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Introduction

In the United States, pre-diabetes affects more than 84 mil-
lion adults.1 Without intervention, an estimated 6% to 20% 
of these people will develop diabetes annually, with a cumu-
lative incidence of 62% over 15 years.2-4 Interrupting the 
progression from pre-diabetes to diabetes has profound 
human and economic consequences, as diabetes currently 
accounts for a loss of 4.4 years of life per individual with 
diabetes and the cost of care in the United States has sky-
rocketed to more than 327 billion dollars annually.5,6 In the 
landmark Diabetes Prevention Program (DPP) trial, the pro-
gression to diabetes was attenuated by 58% via intensive 
lifestyle support.7 This study provided the foundation for the 
creation of the National Diabetes Prevention Program 

(NDPP) in 2010, representing a partnership between the 
Centers for Disease Control and Prevention (CDC) and both 
public and private organizations offering an evidence-based 
framework to help prevent or delay the development of type 
2 diabetes.8 In 2016, the CDC provided the Prevent T2 cur-
riculum based on data from the original DPP trial and its 
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Abstract
Background: Despite the efficacy of diabetes prevention programs, only an estimated 5% of people with pre-diabetes 
actually participate. Mobile health (mHealth) holds promise to engage patients with pre-diabetes into lifestyle modification 
programs by decreasing the referral burden, centralizing remote enrollment, removing the physical requirement of a brick-
and-mortar location, lowering operating costs through automation, and reducing time and transportation barriers.

Methods: Non-randomized implementation study enrolling patients with pre-diabetes from a large health care organization. 
Patients were exposed to a text message–based program combining live human coaching guidance and support with automated 
scheduled, interactive, data-driven, and on-demand messages. The primary analysis examined predicted weight outcomes at 
6 and 12 months. Secondary outcomes included predicted changes in HbA1c and minutes of exercise at 6 and 12 months.

Results: Of the 163 participants included in the primary analysis, participants had a mean predicted weight loss of 5.5% at six 
months (P < .001) and of 4.3% at 12 months (P < .001). We observed a decrease in predicted HbA1c from 6.1 at baseline 
to 5.8 at 6 and 12 months (P < .001). Activity minutes were statistically similar from a baseline of 155.5 minutes to 146.0 
minutes (P = .567) and 142.1 minutes (P = .522) at 6 and 12 months, respectively, for the overall cohort.

Conclusions: In this real-world implementation of the myAgileLife Diabetes Prevention Program among patients with pre-
diabetes, we observed significant decreases in weight and HbA1c at 6 and 12 months. mHealth may represent an effective 
and easily scalable potential solution to deliver impactful diabetes prevention curricula to large numbers of patients.
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follow-up studies combined with newer literature on self-
efficacy, physical activity, and diet.9 The curriculum pro-
motes modest weight loss and increased physical activity 
over a 12-month lifestyle change focused program.8 Despite 
the efficacy of DPP programs across various implementa-
tions, it is estimated that only 5% of people with pre-diabetes 
are actually referred to a certified DPP.10 Numerous barriers 
to joining and completing a DPP exist, starting with the lim-
ited time patients may have with their clinician during the 
visit at which a diagnosis of pre-diabetes is made to discuss 
options. Furthermore, limited funding, staff, and physical 
space prevent widespread implementation of DPPs in envi-
ronments in which diabetes prevention is desperately 
needed.11,12 Third, even when patients are enrolled into in-
person programs, participation and adherence are poor due to 
time and travel requirements.13,14

Mobile health holds promise to engage patients with pre-
diabetes into lifestyle modification programs by decreasing 
the referral burden on the clinician, centralizing remote 
enrollment, removing the physical requirement of a brick-
and-mortar location, lowering operating costs through auto-
mation, and reducing time and transportation barriers. 
mHealth is the use of mobile phones to provide public health 
and medical solutions in a scalable and cost-effective man-
ner. Mobile apps, text messaging–based interventions, inte-
grated web programs, web-connected glucometers, and 
wearable activity trackers have all been developed to assist 
patients with the complex task of managing diabetes and 
maintaining pre-diabetes lifestyle changes.5,10,15-19 mHealth 
can also be integrated into electronic medical records (EMRs) 
and health care data systems to refer patients to DPPs with-
out adding to the stretched capacities of health care provid-
ers. The myAgileLife DPP is a mobile short message service 
(SMS) text messaging–based coaching service and support 
system designed to help people with pre-diabetes prevent or 
delay the onset of type II diabetes. It can be integrated into 
health care systems so that patients can be referred without 
face-to-face consultation with a health care provider. The 
primary aim of this study is to evaluate the impact of the 
myAgileLife DPP on weight loss in a real-world health care 
setting. Secondary aims include assessing the impact of this 
program on HbA1C and exercise patterns.

Methods

This is a non-randomized mobile SMS text messaging–based 
DPP intervention conducted between January 2017 and 
November 2019. Eligible patients from a single, large health 
care organization in Southern California with pre-diabetes 
were solicited and then self-selected into the 12-month 
myAgileLife DPP. The primary analysis examined predicted 
weight outcomes at 6 and 12 months. Secondary outcomes 
included predicted changes in HbA1c and minutes of exer-
cise at 6 and 12 months. In an exploratory outcome, we 
describe the association between frequency of program 

engagement with changes in weight, HbA1c, and minutes of 
exercise. All study activities were approved by the institu-
tional review board (IRB) at the Keck School of Medicine of 
University of Southern California (USC).

Study Population

The study cohort represents a convenience sample of patients 
from one of the largest and most comprehensive medical 
groups in Southern California. The medical group is spread 
more than 22 locations offering services such as primary and 
specialty care, laboratory, physical therapy, radiology, phar-
macy, and urgent care. Eligibility criteria were (1) age ≥18 
years, (2) body mass index (BMI) of ≥25 kg/m2 (≥23 kg/m2 
for Asian American), and (3) a positive screening for pre-
diabetes in the form of a fasting glucose of 100 to 125 mg/dL 
or a hemoglobin A1c of 5.7 to 6.4. A list of eligible patients 
was generated based on (1) laboratory data showing evi-
dence of pre-diabetes, (2) the addition of “pre-diabetes” to a 
patient problem list in the EMR, or (3) direct provider refer-
ral. Health coaches contacted potential subjects to confirm 
eligibility and to describe the myAgileLife DPP. Patients 
were not eligible if they were pregnant at time of enrollment 
or had a previous diagnosis of either type I or type II diabetes 
prior to enrollment. The recruitment process was stepwise 
and multi-modal in which outreach was attempted first via 
phone, and if unsuccessful was followed by a letter and up to 
three phone calls. No in-person visits were required. Patients 
were advised to self-enroll into the program via the Internet 
or mobile web portal (myagilelife.com). Upon enrollment, 
participants received a text message asking them to reply 
YES to opt into the year-long program. This opt-in step con-
firmed they knew how to use the SMS-based platform on 
which the program was delivered. To be included in the pri-
mary analysis, participants needed to have two or more 
weight records and/or HbA1c records to calculate changes 
over time.

The Intervention

The myAgileLife DPP is a mobile SMS text messaging–
based coaching service for patients with pre-diabetes. The 
Program combines live human coaching guidance and sup-
port with automated scheduled, interactive, data-driven, and 
on-demand messages, all delivered via the same, text mes-
saging–based conversation and augmented by web-based 
resources and content. The data-driven messages were devel-
oped through an iterative process combining currently avail-
able materials from the National Diabetes Education Program 
(NDEP) with multi-disciplinary expert opinion from an 
endocrinologist, a qualitative researcher, and a certified dia-
betes educator.20 myAgileLife DPP delivers the CDC’s 
NDPP Prevent T2 curriculum accompanied by comprehen-
sive and timely support designed to keep participants 
engaged and focused on a daily basis. The full program 
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duration is one year, divided up into 26 sessions that span 
one, two, or three weeks, depending on the depth and inten-
sity of the Prevent T2 Session content for that session. Each 
participant is assigned a certified DPP lifestyle coach who 
reaches out at least once per session, and more often if neces-
sary, to discuss associated topics, content, and lifestyle 
change recommendations. Participants receive up to three 
automated, personalized text messages per day that supple-
ment their interaction with the lifestyle coach and ensure 
comprehensive and consistent coverage of the Prevent T2 
curriculum.

Participants receive a weekly automated coach check-in 
with live coach follow-up as required to encourage, remind, 
and reinforce the logging and tracking of program data. 
During the “Introduction Session,” participants are directed 
to the secure member portal to set a six-month weight loss 
goal and a weekly activity minutes goal (both of which are 
required to participate in the program) and can optionally set 
goals for steps-per-day and distance-per-week. Participants 
have access to a member portal that includes a wide range of 
tools and content, including but not limited to DPP Session 
Summaries and materials, an online journal, online Action 
Plans, a configurable messaging calendar, and a Healthy 
Living library with educational content on food, exercise, 
diabetes/pre-diabetes, and lifestyle change.

The text-based coaching dialogue encourages partici-
pant interaction through quizzes, polls, and questions 
designed to reinforce the Prevent T2 curriculum content—
each of which triggers immediate and relevant messages 
when the participant responds. The program continuously 
monitors progress data (weight, activity minutes, etc) by 
participants and sends dynamic messages on an automated 
basis to remind and/or reinforce these key behaviors. 
Participants are provided keywords they can text in at any 
time to trigger immediate in-the-moment responses that are 
tailored to the participant’s individual need. The full list of 
keywords for this program include MOOD, MOTIVATE, 
SHOPPING, EAT OUT, CHALLENGE, RISKS, SLIP UP, 
CUES, and GREAT.

Measures

The primary outcome was predicted weight change (lbs) at 6 
and 12 months. Participants were asked to provide weight 
and activity minutes on a weekly basis, which they could do 
at any time on a self-reported basis via text, via their health 
coach, and/or directly in the member portal. Within the mem-
ber portal, participants could also pair one or more personal 
monitoring devices such as fitness watches, fitness bands, 
and smart scales, so that their weight and activity data would 
be uploaded automatically by their device. For the program 
analysis, weight measured during medical visits at facilities 
within participant’s program duration was also incorporated 
into the logged weight data. For HbA1c, records measured 

during medical visits at facilities within 180 days before and 
after the program duration were analyzed. If multiple records 
exist around the program start and end date, records that 
were closest to these dates, either before or after, were treated 
as the base and final HbA1c measurements. Session atten-
dance was defined as having any interaction from logging 
weights, logging activity minutes, or sending in-bound text 
messages (ie, ad hoc, keywords, and quizzes) at least once 
during each session. Demographic data were obtained using 
a self-reported baseline questionnaire at enrollment, which 
included reporting of participant’s start weight for this trial.

Program engagement was defined as any participant-initi-
ated interaction including in-bound text messages, logging 
activity minutes, and/or logging weight. Level of engagement 
was calculated based on the number of sessions with one or 
more activity logs over the total number of sessions during 
program duration per each individual. To assess the relation-
ships between the level of engagement and measurement 
change, patients were divided into two groups (high or low) 
based on the 50th percentile of their level of engagement.

Statistical Analysis
Participants with two or more weight assessments (including 
the self-reported baseline weight) within their program dura-
tion were included in the primary analysis. Importantly, not 
all participants logged the same number of weight entries, 
nor did they log them at the same time and frequency. To 
minimize the impact of this on our findings, we looked at the 
EMR for any additional weight entries and ran a multilevel 
regression model to generate predicted weight loss for the 
entire cohort. The study used the multilevel mixed-effects 
regression model by including all available logged weights 
for up to 12 months of follow-up as the study outcome. The 
model applied random intercepts and random slopes to adjust 
for within-participant correlations of the outcome. The model 
was adjusted for baseline weight, sex, race, and ethnicity 
(Hispanic, Non-Hispanic white, and non-Hispanic other) and 
total weeks in the program. To account for the anticipated 
non-linear trajectories of weight change over time, we 
included a weeks-squared term to calculate a polynomial 
model instead of a simple linear model. The following is the 
equation of the model that we used.

Yiw Xi Ww W w iw= + + +β δ γ ε2

Y is the outcome measure.
i indexes the individual.
w indexes the week.
X is time-invariant covariates at the individual level (ie, race/
ethnicity, sex, weeks enrolled, and baseline measurement).
W is indicator for the week where the observed value is 
measured.
W2 is the squared of the indicator of the week.
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In a secondary analysis focused on participant engage-
ment as a moderator of program effect, the models included 
interaction terms of weeks and weeks-squared by the indica-
tor for the levels of engagement of each type of logged activ-
ities. From the model, predicted changes at 6 and 12 months 
from baseline weight were obtained for the overall program 
and by the level of engagement, and then tested for statistical 
differences in time and across engagement groups. All analy-
ses were performed using Stata 15 with alpha set at 0.05.

Results

Between January 2017 and November 2019, a total of 366 
patients were assessed for eligibility and registered to par-
ticipate (Figure 1). All received a text-message to opt-in the 
program, and 309 (84%) completed the opt-in process. 
Opt-in participants had a mean age of 53 (SD = 12) years, 
BMI of 32.2 (SD = 6.5), and HbA1c of 5.9% (SD = 0.3); 
63% were female, 25% were Hispanic, and 35% were white 
(Table 1). The mean self-reported start weight was 198lb (SD 
= 48). Of these participants, 146 were excluded from the 
primary analysis as they did not log at least two weights or 
two HbA1c. Subjects included in the primary analysis were 
similar in terms of demographics and initial weight to those 
who were excluded.

Of the 163 participants included in the primary analysis, 
54% completed the 12-month program (Table 2). The mean 
program duration was 265 days (SD = 125) with two partici-
pants exceeding the 365-day mark. The mean number of 
attended sessions was 12 (SD = 8). For program engage-
ment, participants sent text messages into the automated sys-
tem during 82% of sessions attended (SD = 24), logged 
activity minutes at 61% of sessions attended (SD = 35), and 
logged weight at 72% of sessions attended (SD = 25). 
Participants had a mean predicted weight loss of 5.5% at six 
months (P < .001) and of 4.3% at 12 months (P < .001) 
(Table 3). We observed a decrease in predicted HbA1c from 
6.1 at baseline to 5.8 at six months and at 12 months (P < 
.001). Activity minutes were statistically similar from a base-
line of 155.5 minutes to 146.0 minutes (P = .567) and 142.1 
minutes (P = .522) at six and 12 months, respectively, for 
the overall cohort. The diagram of these predictive models 
overlaying their scatter plot is presented in Supplemental 
Figures 1–3. The observed values for the full sample and the 
completer sample from available data are also presented in 
Supplemental Table 1.

In a secondary analysis focused on participant engage-
ment as a moderator of program effect, the outcomes based 
on level of engagement results from the multilevel regres-
sion models did not show statistically significant differences 
for weight loss between high and low engagers but did show 
a statistically significant difference in minutes of exercise at 
six months (186.6 minutes for high engagers vs 111.7 min-
utes for low engagers; P = .008) and HbA1c (5.7 for high 

engagers vs 6.0 for low engagers; P = .020). Full results 
from the models are described in Table 4.

Discussion

We observed significant decreases in weight and HbA1c 
among patients with pre-diabetes who participated in the 
12-month myAgileLife DPP in this pragmatic application of 
a mobile SMS text messaging–based DPP in a single, large 
health care organization in Southern California. Our findings 
are in line with other published reports of in-person, web, 
and mobile-based interventions reporting an average 3% to 
5% weight loss.21-26 Furthermore, we observed relatively 
high retention as over half of the enrolled patients completed 
the program. Together, this suggests that the desire for mobile 
DPP programs is strong, and if deployed widely, acceptance 
may be high among a patient population that has traditionally 
been difficult to reach and engage.

In addition to describing a successful program, this 
study adds to our understanding of the role of engagement 
on the efficacy of mHealth-based lifestyle interventions by 
providing novel, nuanced information regarding the asso-
ciation between level of engagement and predicted weight 
loss. Not only was weight loss greater at six months among 
patients who logged more activity minutes and among 
patients who interacted more frequently via text message 
(9.3 and 5.6 pounds more weight lost, respectively), but 
higher engagement predicted that the weight loss would 

Figure 1.  Flow diagram of participant flow through text 
message–based diabetes prevention program.
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maintain at 12 months. For example, patients in the lower 
engagement group not only did not lose as much weight 
during the program, but also regressed to near baseline 
weight by program end. This is in contrast to the patients in 
the highest engagement group who not only lost more 
weight during the program but kept a good portion of it off 
by program end (−5.3% weight change at 12 mon). The 
long-lasting impact of maintaining engagement with par-
ticipants has not been previously reported in a mobile DPP 
and is likely of great importance to developers of similar 
programs targeting weight loss, to researchers studying 
program effectiveness, and to patients who want and need 
help. The most prominent impact of engagement was seen 
in exercise as high engagers increased their exercise min-
utes to more than 200 minutes per DPP session while low 

Table 2.  Program Outcomes Description (N = 163).

Primary analysis sample

Completed the 12-month program, 
n (%)

87 (54.4)

Program duration, days, mean ± SD 264.5 ± 125.1
Sessions attended, mean ± SD 12.4 ± 8.3
% of attended session with in-bound 

messages
81.8% ± 23.6

% of attended session with activity 
minutes logged

61.4% ± 35.1

% of attended session with weight 
logged

71.7% ± 24.9

Abbreviation: SD, standard deviation.

Table 1.  Baseline Characteristics of Text Messaging–Based Diabetes Prevention Program Participants.

Characteristics
Consented for text-

messaged DPP (n = 309)
Included in primary 
analysis (n = 163)

Excluded from primary 
analysis (n = 146)

Included vs 
excluded, P value

Female, n (%) 194 (62.8) 105 (64.4) 89 (61.0) .53
Age, years, mean ± SD 52.8 ± 12.0 52.8 ± 12.1 52.8 ± 12.0 .99
Ethnicity, n (%)
  Hispanic 76 (24.6) 32 (19.6) 44 (30.1) .07
  Non-Hispanic 171 (55.3) 100 (61.4) 71 (48.6)
  Declined/Unknown 30 (9.7) 17 (10.4) 13 (8.9
  Missing 23 (10.4) 14 (8.6) 18 (12.3)
Race, n (%)
  Black 19 (6.2) 11 (6.8) 8 (5.5) .27
  White 107 (34.6) 59 (36.2) 48 (32.9)
  Asian 44 (14.2) 26 (16.0) 18 (12.3)
  Other 74 (24.0) 32 (19.6) 42 (28.8)
  Declined/Unknown 33 (10.7) 21 (12.9) 12 (8.2)
  Missing 32 (10.4) 14 (8.6) 18 (12.3)
Base weight, lb, mean ± SD 197.7 ± 47.6 201.8 ± 50.5 193.1 ± 43.8 .11
Base BMI, mean ± SD (n = 276) 32.2 ± 6.5 32.8 ± 6.9 31.5 ± 5.9 .09
Base HbA1c %, mean ± SD (n = 268) 5.9 ± 0.3 6.0 ± 0.3 5.9 ± 0.3 .47

Abbreviations: DPP, diabetes prevention program; SD, standard deviation; BMI, body mass index.

engagers decreased their activity. Across the board, out-
comes were best at the six-month point, and then, there was 
a regression to the baseline. This suggests that strategies to 
increase engagement and retention in later months of this 
and similar programs must be developed and investigated 
to capitalize fully on mHealth’s potential impact for long-
term change.

One important feature distinguishing this program from 
similar interventions was that there was no requirement for 
in-person interaction at any point. The outreach and enroll-
ment were conducted remotely, weight loss was recorded 
via the web portal and smart devices, and all aspects of the 
DPP content were delivered via text message. Even the 
interactions with each individual’s assigned certified DPP 
Lifestyle Coach who reached out at least once per session 
occurred via live ad hoc text. Removing the need for any 
face-to-face interaction expands the potential reach of the 
program. This is especially important in our current medical 
environment in which office appointments and face-to-face 
clinical interactions have been dramatically reduced due to 
COVID-19. Moin et al27 were also able to remove the in-
person requirement for their program; however, they still 
required scheduled meetings via virtual visit, which is likely 
a barrier for some portion of the target population, and their 
results and findings are limited to a Veterans’ Affairs popu-
lation. The myAgileLife DPP allows people to engage in the 
moment, over time, on their own schedule without having to 
carve out specific days/times for a virtual visit. In addition, 
the study population in this effort provides more evidence 
that an entirely mHealth-based DPP can effectively reach 
DPP goals.
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While results in this pragmatic trial are promising, there 
are some notable limitations. There was no way to assess 
whether the delivered content was actually being read or 
understood by the participants. However, we observed a high 
active engagement rate during attended sessions implying 
that patients were active participants. Another related limita-
tion is that there is no existing definition to define session 
attendance for a fully mHealth-based program, as one cannot 
simply take role as in in-person or virtual programs. An 
option would be to simply count any receipt of messages in 
the session as attendance but there is no objective way to 
track whether a participant actually viewed the content of the 
DPP texts. Instead, we chose to define engagement more 
actively—any participant-initiated interaction from logging 
weights, logging activity minutes, or sending in-bound text 
messages (ie, ad hoc, keywords, and quizzes) at least once 
during each session. Furthermore, we conducted various sen-
sitivity checks using different definitions of attendance, and 
all resulted in the same magnitude and direction of findings. 
An additional limitation is that in this real-world implemen-
tation, there was no comparison group to compare the 
observed weight loss. Finally, as the study population reflects 
a self-selected group of participants from a larger cohort that 
was invited to participate, it is possible they were more moti-
vated to improve their health than the average patient. 
However, this would still be representative of the type of 
patient that might enroll in any large, automated roll-out of a 
similar program.

Conclusions

In this real-world implementation of the myAgileLife 
DPP among patients with pre-diabetes, we observed 

significant decreases in weight and HbA1c at six and 12 
months. In an exploratory analysis, the success of the pro-
gram was more pronounced among patients with high lev-
els of engagement. Strategies to generate and maintain 
engagement should be a focus for groups developing simi-
lar mHealth solutions. Although more work was needed to 
confirm our findings, mHealth appears to be an effective 
and easily scalable potential solution to deliver impactful 
diabetes prevention curricula to large numbers of deserv-
ing patients.

Abbreviations

CDC, Centers for Disease Control and Prevention; DPP, diabetes 
prevention program; mHealth, mobile health; NDDP, National 
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Table 4.  Predicted Changes of Study Outcomes at 6 and 12 Months, High versus Low Engagement.

High engagement Low engagement P valuea

  0 months 6 months 12 months 0 months 6 months 12 months 6 months 12 months

% weight loss (n = 158) −0.2 −5.5 −5.1 −0.3 −5.5 −3.4 .984 .228
HbA1c
(n = 77)

6.1 5.7 5.8 6.1 6.0 5.8 .020 .949

Minute exercise (n = 139) 167.3 186.6 164.9 147.2 111.7 121.9 .008 .327

aHigh versus low engagement at the specific month.

Table 3.  Predicted Changes of Study Outcomes at six and 12 Months (N = 163).

Program time P value

  0 months 6 months 12 months 0 vs 6 0 vs 12

% weight loss (n = 158) −0.3 ± 0.2 −5.5 ± 0.4 −4.3 ± 0.7 <.001 <.001
HbA1c
(n = 77)

6.1 ± 0.0 5.8 ± 0.1 5.8 ± 0.1 <.001 <.001

Minute exercise (n = 139) 155.5 ± 8.4 146.0 ± 14.6 142.1 ± 21.8 .567 .522
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