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Abstract

Introduction—Mobile phone technology may be a cost-effective and convenient way to deliver
proven weight-loss interventions and thereby prevent or delay onset of type 2 diabetes. The
purpose of this study was to examine the feasibility and efficacy of a diabetes prevention
intervention combined with a mobile app and pedometer in English-speaking overweight adults at
risk for type 2 diabetes.

Design—RCT.

Participants—RParticipants included 61 overweight adults with a mean age (SD) of 55.2 (9.0)
years. Seventy-seven percent were women, 48% were racial/ethnic minorities, and baseline BMI
was 33.3 (6.0).

Intervention—The curriculum was adapted from the Diabetes Prevention Program, with the
frequency of in-person sessions reduced from 16 to six sessions and group exercise sessions
replaced by a home-based exercise program. A study-developed mobile phone app and pedometer
augmented the intervention and provided self-monitoring tools.

Main outcome measure—Weight loss.

Results—Data were collected in 2012 and 2013 and were analyzed in 2014. In intention-to-treat
analyses, the intervention group (n=30) lost an average of 6.2 (5.9) kg (-6.8% [5.7%]) between
baseline and 5-month follow-up compared to the control group’s (n=31) gain of 0.3 (3.0) kg (0.3%
[5.7%]) (p<0.001). The intervention group’s steps per day increased by 2,551 (4,712) compared to
the control group’s decrease of 734 (3,308) steps per day (p<0.001). In comparison, the
intervention group had greater reductions in hip circumference (p<0.001); blood pressure
(p<0.05); and intake of saturated fat (p=0.007) and sugar-sweetened beverages (p=0.02). The
intervention had no significant effect on fasting lipid or glucose levels.
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Conclusions—The significant weight loss resulting from this modified combined mobile app
and pedometer intervention for overweight adults warrants further investigation in a larger trial.

Introduction

Methods

Obesity is an independent and modifiable risk factor for developing type 2 diabetes. Given
the worldwide epidemic of obesity and diabetes, prevention of these conditions is a public
heath priority. Lifestyle modification programs that result in modest weight loss (5%-10%)
by increasing physical activity and reducing caloric and fat intake have been shown to be
effective in preventing or delaying the onset of type 2 diabetes.1~3 However, these labor-
intensive programs have been expensive to implement and sustain over longer periods of
time in clinical and community settings.*

One way to reduce the costs of such programs is to utilize digital technology, such as
smartphones and mobile apps, which are popular channels of communication worldwide.
Approximately 90% of adults in the U.S. already own a mobile phone, and 58% own a
smartphone.® Use of smartphones and mobile apps has grown exponentially,® particularly
among middle and older age groups and racial/ethnic minorities. These populations are also
disproportionately impacted by obesity and type 2 diabetes. Utilizing these communication
technologies for the delivery of diabetes prevention interventions has the potential to reduce
not only costs but also the time and transportation barriers of traditional programs, thereby
reaching a larger segment of the target population.

Despite the potential of smartphones and mobile apps and growing interest in their
utilization among the public and researchers, relatively few randomized controlled clinical
trials (RCTs) have been published that examine the efficacy of these technologies.” Thus,
the aim of this RCT was to evaluate the feasibility and short-term efficacy of a diabetes
prevention intervention enhanced with a mobile phone app among overweight English-
speaking adults at risk for developing type 2 diabetes. The primary purpose of the
intervention was to assist those adults to achieve moderate weight reduction over the 5-
month study period.

This feasibility RCT with parallel groups was approved by the University of California, San
Francisco, Committee on Human Research prior to participant enroliment. All participants
provided written informed consent. Participants were recruited from May 2012 to March
2013 at primary care clinics and by posting study flyers in San Francisco and Berkeley,
California.

Initial eligibility was assessed by telephone, and final eligibility was confirmed by
laboratory testing and in-person screening at the screening/baseline visit. Inclusion criteria
were as follows: BMI 225 (BMI =23 for Asian-Pacific Islanders)®; age >35 years; high risk
for diabetes (diabetes risk test score =5 points,? fasting plasma glucose [FPG] of 100-125
mg/dL, hemoglobin Alc [HbAlc] of 5.7%-7.0%, or oral glucose tolerance test [OGTT] of
140-200 mg/dL); being physically inactive at work or during leisure time as assessed by the
Stanford Brief Activity Surveyl9; being an English speaker; and willingness to use a mobile
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phone every day if randomized to the intervention. Exclusion criteria were as follows: self-
reported diagnosis of diabetes or other disease associated with disordered glucose
metabolism (e.g., suboptimally treated thyroid disease); self-reported medical condition or
other physical problem necessitating special attention in an exercise or diet program (e.g.,
eating disorder, uncontrolled hypertension); current participation in a lifestyle modification
program or research study; cognitive impairment (screened by the Mini-Cog test)11:12;
planning a trip outside the U.S. during the 5-month study period; planning to have gastric
bypass surgery; self-reported use of antibiotics, anti-tuberculosis agents, phenytoin,
amphetamines, or prescription weight-loss drugs; known severe hearing or speech problems;
or self-report of being currently pregnant. It is important to note that both non-mabile phone
users and phone users were recruited if they met all inclusion criteria. If a participant did not
have an iPhone, one was provided for the study.

As shown in Figure 1, a total of 240 potential participants were screened for initial eligibility
by telephone, and 81 potentially qualified participants attended a screening/baseline visit,
two of whom were subsequently excluded owing to uncontrolled hypertension.

Run-In Period

A total of 79 participants were eligible to start a 2-week run-in period after completing the
screening/baseline visit. The run-in period had three purposes: (1) to screen out participants
who already had type 2 diabetes according to fasting blood test; (2) to determine if
participants were able to comply with the requirements of using the mobile phone app; and
(3) to collect baseline average daily steps (physical activity). The research team created a
run-in mobile phone app for this phase of the study. This mobile app was designed to mimic
the intervention mobile app, but without any specific content to encourage or support
behavioral changes (e.g., no goals or goal-oriented messages). During the 2-week run-in
period, all participants were asked to use the run-in mobile app daily and wear an Omron
Active Style Pro HJA-3501T pedometer (with triaxial accelerometer) on their waist from the
time they arose in the morning until the time they retired at night. Step counts were not
displayed on the pedometer during the run-in period.

Randomization

Control

Prior to the trial, the study statistician generated the random allocation sequence, and a staff
member who was not involved in the study prepared the sealed envelopes. A permuted block
randomization method with randomly selected block sizes of two and four was used, and
participants were stratified by fasting plasma glucose levels of =100 mg/dL or <100 mg/dL
measured at baseline. Using sealed envelopes, research staff randomized 61 participants who
completed the 2-week run-in period to either the 5-month diabetes prevention intervention
with mobile app and pedometer or to a pedometer-only control (allocation ratio, 1:1),
subsequently referred to as the intervention and control groups.

Participants assigned to the control group (n=31) continued using the Omron pedometer, but
the settings were changed to display the number of steps. No specific step goals were
provided. Research staff removed the run-in mobile app from the participant’s iPhone or
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collected the iPhone if one had been provided. Each control participant also received a
National Institute of Diabetes and Digestive and Kidney Diseases brochure about pre-
diabetes.13 Control participants continued to receive standard medical care and attended the
outcome assessment visits at 3 and 5 months, but did not receive any intervention.

Intervention

The intervention, called the Mobile Phone—-Based Diabetes Prevention Program (mDPP),
was modified from the original DPP curriculum? for overweight adults at risk for type 2
diabetes. The goal of the mDPP intervention was to achieve 10% body weight loss over 5
months, at a pace of 1-2 pounds per week by increasing physical activity, reducing caloric
intake, and lowering fat intake. The intervention lasted 5 months and consisted of two
delivery modes: in-person and through the mobile app. Two trained, non-medical research
staff members delivered a core curriculum consisting of six in-person sessions at
randomization and at 0.5-, 1-, 2-, 3-, and 4-month visits (Table 1). The mDPP mobile app,
developed by the research team for iOS (iPhone), was used to supplement the in-person
sessions and was intended to enhance their effect. The mobile app included electronic
diaries for self-monitoring of weight, activity, and caloric intake, with daily reminders to
enter this information. To reinforce the domains addressed in the in-person sessions, the
mobile app was also used to deliver interactive intervention content through daily messages,
video clips, and quizzes. For example, on Day 5 of Study Week 4, participants received the
following message: Have you let everyone around you know that you are trying to become
mor e active so they can help you meet your goal? If the participant responded no using the
keypad, the next screen displayed: Let others know your physical activity goal. If yeswas
selected, the screen displayed: Nice work! Responding to the daily message took 1-2
minutes.

Intervention participants (n=30) had the run-in mobile app replaced with the intervention
(mDPP) mobile app. As with control participants, the intervention group received an Omron
pedometer, but only intervention participants received the tailored diabetes prevention
program. Diet and physical activity assessments conducted at baseline and during the run-in
period were used to tailor the mDPP to each intervention participant by providing
individualized short- and long-term goals. Once research staff registered the participant’s
average daily steps during the 2-week run-in period in the intervention mobile app, it
automatically displayed individualized short-term goals with 20% increases in step counts
each week and encouragement for moderate-intensity physical activities (e.g., brisk
walking). Each intervention participant’s long-term goal was to increase and maintain their
step counts to 12,000 steps per day.14 The intervention also included goals for achieving
healthy reductions in total caloric and fat intake based on the DPP recommendations. In
addition, intervention participants were advised to reduce consumption of sugar-sweetened
beverages by replacing them with non-sweetened alternatives.

Outcome Measures

The primary outcomes were percentage change in weight and BMI from baseline to 5-month
follow-up. Secondary outcomes included other clinical indicators (hip circumference, blood
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pressure, lipid profile, and glucose levels), as well as objectively measured (via pedometer)
physical activity. Self-reported caloric intake and fat intake were assessed with the Block
Food Frequency Questionnaire.1> Although the intervention app included a calorie diary,
these data were not available for the control group, and thus were not used as a dietary
outcome measure. Additional self-report measures included the 7-Day Physical Activity
Recall (PAR)6; Self-Efficacy for Physical Activity Surveyl’; Social Support and Exercise
Survey8: Barriers to Being Active Quiz!?; and Center for Epidemiologic Studies
Depression Scale (CES-D).20

Research staff collected outcome data at baseline and 3-and 5-month follow-ups at the
research office. Participants were asked to change into a hospital gown at each outcome
assessment visit. Weight was measured with a Tanita WB-110 digital electronic scale, and
height was measured at baseline with a standard stadiometer. Hip circumference and blood
pressure were measured at each visit using standard protocols. Recorded pedometer data
were downloaded to a study computer at each visit. Pedometer data were analyzed as both
steps per day and steps per hour to account for possible differences in pedometer wearing
time between groups or over time. Data for each week were only included if the pedometer
was worn for at least 8 hours per day and at least 4 days per week. Pedometer wearing time
was calculated as the number of hours recording at least one step. The Omron Active Style
Pro HJA-350IT pedometer measures activity intensity over 60-second epochs and estimates
the METSs of activity throughout the day. Pedometer measurements were used to calculate
minutes of light (1-2 METSs); moderate (3-5 METSs); and vigorous (6—8 METS) activity.
Fasting blood was drawn to obtain lipid and glucose levels during the run-in period and at
the 5-month visit. Possible adverse events were assessed at each visit.

Statistical Analysis

A target sample size of 30 participants per group was selected to provide 80% power in two-
sided tests to detect between-group differences in change in body weight of 0.25 SD in the
planned analysis, adjusting for baseline values and accounting for correlation of baseline and
follow-up values, as well as an expected 10% loss to follow-up. Baseline differences
between groups were assessed using t tests and chi-square tests, as appropriate. Between-
group differences in primary and secondary outcomes were evaluated in intention-to-treat
analyses using linear mixed models (LMMSs). The fixed effects in each LMM included the
baseline value of the outcome of interest, group, time (3 or 5 months), and group-by-time
interaction. Random intercepts and slopes were used to account for within-subject
correlation of the repeated responses, with robust SEs as needed. Marginal adjusted means
with 95% ClIs were obtained from the LMMs. Sensitivity analyses were conducted to obtain
adjusted estimates of the effect of treatment on primary study outcomes for baseline
covariates that differed between groups at p<0.05 and to evaluate the effect of missingness.
Mediation analyses2! were conducted to determine the extent to which the effect of the
treatment group on weight loss was mediated by factors such as the change in physical
activity and dietary intake. Of the 61 participants, 53 (87%) had study-measured weights at
3 months and 56 (92%) at 5 months (Figure 1). The LMM treatment effect estimates are
consistent under the assumption that the data are missing at random, given the covariates
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and outcomes included in each model, provided the fixed and random effects are properly
specified. All analyses were conducted in 2014 using Stata, version 13.

Baseline sample characteristics are presented in Table 2. Mean participant age (SD) was
55.2 (9.0) years, 77% were female, and 48% self-identified as belonging to an ethnic
minority group. Mean BMI was 33.3 (6.0) kg/m2, mean FPG was 95.9 (7.7) mg/dL, and
30% had an FPG value =100 mg/dL. The 61 randomized participants did not differ from the
20 non-randomized participants with respect to age, BMI, past participation in a weight-loss
program, or mobile phone use. However, randomized participants were more likely than
non-randomized participants to be female (77% vs 50%, p=0.022) and were slightly more
likely to own an iPhone (49% vs 25%, p=0.058). No differences in baseline characteristics
were observed between participants in the intervention and control groups, except for the
family social support for physical activity questionnaire, on which intervention participants
had lower mean scores than control participants (p=0.02). Participant retention rate in the
intervention group was 90% at 3 months and 93% at 5 months, which did not differ
significantly from controls (84% at 3 months and 90% at 5 months) (Figure 1).

Intention-to-treat analyses indicated that intervention participants lost an average of 6.8%
(5.7%) of their body weight between baseline and 5-month follow-up, compared to a gain of
0.3% (5.7%) among controls (p<0.001) (Table 3). These changes reflected an absolute
decrease of 6.2 (5.9) kg in the intervention group relative to a slight gain of 0.3 (3.0) kg
among controls. The net difference in weight change between the groups was 6.9 kg (95%
Cl=4.6, 9.1 kg). Similarly, mean BMI decreased in the intervention group with almost no
change among controls (p<0.001). Sensitivity analyses indicated that missing data and
baseline differences in family support had no material effect on these results. The proportion
of participants who achieved the goal of losing at least 10% of their baseline body weight
was 29% (n=8) in the intervention group versus 0% in the control group (p=0.002). Forty-
three percent (n=12) of the intervention participants achieved a clinically significant weight
loss of at least 7% reduction in body weight! versus 0% of the control group participants
(p<0.001).

The intervention also led to reductions in hip circumference (p<0.001) and both systolic
(p=0.01) and diastolic (p=0.009) blood pressure, with little change observed among controls
(Table 3). Although not statistically significant in this small sample, the intervention group
had clinically meaningful?2 improvements in triglycerides, total cholesterol, and low-density
lipoprotein cholesterol. Mean fasting plasma glucose and HbA1c levels were close to normal
at baseline and were not affected by the intervention (Table 3).

Participants wore the pedometer at least 8 hours per day and 4 days per week for an average
of 87.3% (18.3%) of the 20 study weeks (range = 2—-20 weeks), with no significant
difference between the intervention and control groups. Based on the pedometer data, the
intervention led to a marked increase in physical activity (Table 4). Intervention participants
increased their daily step count by a mean of 2,551 (4,712) steps (a 38% increase) compared
with a mean decrease of 734 (3,308) steps (an 11% decrease) among controls (p=0.02). The
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intervention increased moderate levels of physical activity (p<0.001) but had less impact on
light and vigorous levels of physical activity, which were not intervention targets.
Sensitivity analyses indicated that missing data and baseline differences in family support
had no material effect on these results.

The intervention had no effect on self-reports of total caloric or fat intake, but led to
significantly greater reductions than controls in both saturated fat intake (p=0.007) and
sugar-sweetened beverage consumption (p=0.02) (Table 5).

Significant group-by-time interactions indicated that the intervention led to increases in self-
reported physical activity based on 7-day recall (p=0.03) and reductions in the following
barriers to being active: lack of time (p=0.02); social influence (p=0.01); lack of energy
(p=0.04); and lack of skill (p=0.01); as well as a marked reduction in lack of willpower
(p<0.001) (Table 6). No significant group-by-time interactions were observed on measures
of depressive symptoms, self-efficacy for physical activity, social support for physical
activity, or fear of injury or lack of resources as barriers to being active.

Mediation analyses estimated that 26.2% (95% C1=18.1%, 44.8%) of the treatment effect on
weight loss was mediated by change in saturated fat intake; 15.9% (95% Cl1=11.7%, 24.5%)
by change in daily step counts; and 0.4% (95% C1=0.3%, 0.7%) by change in consumption
of sugar-sweetened beverages.

Intervention participants attended an average of 5.1 (1.0) of the six in-person sessions (range
= 2-6), and each session had a mean duration of 20.0 (4.7) minutes (range = 12-31
minutes). They wore the pedometer at least 8 hours per day and 4 days per week for an
average of 91.2% (16.2%) of the 20 study weeks (range = 9—20 weeks). Intervention
participants used the mobile app weight diary at least twice per week (the recommended
minimum) during 65.3% (29.2%) (range = 10%-100%) of the study weeks and at least once
per week during 80.5% (20.4%) (range = 25%-100%). They used the mobile app diaries to
report their daily activity (steps) on 62.0% (27.4%) of the 140 study days (range = 10%-—
96%) and their daily caloric intake on 46.9% (30.0%) (range = 0%-95%). They responded
to 54.3% (23.0%) (range = 11%-85%) of the mobile app daily messages. As illustrated by
use of the activity diary in Figure 2, adherence to the mabile app declined over time.
Estimates of intervention adherence reflect non-adherence due to participant factors as well
as equipment failures (i.e., app glitches, pedometer malfunction). There were no serious
adverse events (hospitalization or emergency visits) or deaths associated with the
intervention.

Discussion

This pilot study evaluated the combination of a mobile phone app, in-person DPP-based
lifestyle intervention sessions, and pedometer use for adults at risk for diabetes. Adherence
to the intervention protocol varied across the different components and decreased over the
course of the 20-week trial. However, overall, the adherence rates observed in this study
were comparable to or better than those reported in similar trials?324 and suggest that, for
the most part, the intervention was feasible for English-speaking adults. Moreover, even
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with declining adherence, the intervention was efficacious for achieving a mean 6.8%
weight loss over the course of the 5-month intervention, with 29% of participants reaching
their goal of 10% weight loss, compared with 0% among controls. Increased physical
activity and decreased saturated fat intake were mediators of the treatment effect.

This pilot trial of the mDPP intervention makes an important contribution to the growing
discussion regarding sustainability of diabetes prevention. To our knowledge, this was the
first study to successfully modify the original DPP intervention from 16 to six in-person
core sessions. Consistent with the current results, recent systematic reviews’-25-28 indicate
that text messaging and mobile apps are promising ways of delivering weight-loss
interventions and achieving clinically significant weight loss in overweight adults. Although
numerous lifestyle modification apps and internet programs are commercially available,
75% of these programs address only one or two behavioral change principles,?® and
consumer usage data are not publicly available for data analyses.

The recent advent of smartphones along with wearable sensor devices has taken the potential
for diabetes prevention and weight loss to a whole new level. Moreover, data streaming
from these smartphone and wearable sensor devices could assist in offering a personalized
diabetes prevention program. Incorporation of these technologies for the delivery of weight
loss and diabetes prevention interventions also has the potential to significantly reduce costs
and improve sustainability and dissemination of such intervention programs. However,
almost no evidence is available as to how to optimally apply these types of technologies and
utilize continuous real-time data to design a diabetes prevention program. Clearly, there is
an urgent need for investigations in this area.

The mDPP intervention included six in-person sessions, in addition to the mobile app and
pedometer. Thus, our findings likely reflect a synergistic effect of these intervention
components. Although in-person sessions can be labor intensive and inconvenient, past
studies have shown them to be helpful for maximizing weight loss.1-30 The six in-person
sessions were sufficient when supplemented with the mobile app and pedometer, but it is
possible that fewer in-person sessions could be effective. A study employing a factorial or
fractional factorial design is therefore needed to test the independent and interactive impacts
of the mobile app, pedometer, and in-person intervention components. Moreover,
participants may vary with respect to the number of sessions needed to achieve the same
weight-loss goal, and developing strategies for identifying the intensity of intervention
needed could also help optimize outcomes while managing limited prevention resources.

Several previously published RCTs of weight-loss interventions and diabetes prevention
programs delivered via mobile phones have reported mixed results. A large trial in India
indicated that a lifestyle intervention delivered by mobile phone messaging reduced the
incidence of type 2 diabetes over 2 years among men with impaired glucose tolerance.3!
Another trial in China indicated that an intervention combining text messages with group
sessions and coaching calls was effective in achieving modest weight loss (2.3% of baseline
body weight) over 6 months among overweight adults.32 By contrast, a trial in the U.S.
comparing combinations of web-based intervention, in-person groups, phone calls, and text
messaging for promoting weight loss among overweight adolescents at risk for type 2
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diabetes found no treatment effects for BMI after 12 months.33 Although these studies may
be promising, it remains unclear which intervention components are essential for achieving
and maintaining clinically meaningful weight loss. Additional studies are also needed to
demonstrate that these interventions’ results can be maintained over time, and more
importantly, lead to improved glucose tolerance and reduced incidence of type 2 diabetes.

Limitations

These findings need to be considered in light of the study limitations. Our relatively small
sample included only English-speaking overweight adults willing to use the mobile phone
app and wear a pedometer for 5 months; thus, our findings may not generalize to other
populations. The relatively high incomes and large proportion of women in the sample may
also limit the generalizability of the findings. As in other studies, it is challenging to obtain
reliable and valid estimates of dietary intake, particularly among diverse samples. Finally,
although the intervention showed its efficacy for weight loss over the 5-month period, its
timing, frequency, and content may benefit from additional adjustment. Furthermore, we do
not know whether weight loss is sustained beyond the 5-month intervention period. It would
be worth testing different maintenance strategies across a longer-follow-up period, and
possibly tailoring them to individuals’ specific needs.

Conclusions

Our study suggests that a modified DPP lifestyle intervention with reduced in-person
sessions and the combination of a mobile app and pedometer was feasible for English-
speaking overweight adults. The intervention led to clinically and statistically significant
weight loss and lowered blood pressure over 5 months by increasing physical activity and
reducing intake of saturated fat, thereby reducing risk for both type 2 diabetes and
cardiovascular disease. The information learned from this pilot study will guide the design
of a larger RCT of the mDPP intervention, including a longer-term weight-loss maintenance
phase in the near future, and can also be used to guide the development of other intervention
studies.
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240 Assessed for eligibility by telephone 137 Ineligible to be in study:

* 54 Did not complete telephone screening

* 37 BMI too low or low diabetes risk test score

e 25 Co-morbidity, chronic iliness, psychiatric
disorder or alcoholic/ drug addiction

17 Scheduling conflict or not interested

e 1 Current or recent participation in weight
loss program

e 3 Other

I 103 Invited to screening/baseline visit |

I——' 22 Did not show at screening/baseline visit

I 81 Completed screening/baseline visit |

|—| 2 Did not start run-in due to medical reason

I 79 Started 2-week run-in period |

18 Ineligible to be randomized:

* 5 Did not want to wear a pedometer and/or
use the app

Undiagnosed diabetes

Strong group preference or refused to be
randomized
Time commitment/schedule conflict
Asked to withdraw from the run-in by staff

.
NG

.
- w

61 Randomized

| 31 Assigned to pedometer only control | | 30 Assigned to mobile phone intervention
| 26 Completed 3-mo follow-up assessment | I 27 Completed 3-mo follow-up assessment
| 28 Completed 5-mo follow-up assessment | I 28 Completed 5-mo follow-up assessment
| 31 Analyzed for control group | I 30 Analyzed intervention group

Figure 1.
Screening, randomization, and assessments of study participants.
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100%

80%

60%

40%

activity diary

20%

% Adherence to mobile app

0%
Run-in 4 8 12 16 20
Study week

Figure 2.
Adherence to the mobile app activity diary over time.

Note that adherence rates reflect equipment failure and glitches as well as participant non-
compliance.

Am J Prev Med. Author manuscript; available in PMC 2016 August 01.



1duosnue Joyiny 1duosnuen Joyiny 1duasnuen Joyiny

1duasnuen Joyiny

Fukuoka et al.

Description of Intervention Components

Page 14

Table 1

Format/schedule

Description of intervention components

In-person lifestyle intervention sessions adapted from the DPP trial®

Session 1

0 month Randomization

Welcome to the Mobile Phone-Based Weight Loss Program and Setting Short- and
Long-term Goals

Getting Started Being Active

Getting Started Losing Weight

Being Active: A Way of Life

Jump Start Your Activity Plan

Session 2

0.5 month

Be a Fat Detective
Three Ways to Eat Less Fat

Session 3

1 month

Healthy Eating
Tip the Calorie Balance

Session 4

2 months

Take Charge of What’s Around You
The Four Keys to Healthy Eating Out
Make Social Cues Work for You

Session 5

3 months

Problem Solving
Talk Back to Negative Thoughts

Session 6

4 months

The Slippery Slope of Lifestyle Change
Ways to Stay Motivated

iPhone with mDPP trial app

Mobile intervention

Daily messages/video clips reinforced the domains addressed in the brief in-person
sessions above. A pre-programmed daily message or video clip was automatically
sent at 11AM and was accessible on the mobile phone until 7PM. If no reply was
made by this time, the daily message disappeared from the phone. An automated
reminder was generated at 3PM to alert participants who had not yet responded to the
message. Short educational video clips and texts were also available 24 hours per day,
7 days per week (e.g., What is pre-diabetes?)

Mobile weight diary and activity/caloric diary

The weight diary was available 7AM to 7PM every day. Participants were asked to
report their weight at least twice (Mondays and Fridays) per week.

The activity and caloric diary was accessible 7PM to 11:59PM. If no entry was made
by 8:30PM, an automated text message was generated as a reminder for the
participant to record the total number of steps per day, the types and duration of
physical activities, and total daily caloric intake.

Tailored feedback was provided based on their diary entry.

Physical Activity

triaxial accelerometer)

Omron Active Style Pro HJA-3501T pedometer (a

A home-based physical activity plan was developed for each participant.

Daily brisk walking (moderate physical activity) was emphasized and encouraged.
Short-term goals were based on 20% increases in step counts each week, with a long-
term goal of maintaining 12,000 steps/day.

The pedometer facilitated self-monitoring of daily step counts.

aThe intervention content is based on the original Diabetes Prevention Program (DPP) with 16 sessions over 24 weeks (www.bsc.gwu.edu/dpp/
lifestyle/dpp_part.html). Two components of the original DPP (Move Those Muscles and You Can Manage Stress) were included as part of the
mobile phone—delivered video clips and daily messages. The original DPP also included group-based exercise programs, but these were replaced

with home-based exercise programs in mDPP.

mDPP, Mobile Phone-Based Diabetes Prevention Program.
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All participants (n=61)  Control (n=31) Intervention (n=30) p-value

Age (years; M+SD [range]) 55.2+9.0 (36-76) 53.4+8.7 (36-65)  57.19.1 (36-76) 0.11

% (n) % (n) % (n)

Race/ethnicity@ 0.14

Asian 22.9 (14) 12.9 (4) 33.4 (10)
Black/African American 4.9 (3) 9.7 (3) 0.0 (0)
Hispanic/Latino 11.5(7) 9.7 (3) 13.3(4)
White (non-Hispanic) 52.5(32) 61.3 (19) 43.3 (13)

More than 1 race 8.2 (5) 6.4 (2) 10.0 (3)

Gender 0.94
Male 23.0 (14) 22.6 (7) 23.3(7)

Female 77.0 (47) 77.4 (24) 76.7 (23)

Annual household income 0.38
<$40,000 13.1(8) 6.4 (2) 20.0 (6)
$40,001-$75,000 16.4 (10) 12.9 (4) 20.0 (6)
>75,000 54.1 (33) 64.5 (20) 43.3 (13)

Decline to state 11.5(7) 129 (4) 10.0 (3)
Don’t know 49(3) 32(1) 6.7 (2)

Marital status 0.43
Never married 279 (17) 25.8 (8) 30.0 (9)

Currently married/cohabitating 57.4 (35) 64.5 (20) 50.0 (15)
Divorced/widowed 14.7 (9) 9.7 (3) 20.0 (6)

Fasting blood glucose (mg/dL) 0.58
<100 70.5 (43) 74.2 (23) 66.7 (20)

2100 29.5 (18) 25.8 (8) 33.3(10)

HbA1cP 0.18
<5.7% (<39 mmol/mol) 38.3(23) 46.7 (14) 30.0 (9)
>5.7% (>39 mmol/mol) 61.7 (37) 53.3 (16) 70.0 (21)

Family history of diabetes >0.99
No 13.1(8) 12.9 (4) 13.3 (4)

Yes 83.6 (51) 83.9 (26) 83.3 (25)
Don’t know 3.3(2) 3.2(1) 3.4 (1)

Prior use of a commercial weight-loss program 0.24
No 32.8 (20) 25.8 (8) 40.0 (12)

Yes 67.2 (41) 74.2 (23) 60.0 (18)

Phone used for the study 0.52
iPhone provided by the study 49.2 (30) 45.2 (14) 53.3 (16)
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All participants (n=61)  Control (n=31) Intervention (n=30)

p-value

Personal iPhone 50.8 (31) 54.8 (17)

46.7 (14)

aRace/ethnicity was self-reported.

b L .
n=60 for HbA1c due to one missing value in the control group.

HbAlc, glycosylated hemoglobin.
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Primary Outcomes and Other Diabetes Risk Factors Over 5 Months
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Variable Control (M%SD [range or n])  Intervention (M+SD [range or n]) p-value Overall p-value?
Primary outcomes
Baseline weight (kg) 93.1+21.8 (61-131) 86.2+18.5 (60-143) 0.18b
Change in weight (kg) <0.001
Baseline to 3-month 0.4+1.8 (26) -5.2+4.4 (27) <0.001C
Baseline to 5-month 0.3£2.7 (28) -6.245.9 (28) <0.001C
Percent change in weight (%) <0.001
Baseline to 3-month 0.3+2.0 (26) -5.844.1 (27) <0.001C
Baseline to 5-month 0.3+3.0 (28) —6.8+5.4 (28) <0.001€
Baseline BMI (kg/m?) 33.3+6.0 (26-47) 32.245.6 (24-54) 0.450
Change in BMI (kg/m?) <0.001
Baseline to 3-month 0.2+0.7 (26) -2.0£1.7 (27) <0.001C
Baseline to 5-month 0.1+1.0 (28) -2.2+2.2 (28) <0.001C
Percent change in BMI (%) <0.001
Baseline to 3-month 0.4+2.0 (26) -5.9+4.2 (27) <0.001C
Baseline to 5-month 0.3%£3.0 (28) -6.615.7 (28) <0.001C
Other diabetes risk factors
Hip circumference (cm) <0.001
Baseline 117.1+15.0 (31) 114.1+12.7 (30) 0.39d
3-month 116.0+14.7 (26) 110.6+11.9 (27) 0.04d
5-month 115.9+14.4 (28) 108.8+10.9 (28) 0.008d
Mean resting blood pressure
SBP (mmHg) 0.01
Baseline 128.3+14.3 (31) 125.7+13.8 (30) 0.47d
3-month 123.3+13.2 (25) 124.5+16.1 (27) 0500
5-month 129.5+12.1 (28) 121.1+11.1 (28) 0.03¢
DBP (mmHg) 0.009
Baseline 81.4+11.6 (31) 79.69.7 (30) 0520
3-month 77.4%8.2 (25) 75.8+12.3 (27) 0.73d
5-month 80.2+8.1 (28) 73.7+7.9 (28) 0.003d
Lipid panel*
Triglycerides (mg/dL) 0.40
Baseline 115.2+67.4 (30) 132.0£63.3 (30) 0480
5-month 122.5+73.2 (27) 118.7455.5 (28) 0.84d
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Variable Control (M£SD [range or n])  Intervention (MSD [range or n])  p-value  Overall p-value?
Total cholesterol (mg/dL) 0.29
Baseline 204.4+33.9 (31) 201.4+30.6 (30) 0.720
5-month 202.9£38.3 (27) 190.1+28.2 (28) 0.26d
LDL (mg/dL) 0.58
Baseline 128.7+28.1 (30) 122.0+26.0 (30) 0444
5-month 123.7+33.9 (27) 113.9+26.2 (28) 0.36d
HDL (mg/dL) 0.30
Baseline 50.7+15.5 (31) 52.9+13.4 (30) 0.57d
5-month 55.2+18.8 (27) 53.5+13.3 (28) 0.94d
Glucose
HbA1c (%) 0.25
Baseline 5.700.27 (30) 5.83+0.31 (30) 0.09¢
5-month 5.6620.29 (27) 5.73+0.36 (28) 0.49¢d
Fasting plasma glucose (mg/dL) 0.63
Baseline 95.9+7.7 (31) 98.9+10.5 (30) 0.23d
5-month 96.2+10.3 (27) 98.5+10.5 (28) 0340

Note: Boldface indicates statistical significance (p<0.05).

a . . . _— .
Overall p-values based on linear mixed models for changes from baseline to 3 and 5 months, adjusting for baseline.

b . . . . .
p-values for baseline group comparisons of weight and BMI are based on simple regression analyses.

Cp—values for time-specific comparisons of changes in weight and BMI based on linear mixed models for changes from baseline to 3 and 5 months,

adjusting for baseline.

dp—values for time-specific comparisons of other diabetes risk factors based on linear mixed models for baseline, 3-month, and 5-month outcomes.

DBP, diastolic blood pressure; HbAlc, glycosylated hemoglobin; HDL, high-density lipoprotein; LDL, low-density lipoprotein; SBP, systolic

blood pressure
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Objectively Recorded Physical Activity Using Omron HJ350 Pedometer Over 5 Months

Table 4

Variable Control (n=31) (M+SD) Intervention (n=30) (M+SD) p-value Overall p-value
Steps (objectively measured by pedometer)
Mean daily steps
Baseline 6,577+4,460 6,761+3,572
Change in mean daily steps <0.001
Baseline to Month 1 (Week 1-4) 378+3,507 2,564+3,864 <0.001
Baseline to Month 2 (Week 5-8) —-288+3,227 3,119+4,753 <0.001
Baseline to Month 3 (Week 9-12) -125+3,451 2,888+4,998 <0.001
Baseline to Month 4 (Week 13-16) 20+3,847 2,604+4,337 <0.001
Baseline to Month 5 (Week 17-end) —-734+3,308 2,551+4,712 <0.001
Mean steps per hour
Baseline 485+320 4994275
Change in mean steps per hour <0.001
Baseline to Month 1 (Week 1-4) 46+269 131+253 0.001
Baseline to Month 2 (Week 5-8) 14229 161+292 <0.001
Baseline to Month 3 (Week 9-12) 94251 151+321 0.004
Baseline to Month 4 (Week 13-16) 31+290 145+298 0.02
Baseline to Month 5 (Week 17-end) —-21+240 141327 0.001
Light physical activity (1-2 METS)
Mean minutes per day
Baseline 599+144 615+160
Change in mean minutes per day 0.06
Baseline to Month 1 (Week 1-4) -18+133 36143 0.007
Baseline to Month 2 (Week 5-8) -31+146 40+153 0.004
Baseline to Month 3 (Week 9-12) -29+141 41+147 0.01
Baseline to Month 4 (Week 13-16) -31+141 10+158 0.03
Baseline to Month 5 (Week 17-end) -49+151 17£167 0.05
Moderate physical activity (3-5 METS)
Mean minutes per day
Baseline 51+39 57+40
Change in mean minutes per day <0.001
Baseline to Month 1 (Week 1-4) 3.6+31 18+36 <0.001
Baseline to Month 2 (Week 5-8) =3.7+27 25+44 <0.001
Baseline to Month 3 (Week 9-12) -1.7+30 21+46 <0.001
Baseline to Month 4 (Week 13-16) 0.6+33 20+40 0.003
Baseline to Month 5 (Week 17-end) -4.2+29 16+46 <0.001

Vigorous physical activity (6-8 METS)
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Variable Control (n=31) (M+SD) Intervention (n=30) (M+SD) p-value Overall p-value

Mean minutes per day
Baseline 1.6+6.7 1.2+4.1

Change in mean minutes per day 0.13
Baseline to Month 1 (Week 1-4) 0.01+3.8 1.30+11.0 0.09
Baseline to Month 2 (Week 5-8) -0.12+3.8 0.44x7.7 0.03
Baseline to Month 3 (Week 9-12) -0.35+4.6 0.91+6.3 0.14
Baseline to Month 4 (Week 13-16) -0.03+3.8 1.30+7.4 0.20
Baseline to Month 5 (Week 17-end) -0.3645.1 2.30+11.0 0.01

Note: Boldface indicates statistical significance (p<0.05).
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Table 5
Self-reported Dietary Intake Over 5 Months
Variable (daily values) Control (M+SD)  Intervention (M+SD) p-value? Overall p-value
Caloric intake (kcal) 0.190
Baseline 1,996888 (31) 1,935+851 (30) 0.88
5-month 1,676+575 (28) 1,505+588 (28) 0.19
Fat intake (g) 0.180
Baseline 87.4+40.6 (31) 85.2+39.4 (30) 0.76
5-month 73.0+28.9 (28) 64.3+30.0 (28) 0.14
Saturated fat intake (g) 0.0070
Baseline 26.3+12.4 (31) 25.4+13.7 (30) 0.66
5-month 22.0+9.8 (28) 16.2+8.3 (28) 0.007
Sugar-sweetened beverages (kcal) 0.02€
Baseline 27.8+43.7 (31) 31.8+68.4 (30) 0.60
5-month 19.3+36.4 (28) 7.3+12.3 (28) 0.02

Note: Boldface indicates statistical significance (p<0.05).

a . . . . . .
p-values for time-specific comparisons based on linear mixed models for baseline and follow-up outcomes.

b . . . A .
Overall p-values based on linear mixed models for changes from baseline to follow-up, adjusting for baseline.

c . . A .
Overall p-value based on zero-inflated Poisson model, adjusting for baseline.
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