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The United States is confronting 
a type 2 diabetes epidemic; over 
30 million Americans have dia-

betes, about 95% of whom have type 
2 diabetes (1). The prevalence of type 
2 diabetes will likely continue to grow 
because 84 million American adults 
have prediabetes (1). Prediabetes can 
be diagnosed through laboratory test-
ing in “individuals whose glucose lev-
els do not meet the criteria for diabe-
tes, but are too high to be considered 
normal,” according to the American 
Diabetes Association (2). In addition 
to being associated with elevated risks 
for negative cardiovascular outcomes 
(3), prediabetes is associated with a 
high risk of progression to type 2 di-
abetes. Progression rates vary across 
populations; one estimate reports 
an incidence rate of type 2 diabetes 
of 35.6/1,000 person-years among 
people with prediabetes, whereas an-
other observed that 29% of people 
with prediabetes progressed to type 
2 diabetes within 3 years (4–6). An 
estimated 74% of people with pre- 
diabetes develop type 2 diabetes in 
their lifetime (7).

Thankfully, many people with 
prediabetes can prevent or delay type 
2 diabetes by participating in an 

intensive lifestyle change program 
(LCP) modeled after the Diabetes 
Prevention Program (DPP) research 
study (8). Briefly, the DPP random-
ized, controlled trial (RCT) included 
3,234 people with impaired fasting 
glucose or impaired glucose toler-
ance. Participants were randomized 
to receive one of three interventions: 
an in-person LCP that fostered the 
development of skills to achieve a 
healthy lifestyle, metformin therapy, 
or a placebo/standard of care control. 
The LCP and metformin reduced the 
incidence of type 2 diabetes after 3 
years by 58 and 31%, respectively 
relative to placebo. Longer-term out-
comes were reported in the Diabetes 
Prevention Program Outcomes Study 
(DPPOS) (9), which demonstrated 
that those who participated in the 
LCP experienced a 27% reduced 
incidence of type 2 diabetes relative 
to placebo 15 years later.

The original DPP LCP has been 
translated for more practical use and 
tested in a variety of settings using 
both health care professionals and lay 
individuals to deliver the program to 
individual participants and groups 
(10–13).
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■ IN BRIEF Type 2 diabetes can be prevented or delayed in people with 
prediabetes through participation in an intensive lifestyle change program 
(LCP), particularly one based on the Diabetes Prevention Program research 
study. Digital health offers opportunities to extend the reach of such LCPs and 
possibly improve on these programs, which traditionally have been delivered 
in person. In this review, we describe the current state of evidence regarding 
digital health–supported LCPs and discuss gaps in research and opportunities 
for future efforts.
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The Centers for Disease Control 
and Prevention (CDC) oversees 
the National Diabetes Prevention 
Program (National DPP), which 
harnesses the success of the DPP and 
DPPOS studies, as well as related 
translational evidence. The goals 
of the National DPP are to expand 
access to LCPs, increase program 
uptake and retention, and provide 
quality assurance for these pro-
grams via the Diabetes Prevention 
Recognition Program (DPRP) (14).

The CDC DPRP grants recogni-
tion to LCPs that deliver an approved 
curriculum and achieve other pro-
gram standards, including an average 
5% weight loss among participants. 
As of March 2018, the CDC recog-
nized 1,779 organizations delivering 
in-person LCPs and at least 120 orga-
nizations delivering LCPs via other 
modes, including online delivery or 
distance learning (15). More than 
160,000 people have participated in 
the National DPP as of 9 March 2018 

(K.K., P. Schumacher, K. Henriksen, 
personal communication), which is a 
remarkable achievement. Yet, millions 
more Americans with prediabetes 
could still benefit from the program.

As the CDC and its partner orga-
nizations, including the American 
Medical Association (AMA), work to 
scale the National DPP, digital health 
modes of LCP delivery offer oppor-
tunities to extend the reach of the 
program and possibly improve LCPs. 
The AMA classifies digital health 
solutions into seven categories: remote 
monitoring for efficiency, remote 
monitoring and management for 
improved care, clinical decision sup-
port, patient engagement, tele-visits, 
point-of-care, and tools providing 
consumer access to clinical data (16). 
Digital health solutions that incor-
porate remote monitoring, patient 
engagement, and tele-visits are par-
ticularly relevant to LCPs. Here, 
we describe the evidence regarding 
digital health–supported delivery of 

LCPs intended to prevent type 2 dia-
betes and discuss gaps in research and 
future opportunities.

Evidence Review
The key components of LCPs include 
coaching; self-monitoring of diet, 
physical activity, and weight; skills 
development; and group support 
(Table 1). Digital health can sup-
plement or replace standard delivery 
modes of these LCP components. 
CDC-recognized LCPs can offer 
course sessions through a desktop 
computer, laptop, tablet, or mobile 
phone with coaching interactions con-
ducted through phone, email, texting, 
or online messaging; the CDC refers 
to these programs as “online” pro-
grams. Alternatively, LCPs can also 
provide access to a lifestyle coach 
conducting in-person sessions in an-
other location via remote classrooms 
or telehealth; the CDC refers to these 
as “distance-learning” programs.

For this evidence review, we con-
ducted a literature search in PubMed 

TABLE 1. LCP Components Delivered in Person or via Digital Health
Component Standard Delivery Mode* Potential Digital Delivery Modes

Didactic curriculum In-person session • Video conferencing

• Telephone conferencing

• Text messaging

• Mobile app

• Web platform

Individual skill development and 
problem-solving

In-person session • Video conferencing

• Telephone calls

• Text messaging

• Mobile app

• Web platform

Self-monitoring of diet and physical 
activity

Manual documentation/data entry • Mobile app

• Wearable tracking

• Photo/video logs

Motivation and peer support In-person session • Video conferencing

• Text messaging

• Group chat

Weight tracking In-person session • Wireless device

• Mobile app

*Standard delivery modes are nondigital modes of delivery. LCPs that are considered “in person” typically deliver most 
forms of the program via the standard mode but may deliver some components of the program digitally.
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inclusive of articles published from 
2000 to February 2018 that eval-
uated the effectiveness of digital 
health–supported LCPs based on the 
DPP research study. These programs 
may or may not have met the CDC 
Recognition Program standards 
and operating procedures (17). The 
following search terms were used: 
“Diabetes Prevention Programs and 
digital,” “DPP and virtual,” “DPP 
and telehealth,” and “DPP and dis-
tance learning.” Reference lists were 
reviewed to identify additional arti-
cles for inclusion.

In considering the effectiveness 
of digital health–supported LCPs, 
we primarily focus on the outcome 
of weight loss because it is an excel-
lent proxy for the risk of developing 
type 2 diabetes in the future (18). As 
previously noted, a 5% loss of body 
weight is one of the CDC’s program 
standards and is widely considered 
a clinically meaningful amount of 
weight loss (8,14).

Comprehensive Digital 
Programs
Some CDC-recognized providers 
offer comprehensive digital LCPs: 
Omada Health, Inc., and Noom are 
two examples. Participants complete 
the curriculum on their own time 
(asynchronously) and use digital 
self-monitoring tools such as smart 
scales to monitor weight or wearables 
to track physical activity. Personalized 
health coaching and group support 
occur via messaging.

Three-year data from a single-arm 
trial of the Omada program demon-
strated an average weight loss of 4.7% 
at 1 year (P <0.0001) and 3.0% at 
3 years (P = 0.0009) (19). Another 
nonrandomized trial of the Omada 
program among people with pre-
diabetes found that 31% lost 5% 
of their body weight compared to 
20% of people in a matched con-
trol group (P = 0.001) (20). Finally, 
a single-arm retrospective analysis 
of 500 Medicare-age adults with 
prediabetes or metabolic syndrome 
demonstrated a mean 7.5% weight 

loss among the 86% of participants 
who completed 1 year of the pro-
gram (21). Noom had similar results 
regarding program effectiveness in a 
pilot study of 43 employees of a large 
insurance company (mean age 51 
years); 83% completed the program, 
losing a mean 7.5% of body weight 
at 6 months (22). Other small trials 
or pilot studies have tested similar 
interventions and report significant 
weight loss that varies in magnitude. 
However, many studies lack a com-
parison group (23–25).

Programs Using Less 
Comprehensive Digital 
Solutions
One feasibility RCT tested the com-
bination of in-person course sessions 
of an LCP supplemented with mo-
bile phone tracking, reminders, and 
messaging to enhance and reinforce 
the content from the in-person com-
ponent. The control group received 
a pedometer and an educational bro-
chure. Results showed that the inter-
vention group lost an average 6.8% of 
body weight at 5 months compared 
to a 0.3% weight gain in the control 
group (P = 0.001) (26).

Another pilot took the opposite 
approach, completely automating the 
coaching component of the LCP (27). 
Participants received 1 year of regular 
contact through individually tailored 
goal-setting, automated emails, and 
automated motivational coaching 
phone calls. Despite the lack of a 
human coach, 70.6% of individuals 
remained engaged in the sixth and 
final month of the LCP, and mean 
body weight loss was 3.60% at 6 
months compared to 1.32% in the 
control group (P <0.001).

Digital Programs Using Video 
or Telephone Delivery
LCPs delivered via tele-visit approach-
es demonstrate mixed results. A ran-
domized comparative effectiveness 
trial tested a text message–based LCP 
in which participants received six text 
messages each week for 1 year. Text 
message content was based on the 
DPP LCP curriculum and focused on 

nutrition, physical activity, and mo-
tivation, and participants were asked 
once weekly for their current weight. 
Participants also had the option to 
receive weekly telephone motivation-
al interviewing sessions, and both 
the intervention and control groups 
were offered several weight loss re-
sources delivered by a local health 
care system (including an in-person 
DPP-based LCP); 29.2 and 35.6% of 
the respective groups reported using 
another weight loss program during 
the study period. The results showed 
no difference between groups in the 
proportion achieving a 5% weight 
loss, with <20% of all participants 
achieving this outcome. However, 
there was a significant between-group 
difference in the proportion achieving 
a 3% weight loss (28).

In another pilot study conducted 
in a remote frontier community, a 
DPP-based LCP was delivered simul-
taneously to an in-person group and 
an off-site group via video conferenc-
ing. The two groups achieved similar 
weight loss after the 16-week core 
curriculum program; >40% lost 7% 
of their body weight (29).

Another randomized comparative 
effectiveness trial (30) compared an 
LCP delivered via telephone to indi-
vidual participants versus to groups. 
The DPP curriculum was adapted 
to be delivered by a primary care 
provider educator through group 
conference calls or individual phone 
calls during the first year of the 
study; the second year used a mod-
ified 12-session curriculum based on 
DPP materials. Completion rates and 
mean percentage of weight loss were 
similar for the individual and group 
interventions at 12 months (4.2 and 
4.5%, respectively), but the group 
participants experienced greater 
weight loss at 2 years (1.8 vs. 5.6%, 
P = 0.016).

Research in Specific 
Populations
Limited available research suggests 
that digital LCPs intended to prevent 
type 2 diabetes can be tailored to spe-
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cific populations. A randomized pilot 
of a video-conferencing LCP target-
ed to obese men led to an average 
weight loss of 3.5% of body weight 
at the end of the intervention period 
(31). Omada conducted a feasibility 
study of a Spanish-language LCP in 
a low-income Spanish-speaking pop-
ulation and found high engagement 
after 4 weeks of engaging with the 
program, but some participants had 
difficulty with the technology (32).

Participant Satisfaction and 
Engagement
Participants in digital LCPs report 
high satisfaction and positive percep-
tions of these programs. Surveys and 
focus groups suggest that people are 
willing to engage with LCPs using a 
variety of digital health solutions and 
see potential for this to provide real- 
time professional and peer support, as 
well as an opportunity to model and 
practice weight loss skills and healthy 
behaviors (33,34). One study of a 
6-month LCP reported >75% par-
ticipant satisfaction rates with the 
program’s entire “virtual package,” 
as well as high ratings of individu-
al components such as virtual small 
group dynamics and the technology 
used (35). Another study of women 
veterans enrolled in the Omada LCP 
found that participants perceived that 
the program was a good fit for their 
health needs and integrated easily into 
their daily life (36).

Digital LCPs also offer an oppor-
tunity to collect granular data 
regarding participant engagement, 
providing insights into which compo-
nents of an LCP drive effectiveness. 
A Noom study (37) found that both 
food tracking and group participation 
positively predicted weight loss. An 
Omada study (19) also found that 
group participation predicted weight 
loss, but tracking and completion 
of lessons was not associated with 
weight loss.

Cost Outcomes Associated 
With Digital LCPs
Omada has published two studies us-
ing economic simulations to predict 

the potential cost savings associated 
with its digital LCP. The first study 
examined a general participant pop-
ulation with prediabetes (38), and the 
second focused on a Medicare-age 
population with prediabetes (39). For 
the general prediabetes population, 
the model predicted that the digi-
tal LCP would result in cumulative 
per-person medical savings of $1,533, 
$3,317, and $10,043 at 3, 5, and 10 
years, respectively, among participants 
who completed at least four lessons. 
Predicted savings was greater among 
participants who completed at least 
nine lessons. In the Medicare popu-
lation, the model predicted that the 
digital LCP would result in a cumu-
lative per-person medical savings of 
$1,720, $3,840, and $11,550 at the 
same time points. This was a relative-
ly conservative estimate in which it 
was assumed that participants would 
regain at least some weight over time. 
In the general population, the medi-
cal savings exceeded the intervention 
costs around the 3-year time point. 
The break-even point occurred ear-
lier in the Medicare population, at 
around 1–2 years.

Discussion
Digital health–supported LCPs can be 
delivered through a variety of modes, 
including telephone or video confer-
encing, text messaging, mobile apps, 
and online platforms. Although the 
quality of the published research on 
digital LCPs varies substantially, there 
is fair- to good-quality evidence that 
these programs are effective in achiev-
ing clinically significant weight loss 
and often have high engagement rates.

It should be noted that many stud-
ies recruited participants directly and 
thus may have incurred a selection 
bias for those patients who would 
prefer a digital delivery method. 
Although selection bias may be a 
threat to the validity of these studies, 
it may not actually represent a sub-
stantial limitation because it reflects 
the real-world implementation of 
LCPs, in which individuals self-select 
whether they will participate. 

Very few studies of digital LCPs 
included participants who ref lect 
the demographics of the general 
U.S. population. Most studies 
included populations that are largely 
Caucasian, female, college-educated, 
and located close to an urban area. 
A broad review of technology-based 
interventions to reduce cardiovascu-
lar risk among priority populations 
such as racial and ethnic minorities 
and individuals of lower socioeco-
nomic status found that technology 
offers the opportunity of tailoring 
interventions to specific populations. 
However, available research is sparse 
and mostly limited to pilot studies 
involving Latino and non-Hispanic 
black participants (40).

Outside of the United States, a 
trial conducted in a South Asian 
Indian population with prediabetes 
found good evidence supporting a 
monthly telephone-delivered LCP, 
which resulted in a reduction in rela-
tive risk of type 2 diabetes of 28.5% 
at 3 years (41). However, this LCP 
was a significant departure from that 
of the original DPP research study, 
and it is not clear whether it would 
translate well to South Asian popu-
lations in the United States.

Noom and Omada offer their 
programs in a variety of languages 
in addition to English, although 
no studies have evaluated the 
cultural competence of digital health– 
supported LCPs. Although it could 
be hypothesized that digital transla-
tions would not differ significantly 
from in-person programs in this 
context, research would be helpful to 
confirm this hypothesis.

Many experts are optimistic 
that digital health–supported LCPs 
offer opportunities to reach and 
tailor content to underserved popu-
lations, including racial and ethnic 
minorities, men, and rural residents. 
However, without a sound evidence 
base, clinicians cannot confidently 
recommend digital health–supported 
LCPs to some of these priority pop-
ulations, and further research is 
urgently needed.
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We identified no direct compar-
isons of a digital health–supported 
LCP to an in-person LCP for the 
purposes of preventing type 2 dia-
betes, nor did we find a comparison 
of a comprehensive digital LCP to a 
program that supplemented in-person 
sessions with digital tools. These 
comparisons could be beneficial in 
designing future programs to expand 
the reach of LCPs.

However, the question of whether 
an in-person LCP or a digital LCP 
is more effective across a broad pop-
ulation is likely not a particularly 
important question. Rather, as the 
number of LCP options continues 
to grow, clinicians need evidence to 
guide individual patients in selecting 
the LCP in which they personally 
will be most likely to succeed. In 
other words, what are the key LCP 
and patient criteria that determine 
the best LCP-patient match, if any? 
Also, do patient outcomes improve if 
patients are offered a choice of LCP 
delivery methods and can select a 
program that best meets their needs? 
The option for patients to customize 
their delivery modes and digital tools 
may pave the way to personalized 
LCPs and possibly even increased 
participation in LCPs. 

Limited research demonstrates 
positive patient experiences and 
perceptions of digital LCPs, and sev-
eral studies show high participant 
engagement with these programs. 
Participant-level data from the CDC’s 
DPRP demonstrate a dose-response 
relationship between the number of 
LCP sessions that participants attend 
and the weight loss they achieve (42). 
When considering in-person LCPs, 
the most straightforward measure-
ment of participant engagement is 
the number of sessions attended. 
However, comprehensive digital 
LCPs collect large quantities of 
granular data regarding participant 
engagement with several compo-
nents of their programs. This creates 
an opportunity to develop a more 
nuanced understanding of different 
forms of participant engagement and 

of how quantity and type of engage-
ment interact to affect weight loss 
outcomes.

Omada and Noom have begun to 
collect and publish data on the effects 
of specific components of their pro-
grams that can influence weight loss 
but are just beginning to scratch the 
surface of this new terrain. Research 
that more deeply evaluates partic-
ipant engagement could shape the 
next generation of not only dig-
ital LCPs, but also all LCPs in the 
National DPP.

The original DPP trial provided 
one-on-one coaching to participants 
and was highly effective. However, 
delivering an LCP on an individ-
ual basis was quite labor-intensive 
and expensive, so translation of the 
DPP curriculum to a group setting 
was a key step to begin scaling the 
National DPP to a larger audience. 
Digital health–supported LCPs can 
mimic one-on-one coaching inter-
actions through their individualized 
platforms and are able to automate 
certain components of the program, 
such as feedback on dietary and 
physical activity tracking data or 
reminders to participants, thereby 
reducing the human resources 
required to deliver an LCP.

If we seek to reach the 84 million 
Americans with prediabetes, there is 
no question that digital health–sup-
ported LCPs are an essential and 
growing piece of the National DPP 
initiative. Additionally, digital LCPs 
can deliver personalized coaching and 
simultaneously provide opportunities 
for the group interactions and sup-
port that are a valuable component 
of LCPs. In other words, digital LCPs 
do not require a choice between indi-
vidual or group-based interactions 
because both are possible without 
significantly changing the structure 
or cost of the program.

Digital LCPs that involve mobile 
components also quite literally extend 
the program into the community. 
Participants interact with the pro-
gram to implement healthy lifestyle 
changes at the actual places and times 

they need help with behavior modifi-
cations. This model aligns directly to a 
key tenet of the National DPP, which 
is to be grounded in the community 
and to meet participants when and 
where they need assistance. In this 
way, digital health–supported LCPs 
offer an exciting and scalable means to 
form stronger linkages for our patients 
between the clinical world and the 
day-to-day community setting. 

Despite the gaps in literature 
described above, digital health solu-
tions to prevent type 2 diabetes have 
a more robust evidence base than 
the vast majority of digital health 
solutions targeted toward consum-
ers (43). However, in addition to the 
need to broaden the evidence base, a 
number of other practical challenges 
impede the adoption of digital LCPs. 
An AMA survey (16) determined that 
clinicians have four key questions 
about digital health: “Does it work?” 
“Does it work in my practice?” “Will 
I get paid?” and “Will I get sued?” 
The first question has been discussed 
here extensively, and the other ques-
tions speak to issues that need to 
be addressed before digital health– 
supported LCPs can be adopted 
widely. There are several factors that 
influence uptake, including lack of 
clinician awareness, implementation 
challenges (such as referral processes), 
and varying levels of insurance cov-
erage and costs. Superimposed on 
these factors, the general digital 
health environment in the country 
is evolving, and issues around the 
Health Insurance Portability and 
Accountability Act (HIPAA), data 
security, and digital health regulations 
are in constant flux. Figure 1 depicts 
the relationship of these factors to 
the adoption of digital LCPs in the 
clinical setting. As health care deliv-
ery organizations successfully address 
these barriers to implementing digital 
health solutions, it is imperative that 
they publish their experiences so that 
best practices for the adoption of dig-
ital LCPs are documented and spread.

It is worth noting that digital 
LCPs have the potential to generate 
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cost savings for the health care system 
(37,38,42). Whether this will translate 
to more consistent insurance coverage 
for digital LCPs remains to be seen. 
Digital health–supported LCPs are 
currently excluded from the Medicare 
coverage for type 2 diabetes preven-
tion LCPs that began in 2018 because 
they were not included in the model 
test that led to payment for in-person 
diabetes prevention LCPs (44).

Conclusion
Digital LCPs can expand access for 
patients who struggle to attend an 
in-person LCP or prefer a digital 
health solution. Gaps in evidence 
and implementation include a dearth 
of research regarding program effec-
tiveness and implementation best 
practices in priority populations and 
guidance for clinicians seeking to de-
termine the best patient-LCP match. 
Deeper exploration is also needed to 
characterize how participant engage-
ment with different components of 
digital LCPs affects outcomes. Future 
work should address these gaps using 
pragmatic study designs that examine 
the clinical and organizational con-
text for the adoption of digital health 
LCPs for the prevention of type 2 di-
abetes. As the United States strives to 
reduce the burden of type 2 diabetes, 
digital health–supported LCPs can 

innovatively bridge the clinical and 
community settings and are an im-
portant addition to our national type 
2 diabetes prevention strategy.

Disclaimer
The findings and conclusions in this report 
are those of the authors and do not neces-
sarily represent the official position of the 
American Medical Association.
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