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Introduction: Online Diabetes Prevention Programs (DPPs) can be scaled-up and delivered
broadly. However, little is known about real-world effectiveness and how outcomes compare with
in-person DPP. This study examined online DPP weight loss and participation outcomes and
secondarily compared outcomes among participating individuals with parallel in-person
interventions.

Study design: A large non-randomized trial supplemented by a comparative analysis of
participating individuals from a concurrent trial of two parallel in-person programs: in-person DPP
and the Veterans Administration’s standard of care weight loss program (MOVE!).

Setting/participants: Obese/overweight Veterans with prediabetes enrolled in online DPP
(m7=268) between 2013 and 2014. Similar eligibility criteria were used to enroll in-person
participants between 2012 and 2014 (=273 in-person DPP, n=114 MOVE!) within a separate trial.

Intervention: Online DPP included a virtual group format, live e-coach, weekly modules
delivered asynchronously and wireless home scales. In-person programs included eight to 22
group-based, face-to-face sessions.

Main outcomes measures: Weight change at 6 and 12 months, using wirelessly uploaded
home scale data or electronic medical record weights from clinical in-person visits. Outcomes
were analyzed between 2015 and 2017.

Results: From 1,182 invitations, 268 (23%) participants enrolled in online DPP. Among these,
158 (56%) completed eight or more modules; mean weight change was —4.7 kg at 6 months and —
4.0 kg at 12 months. In a supplemental analysis of participants completing one or more sessions/
modules, online DPP participants were most likely to complete eight or more sessions/modules
(87% online DPP vs 59% in-person DPP vs 55% MOVE!, p<0.001). Online and in-person DPP
participants lost significantly more weight than MOVE! participants at 6 and 12 months; there was
no significant difference in weight change between online and in-person DPP.

Conclusions: An intensive, multifaceted online DPP intervention had higher participation but
similar weight loss compared to in-person DPP. An intensive, multifaceted online DPP
intervention may be as effective as in-person DPP and help expand reach to those at risk.

INTRODUCTION

Prediabetes affects 84 million, or one in three, U.S. adults.k About 15%-30% of adults with
prediabetes will transition to type 2 diabetes within 5 years,23 and lifetime risk can be
upwards of 70%.%> However, incident diabetes risk can be lowered by 58% with intensive
lifestyle interventions, such as the Diabetes Prevention Program (DPP).6 Because DPP is a
critical diabetes prevention strategy with potential for significant public health impact,’
many translational studies have been conducted. A systematic review of 53 comprehensive
lifestyle programs showed these interventions to be effective in reducing diabetes incidence,
weight, and fasting blood glucose, with more intensive programs (more available sessions)
leading to better outcomes.8 Another systematic review of 38 DPPs found more than half
demonstrated at least 2.4 kg of weight loss.9 However, three quarters of DPPs delivered in-
person had low reach (33% or less of eligible participants participated).®
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Lack of reach significantly attenuates population impact in real-world settings.10-11 Building
evidence for online DPP is important because of its potential for increasing reach because
most U.S. adults (87%) use the Internet.812.13 This trial tested an intensive, multifaceted
online DPP for its effect on 6- and 12-month participation and weight outcomes in a real-
world clinical setting. Because direct head-to-head comparisons of online versus in-person
DPP are lacking, a supplementary analysis compares outcomes for individuals who
completed one or more sessions between online DPP and two in-person programs using data
from a parallel, two-arm trial, known as the Veterans Affairs(VVA)-DPP Trial.14.15

The study design is a non-randomized Veterans Health Administration (VHA) online DPP
trial conducted between 2013 and 2016. Eligible Veterans with prediabetes self-selected into
a 12-month online DPP developed by OmadaHealth. The primary analysis examined
participation and weight outcomes at 6 and 12 months. The IRB approved study activities at
all VHA sites, and informed consent was obtained from all participants.

Study Population

Participants were obese (BMI1=30 kg/m?) or overweight (BM1=25 kg/m?2) with one or more
obesity-related conditions and prediabetes (laboratory confirmed in prior 6 months; HbAlc,
5.7%—6.4% or fasting blood glucose, 100-125 mg/dL). Individuals with: (1) history of
diabetes in VA electronic medical records (EMRs), or (2) laboratory evidence of diabetes
(HbAlc =6.5% or fasting blood glucose =126 mg/dL), or (3) anti-glycemic medication use
other than metformin, documented in VA pharmacy records or self-reported within prior 6
months were excluded. Participants in the VA-DPP Trial, a parallel, pragmatic, two-arm trial
comparing in-person DPP (VA-DPP) with VA’s standard of care weight loss program
(MOVE!), were ineligible.

Recruitment occurred between September 2013 and June 2014 at four geographically
diverse VA sites. Recruitment integrated with established clinical processes related to
obesity screening and MOVE! referrals. One site recruited from women’s primary care; the
three remaining sites recruited from general primary care. Eligible participants were
identified using EMR data and invited to participate by letter and phone calls (i.e., no in-
person assessments required).

Online DPP was a 12-month intensive lifestyle intervention with weekly modules
(educational materials on healthy eating and exercise) delivered asynchronously through a
web-based platform. Participants were assigned to virtual, closed groups using a proprietary
algorithm with variables including age, BMI, and geographic location. Appendix Figure 1
includes an online DPP screen shot and Appendix Table 1 lists program components.

All participants received cellular-enabled (wireless) scales to remotely collect weights and
were encouraged to maintain physical activity and diet logs. A human coach monitored
online group interactions and provided individualized feedback. Participants interacted with
coaches by phone or private online messaging or both. Participants could also post online
messages for group members.
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The main login page showed a weight loss metric tracking the entire group’s progress
toward their combined weight loss goal. Each participant also had an individual progress bar
showing their progress across program requirements (completion of weekly modules, weigh-
ins).

Primary outcomes were weight change (kg) at 6 and 12 months because weight loss is a
significant predictor of diabetes risk reduction.16-18 Weight change was assessed objectively
using cellular-enabled scales. Clinical weights were extracted from the VA’s Corporate Data
Warehouse, a national data repository comprising data from local VHA EMRs, for
individuals who did not use their cellular-enabled scales.

Participation was assessed via completion of weekly online modules using modified the
Centers for Disease Control and Prevention Standards for the Diabetes Prevention
Recognition Program.19 Demographic data were obtained from VA’s Corporate Data
Warehouse. Race and ethnicity data were self-reported at enroliment; Corporate Data
Warehouse data supplemented missing data.

Statistical Analysis

Online DPP participants with two or more weight assessments, including a baseline weight
(via cellular-enabled scale or EMR), during the study window were included in the primary
analysis. A multilevel mixed effects regression model was used with all available changes in
baseline weight during 12 months follow-up as the dependent variable. Sites and participants
nested within sites were included as random intercepts to adjust for within-participant and
within-site correlations of the outcomes and moving average was used for the within-
participant errors from repeated measures. Participants using cellular-enabled scales had, on
average, significantly more weight data than participants for whom only VA EMR weights
were available. To reduce potential biases resulting from differences in the number of weight
assessments per participant, responses were treated as if they were sampled with different
sampling probabilities and weighted by the inverse of the number of weight assessments for
each participant. The model was adjusted for baseline weight, gender, race (African
American versus not), and program day since enrollment. Because of non-linear trajectories
of individuals’ weights, the model also included a days-squared term where days were
centered at 180 days before squaring to remove collinearity between days and days-squared
term. A dummy variable indicating type of weight data (cellular-enabled scale or EMR) was
included to account for potential confounding by different measurement methods, and
interaction terms of days X days-squared by the indicator for the type of weight data were
added to account for differential weight trends in those who uploaded the data versus those
who did not. From the model, predicted 6- and 12-month changes in baseline weight were
obtained. An additional analysis used percentage weight loss as the outcome of interest.

A secondary comparative analysis of online DPP included data from a parallel, non-

randomized VA-DPP Trial of two in-person groups: (1) DPP and (2) VA’s standard of care
weight loss program (MOVE!).1415 DPP consisted of 22 face-to-face sessions focusing on
7% weight loss and =150 minutes of moderate physical activity. Participants were assigned
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to one group with the same trained facilitator over 12 months (i.e., closed group). MOVE!
consisted of eight to 12 face-to-face core healthy lifestyle sessions followed by monthly
maintenance sessions. MOVE! participants could attend different groups, facilitators varied
between sessions, and there were no specified group lifestyle goals. Appendix Table 1
compares intervention components for online DPP, VA-DPP, and MOVE!.

In-person DPP and MOVE! participants were overweight/obese Veterans with prediabetes
(i.e., similar eligibility criteria as online DPP); recruitment occurred at three of the four same
sites and began 13 months prior to the online DPP trial (August 2012 to January 2014). In-
person cohorts were part of a quality improvement study with a research component; a
subset provided consent as approved by the VA IRB.

To account for differences in recruitment and enrollment processes between online and in-
person trials, which may have impacted motivation to enroll, the comparative analytic cohort
was restricted to individuals who completed one or more sessions/modules. A multilevel
mixed effects regression model was used to test the association between study arms and
change in baseline weight at 6 and 12 months. Baseline was set as the date of first session/
module completion. Weights were routinely documented in the EMR at clinical visits,
including in-person DPP and MOVE! sessions. The model adjusted for the same variables as
the primary online DPP analytic model and was similarly inversely weighted by the number
of weight assessments per participant. Additionally, the model included indicators for
different intervention groups and interaction terms between days X days-squared by
intervention group indicators. From the model, predicted 6- and 12-month changes in
baseline weight were obtained by intervention group and tested for differences across
groups. An additional analysis used percentage weight loss as the outcome of interest.

All analyses were conducted between 2015 and 2017 using Stata, version 14.1.

RESULTS

Between September 2013 and June 2014, a total of 1,182 patients were assessed for
eligibility and invited to enroll (Figure 1).20.21 A total of 268 (23%) participants consented
to participate. Online DPP participants had a mean age of 60 years (SD=11.3), BMI of 32.6
kg/m? (SD=5.5), and HbA1c 6.0% (SD=0.2); 31% were female, 12% were Hispanic and
24% were African American (Table 1). Sixty-four percent completed one or more online
modules (7=172), 59% completed four or more sessions (/7=158) and 56% completed eight
or more sessions (77=149; Table 2).

Of consented individuals, 172 (71%) uploaded two or more weights via a cellular-enabled
scale and 70 (29%) did not upload weights but had two or more EMR weights. The
remaining 26 (10%) did not have weights from either source; the primary analysis included
242 individuals. There were no significant differences between excluded individuals (/7=26)
and those included (/7=242) in the primary analysis (Table 1). Compared with participants
with cellular-uploaded weights, those with EMR weights were more likely to be male, a
racial minority, and have lower BMI (Appendix Table 2).
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Online DPP resulted in significant mean weight change of —4.7 kg (95% Cl=-6.5, -2.8) at 6
months and —4.0 kg (95% Cl=-4.9, — 3.0) at 12 months follow-up (Table 2). Mean
percentage weight change was also significant at —4.4% (95% Cl=-5.7, -3.1) at 6 months
and —-3.7% (95% Cl=-4.2, -3.2) at 12 months. Appendix Figure 2 shows the trajectory of
12-month weight change. Enrollees completing one or more modules lost significantly more
weight at 6 months (-6.4 kg) than individuals who did not (0.3 kg, p=0.004). By 12
months, the difference between those completing one or more modules and those who did
not was similar in magnitude, although marginally significant (5.7 vs 0.5 kg, p=0.068).

The separate VA-DPP Trial was conducted in three of the four online study sites with
recruitment initiated 13 months prior to the online DPP (between August 2012 and January
2014). Among 1,830 patients assessed for eligibility, 387 eligible individuals were
systematically assigned to in-person DPP (7=273) or MOVE! (=114, details available
elsewhere).1> Among these, 262 participants (/=198 VA-DPP, /=64 MOVE!) completed one
or more sessions and were included in a three-arm comparative analysis (Appendix Figure
3).

Compared with in-person DPP and MOVE! participants, online DPP participants were more
likely to be female (36% [online DPP] vs 13% [in-person DPP] vs 6% [MOVE!], p<0.001),
white (78% vs 52% vs 47%, p<0.001), Hispanic (11.7% vs 3.5% vs 9.2%, p=0.01), and had
lower mean BMI (33 vs 35 vs 34, p<0.001; Appendix Table 3). A significantly higher
proportion of online DPP participants completed eight or more sessions/modules (87% vs
59% in-person DPP, p<0.001 and vs 55% MOVE!, p<0.001; Table 3). The eight or more
sessions cut off was part of the pragmatic VA-DPP evaluation design because one MOVE!
site included eight core sessions. At 6 and 12 months, there were no significant differences
in weight change (kg or percentage) between online and in-person DPP (Table 3). Online
DPP participants had significantly greater weight change (percentage and kg) compared with
MOVE! participants at 6 and 12 months (Table 3). Appendix Figure 4 shows the trajectory
of 12-month weight change across the three arms.

DISCUSSION

Participants enrolled in an intensive, multifaceted online DPP intervention had significant
weight change of —4.7 kg at 6 months and — 4.0 kg at 12 months follow-up. On average,
online DPP participants lost 3.7% of their baseline weight at 12 months. This estimate falls
within the 3.3%-7.5% weight loss reported by prior online DPP studies.13:22-29 However, in
this study outcomes are reported for 90% of consented individuals, including dropouts and
those who did not participate at all because EMR weights were used if cellular-enabled scale
weights were missing. For context, a novel secondary analysis compared outcomes for
participants in online DPP versus in-person DPP and MOVE!. Online DPP had significantly
higher participation than in-person DPP and MOVE!. Direct head-to-head comparisons of
online versus in-person DPP are lacking but studies of online DPP studies have generally
reported high rates of participation. For example in one prior online DPP study, the number
of participants completing four or more and nine or more modules was 95% and 92%
respectively.28 In addition, a meta-analysis of DPP translation studies has shown the number
of DPP sessions completed strongly correlates with the number of sessions offered (r=0.90,
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p<0.01) so it is not entirely surprising that this online DPP intervention, which included
weekly modules over 12 months, led to higher rates of participation.3° At 6 and 12 months,
weight change (kg and percentage) was not significantly different between online and in-
person DPP. Online and in-person DPP participants had higher weight loss (percentage and
kg) at 6 and 12 months compared with MOVE! participants.

Several features distinguish this study from prior online DPP trials. First, weight loss
outcomes among dropouts, or those without cellular-enabled scale data, were assessed using
EMR data, which enabled inclusion of 90% of consented participants. To date, most
published online DPP trials have included outcomes only for the subsample of participants
with available follow-up weights (i.e., a motivated subgroup not lost to follow-up).
22,23,28,29.31 |n comparison to three online DPP studies where loss to follow-up was
addressed or attrition was minimized, dropout rates ranged between 10% and 16% and
weight loss outcomes ranged between 3.3 and 4.7 kg at 6-12 months follow-up.24:30:32
Thus, the mean weight loss of 4.0 kg at 12 months reported in this trial is comparable to
outcomes in prior trials where loss to follow-up was addressed or attrition was minimized.
Overall, rigorous studies of online DPP have been relatively sparse. Tracking EMR or
population-level data lowers the risk of bias from attrition bias and missingness and
increases the robustness of findings reported in this study.

Second, a comparison of online versus in-person DPP has not previously been reported. The
secondary comparative analysis included two in-person comparators (in-person DPP and
MOVE!) as parallel control groups, whereas most prior online DPP studies have reported
single group, pre—post comparisons.22:23.24.28.29.31 Third, study participants were
predominantly men, who are traditionally underrepresented in both DPP translational30:33:34
and weight loss studies.3> About 24% of online DPP participants were African Americans
and 11% were Hispanic; participants were recruited from four geographically different U.S.
sites. Because participants were Veterans receiving care in VHA, they were likely to have a
lower SES and higher comorbidity burden, particularly mental health comorbidities.36:37
Thus, findings from this study are applicable to segments of the population less frequently
included in previously published trials of online interventions.33 This is also the largest trial
of online DPP conducted in a non-Medicare population.

These results indicate the effectiveness of the online DPP intervention tested in this study.
This intervention included several distinct features, such as individualized feedback from
trained human coaches and frequent self-monitoring using cellular-enabled scales,
previously associated with improved outcomes in prior online weight loss trials.27:32:38-47
The online DPP also included social media features, which allowed participants to interact
with one another in restricted (i.e., closed) online groups to help improve program retention.
48.49 Each of these features increases the frequency of potential “touches” participants
receive over time. The breadth and diversity of these potential touches may help enhance
appeal across a broader population. For example, prior work has shown that some online
DPP participants were more motivated after receiving a wireless scale to self-monitor weight
(i.e., accountability to the scale), whereas others were more motivated by group-based
weight loss goals (i.e., accountability to the group).59 These distinct features can be readily
combined in an online DPP intervention to engage a higher proportion of individuals across
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a population. In addition, the user interface was appealing and user friendly, which is an
additional feature of successful online weight loss programs.2” Future studies examining
how online DPP intervention components can work together to impact participation and
engagement are key. Overall, asynchronous delivery may help increase convenience and
provide needed flexibility to help address some of the known patient-level barriers of in-
person DPP to expand reach among eligible participants.>°

There are several important limitations to consider. First, this study included Veterans
receiving care in the VHA, which may limit generalizability. However, the sample includes
less studied groups, such as men, racial/ethnic minorities, and those with lower SES.
Second, trial participants were not randomized and recruitment process differences may
have biased the three-arm comparison results. However, the risk of bias was mitigated by
only comparing participants who were motivated enough to complete one or more sessions
of their program and by adjusting the model for differences in baseline characteristics.
Third, there were two weight assessment methods: cellular-enabled scales (online DPP only)
and in-person clinical visits. Therefore, all analytic models adjusted for weight assessment
type to reduce the potential impact of bias. Seasonal variation in weight may have impacted
6-month results but are unlikely to explain 12-month weight differences. Additionally,
objective physical activity data was not collected so impact of the programs on physical
activity could not be assessed. Lastly, it is important to note that one site unique to the online
DPP trial recruited from the women’s health clinic, which likely contributed to the higher
proportion of women who participated in the online program.

CONCLUSIONS

An intensive, multifaceted online DPP intervention with human coaches, objective self-
monitoring, individualized feedback, and social online groups led to a mean weight loss of
4.7 kg and 4.0 kg at 6 and 12 months respectively. Compared with in-person DPP, online
DPP participants who completed one or more sessions/modules had significantly higher
participation but comparable weight change. This is one of the first studies to report weight
outcomes irrespective of the level of engagement with an online DPP intervention and to
examine outcomes compared with in-person DPP. Overall, these findings may have
important implications for national efforts to disseminate DPP.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Met Preliminary Eligibility
Invited Via Mailed Letter
n=1182

Excluded n =914 (77%)
245 Did not meet inclusion criteria
317 Could not confirm eligibility
352 Declined to participate

A

Consented and Medically Cleared
n= 268 (23%)

»| Excluded n = 26 (<2 weights) |

Y\
Included in
Analytic Cohort
n=242

Figure 1.
CONSORT diagram of participant flow through online DPP.

aDiabetes was defined by HbA1c>6.4% or FPG>125 mg/dL, diabetes medications or
diagnosis.
VA-DPP, VA Diabetes Prevention Program; BL, baseline; FPG, fasting blood glucose.
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Baseline Characteristics of Online DPP Participants.

Page 13

Characteristic Consented for online DPP Included in primary Excluded from primary  p-value Included
= analysis N=244 analysis N=26 vs excluded

Female, n (%) 82 (30.6) 63 (36.6) 6 (23.1) 0.38
Age, years, mean (SD) 60.3 (11.3) 60.1 (10.8) 62.7 (11.2) 0.26
Weight, kilograms, mean (SD) 98.5(18.7) 99.5 (19.3) 94.5 (6.6) 0.67
BMI, kg/m?2, mean (SD) 32.6 (5.5) 33.3(5.6) 31.6 (3.3) 0.70
Ethnicity, n (%)?

Hispanic 31(11.6) 21(12.2) 1(4.0) 0.21
Race, n (%)a 0.18

Black 65 (24.3) 32 (18.6) 7(26.9)

White 191 (71.3) 133 (77.3) 18 (69.2)

Other 10 (3.7) 7(4.1) 0(0.0)

Missing 2(0.7) 0 (0.0) 1(3.8)
Comorbidities, n (%)

HTN 175 (65.3) 112 (65.1) 15 (57.7) 0.39

CAD 33 (12.3) 19 (11.0) 3(11.5) 0.90

Mental health 120 (44.8) 73 (42.4) 11 (42.3) 0.79

6.0 (0.2) 6.0 (0.2) 6.0 (0.2) 0.39

HbA1c %, mean (SD)b

a o
22 missing values.

bll had baseline Alc <5.7% and 6 had baseline A1c>6.4%.

DPP, Diabetes Prevention Program; HTN, hypertension; CAD, coronary heart disease.
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Table 2.
Primary Outcome: Participation and Weight Change in Online DPP Cohort at 6 and 12-Months

Outcomes Online DPP participants
Participation in first 6 months, n (%) N=268
Completed 1+ sessions 172 (64.1)
Completed 4+ sessions 158 (59.0)
Completed 8+ sessions 149 (56.0)
Predicted mean change in weight (kg) N=2422
Kg weight loss at 6 months (95% CI) -4.7 (-6.5, -2.8)
Kg weight loss at 12 months (95% CI) -4.0 (4.9, -3.0)
Predicted mean change in weight (%) N=2422
% weight loss at 6 months (95% CI) -4.4 (-5.7,-3.1)
% weight loss at 12 months (95% CI) -3.7(-4.2,-3.2)

Note: All predicted mean changes in weight reported were significantly different from zero (p<0.001).

a26 patients who did not have >2 available weights were excluded from the analysis.

DPP, Diabetes Prevention Program.
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Table 3.

Page 15

Participation and Weight Change at 6 and 12 Months for Individuals Completing >1 Module/Sessions in
Online DPP vs In-person DPP (VA-DPP) or MOVE!.

Qutcomes Online DPP 1+ In-person DPP MOVE! 1+ visit p-value p-value
session N=1802 1+ visit N=198 N=64 Cp)gpsr;i\g;r; Ol\?%?/?f
Participation in first 6 months, n (%)
Completed 4+ sessions 165 (91.7) 157 (79.3) 48 (75.0) 0.001 0.001
Completed 8+ sessionsb 156 (86.7) 116 (58.6) 35 (54.7) <0.001 <0.001
Predicted mean change in weight (kg)
Kg weight loss at 6 months (95% CI) -4.8 (-5.5,-4.2) -4.0 (-5.9,-2.2) -1.1(-2.8, 0.6) 0.53 0.002
Kg weight loss at 12 months (95% CI) ~ -4.1(-4.9, -3.3) -3.9(-54,-2.3) 0.10 (-1.7,1.9) 0.84 <0.001
Predicted mean change in weight (%)
% weight loss at 6 months (95% Cl) -48(-55,-42)  -3.7(-5.4,-2.0) -0.8(-2.3,0.7) 0.35 <0.001
9% weight loss at 12 months (95% CI) ~ -4.1(-4.8,-3.4)  -3.5(-4.8, -3.4) 0.3(-1.6,2.2) 0.54 <0.001

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

aThe baseline date for this three-arm analysis was the date of completion of the first session/module. There are eight additional online participants
in comparative cohort (Table 3) than in online only analytic cohort (Table 2). This is because eight additional persons did not have weight at study

enrollment (baseline), but had weights by the time of their first online session (baseline for comparative cohort).

The CDC DPRP includes a milestone focusing on nine or more sessions attended but >8 sessions was part of the pragmatic evaluation design
because one MOVE! site included eight core sessions.

VA-DPP, VA Diabetes Prevention Program; CDC, Centers for Disease Control and Prevention; DPRP, Diabetes Prevention Recognition Program.
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