recognition/curriculum.htm [accessed 2015-06-29] [WebCite Cache | D 6ZeZBvypB]
Duhigg C. Power of Habit: Why We Do What We Do, and How to Change. London: Heinemann Educational Books; 2012.
Hull CL. Essentials of Behavior. New Haven: Yale University Press; 1951.

Dickinson A. Actions and habits: the development of behavioural autonomy. Phil Trans R Soc Lond B 1985 Feb
13;308(1135):67-78. [doi: 10.1098/rsth.1985.0010]

Fogg GJ. Stanford Persuasive Tech Lab. 2014. URL : https://captology.stanford.edu/ [accessed 2015-06-29] [WebCite
Cache ID 6ZeZ3Rnou]

Wansink B. Mindless Eating: Why We Eat More Than We Think. New York: Bantam; 2006.

Brownell K, Marlatt G, Lichtenstein E, Wilson G. Understanding and preventing rel apse. Am Psychol 1986 Jul;41(7):765-782.
[Medline: 3527003]

Beck J. The Complete Beck Diet for Life: The 5-Stage Program for Permanent Weight L oss. Birmingham, AL: Oxmoor
House; 2008.

Ajzen|. Thetheory of planned behavior. Organizational Behavior and Human Decision Processes 1991 Dec;50(2):179-211.
[doi: 10.1016/0749-5978(91)90020-T]

Heshmat S. Eating Behavior and Obesity: Behavioral Economics Strategies for Health Professionals. New York: Springer
Publishing Company; 2011.

Cornum R, Matthews M, Seligman ME. Comprehensive soldier fitness: building resilience in a challenging institutional
context. Am Psychol 2011 Jan;66(1):4-9. [doi: 10.1037/a0021420] [Medline: 21219042]

http://www.jmir.org/2015/10/e240/ JMed Internet Res 2015 | vol. 17 | iss. 10 | €240 | p. 12

(page number not for citation purposes)


http://europepmc.org/abstract/MED/19092550
http://dx.doi.org/10.1097/NNR.0b013e31818fcef3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19092550&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17444435&dopt=Abstract
http://content.healthaffairs.org/cgi/pmidlookup?view=long&pmid=22232096
http://dx.doi.org/10.1377/hlthaff.2011.1009
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22232096&dopt=Abstract
http://europepmc.org/abstract/MED/23498303
http://dx.doi.org/10.1016/j.amepre.2012.12.016
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23498303&dopt=Abstract
http://dx.doi.org/10.1016/j.amepre.2012.12.018
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23498291&dopt=Abstract
http://dx.doi.org/10.1007/s11606-014-2987-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25134692&dopt=Abstract
http://dx.doi.org/10.2105/AJPH.2014.302389
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25602873&dopt=Abstract
http://dx.doi.org/10.1111/obr.12268
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25753009&dopt=Abstract
http://dx.doi.org/10.1016/j.amjcard.2005.03.085
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16054467&dopt=Abstract
http://circ.ahajournals.org/cgi/pmidlookup?view=long&pmid=19805654
http://dx.doi.org/10.1161/CIRCULATIONAHA.109.192644
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19805654&dopt=Abstract
http://www.framinghamheartstudy.org/risk-functions/diabetes/index.php
http://www.framinghamheartstudy.org/risk-functions/diabetes/index.php
http://www.webcitation.org/

                                                6cNad0tXF
http://europepmc.org/abstract/MED/19366978
http://dx.doi.org/10.2337/dc08-2108
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19366978&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
http://dx.doi.org/10.2337/dc14-2391
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25538311&dopt=Abstract
http://www.cdc.gov/diabetes/prevention/recognition/curriculum.htm
http://www.webcitation.org/

                                                6ZeZBvypB
http://dx.doi.org/10.1098/rstb.1985.0010
https://captology.stanford.edu/
http://www.webcitation.org/

                                                6ZeZ3Rnou
http://www.webcitation.org/

                                                6ZeZ3Rnou
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=3527003&dopt=Abstract
http://dx.doi.org/10.1016/0749-5978(91)90020-T
http://dx.doi.org/10.1037/a0021420
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21219042&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Block et al

32.

33.

35.

36.

37.

38.

39.

40.

41.

42.

43.

45,

46.

47.

48.

49,

50.

51.

52.

Seligman ME, Railton P, Baumeister RF, Sripada C. Navigating into the future or driven by the past. Perspect Psychol Sci
2013 Mar;8(2):119-141. [doi: 10.1177/1745691612474317] [Medline: 26172493]

Heckman J. The common structure of statistical models of truncated, sample selection and limited dependent variables,
and asimple estimator of such models. In: Annals of Economic and Social Measurement, Volume 5, number 4. Cambridge,
MA: The National Bureau of Economic Research; 1976:475-492.

Allison P. Paper 312-. 2012. Handling Missing Data by Maximum Likelihood URL : http://wwuwv.stati stical horizons.com/
wp-content/uploads/MissingDataByM L .pdf [accessed 2015-10-18] [WebCite Cache ID 6cNhOD2Wr]

Whittemore R. A systematic review of the translational research on the Diabetes Prevention Program. Transl Behav Med
2011 Sep;1(3):480-491 [FREE Full text] [doi: 10.1007/s13142-011-0062-y] [Medline: 24073067]

NorrisSL, Zhang X, Avendll A, Gregg E, Bowman B, Schmid CH, et al. Long-term effectiveness of weight-lossinterventions
in adults with pre-diabetes: areview. Am J Prev Med 2005 Jan;28(1):126-139. [doi: 10.1016/j.amepre.2004.08.006]
[Medline: 15626569]

Johnson M, Jones R, Freeman C, Woods HB, Gillett M, Goyder E, et al. Can diabetes prevention programmes be trand ated
effectively into real-world settings and still deliver improved outcomes? A synthesis of evidence. Diabet Med 2013
Jan;30(1):3-15 [FREE Full text] [doi: 10.1111/dme.12018] [Medline: 22998334]

Dunkley AJ, Bodicoat DH, Greaves CJ, Russell C, Yates T, Davies MJ, et a. Diabetes prevention in the real world:
effectiveness of pragmatic lifestyle interventions for the prevention of type 2 diabetes and of the impact of adherence to
guideline recommendations: a systematic review and meta-analysis. Diabetes Care 2014 Apr;37(4):922-933. [doi:
10.2337/dc13-2195] [Medline: 24652723]

McTigue KM, Conroy MB. Use of the internet in the treatment of obesity and prevention of type 2 diabetesin primary
care. Proc Nutr Soc 2013 Feb;72(1):98-108. [doi: 10.1017/S0029665112002777] [Medline: 23098133]

Neve M, Morgan PJ, Jones PR, Collins CE. Effectiveness of web-based interventions in achieving weight loss and weight
loss maintenancein overweight and obese adults: a systematic review with meta-analysis. Obes Rev 2010 Apr;11(4):306-321.
[doi: 10.1111/j.1467-789X.2009.00646.x] [Medline: 19754633]

Allen J, Stephens J, Patel A. Technology-assisted weight management interventions: systematic review of clinical trials.
Telemed J E Health 2014 Dec;20(12):1103-1120. [doi: 10.1089/tmj.2014.0030] [Medline: 25409001]

Tang J, Abraham C, Greaves C, Yates T. Self-directed interventionsto promote weight loss: asystematic review of reviews.
JMed Internet Res 2014;16(2):e58 [FREE Full text] [doi: 10.2196/jmir.2857] [Medline: 24554464]

MaJ, Yank V, Xiao L, Lavori PW, Wilson SR, Rosas LG, et al. Trandating the Diabetes Prevention Program lifestyle
intervention for weight lossinto primary care: arandomized trial. JAMA Intern Med 2013 Jan 28;173(2):113-121 [FREE
Full text] [doi: 10.1001/2013.jamainternmed.987] [Medline: 23229846]

Thomas JG, Leahey TM, Wing RR. An automated internet behavioral weight-lossprogram by physician referral: arandomized
controlled trial. Diabetes Care 2015 Jan;38(1):9-15. [doi: 10.2337/dc14-1474] [Medline: 25404659]

Seo D, Niu J. Evaluation of Internet-based interventions on waist circumference reduction: ameta-analysis. JMed Internet
Res 2015;17(7):e181 [FREE Full text] [doi: 10.2196/jmir.3921] [Medline: 26199208]

Centers for Disease Control and Prevention. 2015. Diabetes Prevention Recognition Program Standards and Operating
Procedures URL : http://www.cdc.gov/diabetes/preventi on/recognition/standards.htm [accessed 2015-10-18] [WebCite
Cache ID 6cNoRsg37]

Centers for Disease Control and Prevention. 2015. Registry of Recognized Programs, Virtual, Online or Combination of
In-person/Online Programs URL : https://nccd.cdc.gov/DDT_DPRP/Reqgistry.aspx [accessed 2015-08-04] [WebCite Cache
ID 6aXdCnzHn]

Khaylis A, Yiadas T, Bergstrom J, Gore-Felton C. A review of efficacious technology-based wei ght-loss interventions:
five key components. Telemed JE Health 2010 Nov;16(9):931-938 [ FREE Full text] [doi: 10.1089/tmj.2010.0065] [Medline:
21091286]

Winett R, Davy B, Marinik E, Savla J, Winett SG, Phillips SM, et al. Developing a new treatment paradigm for disease
prevention and healthy aging. Trand Behav Med 2014 Mar;4(1):117-123 [FREE Full text] [doi: 10.1007/s13142-013-0225-0]
[Medline: 24653782]

Salas-Salvado J, Martinez-Gonzalez MA, Bullo M, RosE. Therole of diet in the prevention of type 2 diabetes. Nutr Metab
Cardiovasc Dis 2011 Sep;21 Suppl 2:B32-B48. [doi: 10.1016/j.numecd.2011.03.009] [Medline: 21745730]

Ristrus U, Willett W, Hu F. Dietary fats and prevention of type 2 diabetes. Prog Lipid Res 2009 Jan;48(1):44-51 [FREE
Full text] [doi: 10.1016/].plipres.2008.10.002] [Medline: 19032965]

Fox S, Rainie L. Pew Research Center. 2014 Feb 27. The Web at 25 in the US URL: http://www.pewinternet.org/2014/02/
27/the-web-at-25-in-the-u-s/ [accessed 2015-06-29] [WebCite Cache ID 6ZehHIWHV]

Abbreviations

BMI: body massindex
CDC: Centersfor Disease Control and Prevention
DPP: Diabetes Prevention Program

http://www.jmir.org/2015/10/e240/ JMed Internet Res 2015 | vol. 17 |iss. 10| €240 | p. 13

(page number not for citation purposes)


http://dx.doi.org/10.1177/1745691612474317
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26172493&dopt=Abstract
http://www.statisticalhorizons.com/wp-content/uploads/MissingDataByML.pdf
http://www.statisticalhorizons.com/wp-content/uploads/MissingDataByML.pdf
http://www.webcitation.org/

                                                6cNh0D2Wr
http://europepmc.org/abstract/MED/24073067
http://dx.doi.org/10.1007/s13142-011-0062-y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24073067&dopt=Abstract
http://dx.doi.org/10.1016/j.amepre.2004.08.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15626569&dopt=Abstract
http://dx.doi.org/10.1111/dme.12018
http://dx.doi.org/10.1111/dme.12018
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22998334&dopt=Abstract
http://dx.doi.org/10.2337/dc13-2195
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24652723&dopt=Abstract
http://dx.doi.org/10.1017/S0029665112002777
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23098133&dopt=Abstract
http://dx.doi.org/10.1111/j.1467-789X.2009.00646.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19754633&dopt=Abstract
http://dx.doi.org/10.1089/tmj.2014.0030
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25409001&dopt=Abstract
http://www.jmir.org/2014/2/e58/
http://dx.doi.org/10.2196/jmir.2857
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24554464&dopt=Abstract
http://europepmc.org/abstract/MED/23229846
http://europepmc.org/abstract/MED/23229846
http://dx.doi.org/10.1001/2013.jamainternmed.987
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23229846&dopt=Abstract
http://dx.doi.org/10.2337/dc14-1474
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25404659&dopt=Abstract
http://www.jmir.org/2015/7/e181/
http://dx.doi.org/10.2196/jmir.3921
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26199208&dopt=Abstract
http://www.cdc.gov/diabetes/prevention/recognition/standards.htm
http://www.webcitation.org/

                                                6cNoRsg3z
http://www.webcitation.org/

                                                6cNoRsg3z
https://nccd.cdc.gov/DDT_DPRP/Registry.aspx
http://www.webcitation.org/

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

                                                6aXdCnzHn
http://europepmc.org/abstract/MED/21091286
http://dx.doi.org/10.1089/tmj.2010.0065
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21091286&dopt=Abstract
http://europepmc.org/abstract/MED/24653782
http://dx.doi.org/10.1007/s13142-013-0225-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24653782&dopt=Abstract
http://dx.doi.org/10.1016/j.numecd.2011.03.009
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21745730&dopt=Abstract
http://europepmc.org/abstract/MED/19032965
http://europepmc.org/abstract/MED/19032965
http://dx.doi.org/10.1016/j.plipres.2008.10.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19032965&dopt=Abstract
http://www.pewinternet.org/2014/02/27/the-web-at-25-in-the-u-s/
http://www.pewinternet.org/2014/02/27/the-web-at-25-in-the-u-s/
http://www.webcitation.org/

                                                6ZehHJWHV
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Block et al

DPRP: Diabetes Prevention Recognition Program
HDL: high-density lipoprotein

ITT: intention-to-treat

IVR: interactive voice response

PAMF: Palo Alto Medical Foundation

TG: triglyceride
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