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Abstract: Background/Objectives: At our institution, we implemented the Centers for Disease
Control and Prevention’s (CDC’s) lifestyle change diabetes prevention program using the in-person
modality. However, the recent pandemic compelled us to move our diabetes prevention program
from an in-person to a distance learning modality. We evaluated and compared participant outcomes
between these two modalities. Methods: Participants reported weight in pounds and physical
activity in minutes in each session as primary outcomes to their lifestyle coaches. Outcomes were
coded according to the goals of the diabetes prevention program as depicted by the CDC’s Diabetes
Prevention Recognition Program Standard for Operating Procedures: (i) weight loss 25.0% of the
starting weight and (ii) Physical activity 2150 minutes. Paired sample t-test was performed to examine
the association between modality and outcome. Results: A total of 115 participants completed the
diabetes prevention program from May 2018 to April 2023 (53 in-person and 62 distance learning).
On average, they lost 11 Ibs and increased their physical activity by 186 minutes. There was no
difference in outcomes between the two modalities (p>0.6 each). Weight loss was more observed
among whites in the in-person class (coeff.= 0.04, p<0.05), and physical activity increase was higher
among those having higher education, regardless of the modality (coeff.=138.6, p<0.05). Conclusions:
There is no difference in outcomes between the in-person and distance learning modalities, indicating
that this pandemic-induced adaptation could still lead to the desired program outcomes.
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1. Introduction

There are currently 98 million people with prediabetes in the U.S., with over 10% converting to
Type 2 Diabetes yearly [1]. To help prevent individuals with prediabetes from progressing to Type 2
Diabetes, the National Diabetes Prevention Program (DPP) year-long curriculum, PreventT2®, was
developed. The program's goals are to have participants lose 5-7% of their starting weight and
achieve > 150 minutes of weekly physical activity. In addition, the reduction of hemoglobin Alc (Alc)
by 0.2% is considered a success marker [2]. PreventT2® has been proven to reduce diabetes risk by
58% compared to metformin at 31% [3]. The DPP accomplishes these goals by promoting self-
monitoring, self-efficacy, and social support to help participants create healthy eating and physical
activity habits. If left without intervention, 15-30% of people with prediabetes will develop Type 2
Diabetes within 5 years [4].

Diabetes is one of the top causes of death and decreased life expectancy globally [5]. Diabetes
increases the chance of mortality by raising the risks of developing and progressing to severe
prognosis of stroke, cardiovascular disease, cancer, COVID-19, and infections [6,7]. One of the best
ways to delay diabetes onset and manage its detrimental effects on the body is through diabetes
prevention [8]. Type 2 diabetes is common in people over 45 years of age or those in a
hypercoagulable and pro-inflammatory state [6]. The Coronavirus Disease 2019 (COVID-19) infection
is known to trigger hyperinflammation and damage pancreatic beta cells. The resulting
hyperglycemia has been linked to an increase in the severity of COVID-19 symptoms and mortality
risk [9,10]. These factors make diabetes one of the most important underlying factors of severe
COVID-19 symptoms and an increased mortality rate [6]. However, among people with diabetes who
have contracted the COVID-19 infection, adequate glycemic control has been correlated with better
pulmonary function and immune response [11].

Before the pandemic, the majority of National Diabetes Prevention Programs, which offered
group support, interactivity, motivation, accountability, and patient empowerment, were in-person
(IP). Less-used modalities included distance learning (DL) and online learning. The COVID-19
pandemic forced many programs to switch rapidly to the DL modality. With the Centers for Disease
Control and Prevention (CDC) allowing DPPs to be delivered virtually and Medicare flexibility using
DL instead of the IP modality, DL was widely adopted. Combination modality was allowed post-
pandemic [2].

During the pandemic, the DL modality was widely used as a viable option[12]. However, the
outcomes of using technology for DL were mixed, as some suggested that technology increased
disparities, whereas others claimed that technology closed the gap[13]. The use of digital technology
in people with prediabetes or diabetes has been reviewed elsewhere, indicating that most
randomized clinical trials endorsed technology use as it had high efficacy, enhancing patient
engagement [14]. During the height of the COVID-19 pandemic, a group of older adults with type 2
diabetes transitioned from an in-person exercise intervention and education program to an online
program. The online program was as effective as the in-person program, improving physical fitness
and waist circumference [15]. In people with prediabetes, technology, which can be tailored to users’
needs [16], was shown to help reduce their weight [17,18], and Alclevels [17] compared to non-users.
Barriers to technology use include cost, sustainability, and integration with healthcare systems [14].
Considering other barriers to chronic disease self-management during the pandemic [19], we aimed
to evaluate the DPP outcomes between the two modalities. This evaluation is a quality improvement
project to provide insight into using both modalities to deliver the DPP. Our Institutional Review
Board deemed the DPP as a non-research project. Consents were not collected from DPP participants.
The data presented here were collected under a Quality Improvement Initiative and, as such, do not
constitute research on human subjects. This initiative is reported based on the Standards for Quality
Improvement Reporting Excellence (SQUIRE 2.0).

2. Materials and Methods
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Program Description: The year-long DPP at our institution is part of the National DPP utilizing
the CDC-accredited PreventT2® curriculum. The curriculum is divided into months 1-6 with 16
weekly sessions completed within 26 weeks, and months 7-12 with monthly or bi-monthly sessions,
a total of 26 sessions. Each session occurs in a group setting and lasts for 1 hour led by a lifestyle
coach. All lifestyle coaches underwent twelve hours of training to be certified as required by the CDC.
The program features an approach that is proven to stop or delay prediabetes from progressing
into type 2 diabetes. It focuses on improving food choices and increasing physical activity (PA) with
the goals to 1) attain 4-7% weight loss, 2) get 150 min of PA weekly, and 3) decrease Alc by 0.2% or
more, to achieve diabetes risk reduction.

Sessions were offered using IP or DL modality over the Zoom® platform. At the beginning of
each of the IP sessions, lifestyle coaches recorded the weights of participants in private and collected
their food and PA logs kept during the week before the session. Before each DL session, participants
privately reported to their lifestyle coaches their current weight, their food and calorie intake, and
minutes of PA by text messages, emails, or verbally. The privacy of the data collection process
allowed people to honestly report their data to their coach. According to the CDC, self-reported data
is a valid and accepted form of data reporting for the DL modality. Attendance was taken at each
session by lifestyle coaches. All of the above information was recorded and used to help lifestyle
coaches monitor their participants’ progress. The DPP was offered free of charge to all participants,
thanks to the support of the Texas Department of State Health Services. Participants were recruited
through direct referrals from healthcare providers, health fairs, inquiries on our electronic medical
records, and self-referral through our website.

Data Source: All DPP participants who completed the program from May 2018 to April 2023
were included in this analysis. The inclusion criteria for DPP participants include being 18 or older,
having a BMI of 25 or greater, (23 or greater, if Asian American), or having either a history of
gestational diabetes or being diagnosed with prediabetes through a blood test like finger prick
glucose, fasting plasma glucose, oral glucose tolerance test or Alc. Exclusion criteria include those
younger than 18 years of age, diagnosed with type 1 or type 2 diabetes, or who were pregnant.

Measurements: All CDC-Diabetes Prevention Recognition Program (DPRP) outcomes were
measured before and after the completion of the one-year program. The primary outcome variable is
weight (in Ibs.) and the percentage of weight change. The secondary outcomes were the level of PA
in minutes and the change in PA. Alc was not collected for the IP classes as it was not a requirement
before the latest 2021 DPRP Standards of Operating Procedure, and all IP classes reported here were
conducted prior to 2021.

The first predictor was the class modality (IP or DL). The second set of predictors was the
participant’s age, gender, combination of race and ethnicity, and education. Because the number of
participants who self-reported as Asian Americans, Pacific Islanders, or Native Americans was
relatively small, we combined them into one group (Others).

Analysis: Descriptive analysis was conducted to compare participant characteristics by class
modality (in-person versus DL). Chi-squared and Student’s t-test were used to further profile the
participants of the two groups and determine any differences in their demographic characteristics;
Chi-Square was performed for categorical variables (gender, combined race and ethnicity,
education), and Student’s t-test was performed for a continuous variable (age). The bivariate analysis
was conducted to stratify the outcomes by class modality. As all the outcome variables are numeric,
a t-test was performed to examine whether the difference in weight loss and PA improvement
between in-person participants and DL participants is significant. We merged participants of both
modalities and constructed two linear regression models to identify which personal characteristic
predicts weight change and PA improvement. For each of the in-person and DL groups, we also
conducted a linear regression to examine the association between two outcomes (weight and PA
minutes) and four personal characteristics (age, gender, combination of race and ethnicity, and
education). Both outcomes are numeric and continuous (i.e., non-binary), so we reported the
coefficient results. We performed a subset of analyses using mixed modeling and difference-in-
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difference techniques and no confounding effect by participation cohort or time was found. The
analysis was performed by Stata v18.0 and any p-value less than 0.05 is considered statistically
significant.

3. Results

A total of 138 participants enrolled in the DPP from May 2018 to April 2023. Out of these, 115
completed the DPP (n=53 and 62 in the IP and DL modalities; respectively). Almost 25% of our
participants are our institution employees (Texas BlueCross BlueShield Beneficiaries), and 33% were
Medicare beneficiaries. The characteristics of participants enrolled in both modalities are listed in
Table 1. There were no statistically significant differences in the population demographics between
the two class modalities. The average age of participants was 56.3. Most of the participants were
whites (61%), females (82%), and had completed a college or higher education status (59%).

Table 1. Population Demographics by Class Modality.

Total In Person Distance
(N=115) (n=53) Learning p-value
(n=62)
Age 56.3+1.2 57.8+19 55.0+1.6 0.26
Female (n, %) 94 (82%) 41 (77%) 53 (86%) 0.19
Race & Ethnicity 0.41
(j)zjlan American and Other Races (n, 5 (4%) 102%) 4 (7%)
Black (n, %) 16 (14%) 7 (13%) 9 (15%)
Hispanic (n, %) 33 (29%) 13 (25%) 20 (32%)
White (n, %) 61 (53%) 32 (60%) 29 (47%)
Education 0.68
Grade 12 or GED (n, %) 10 (9%) 6 (12%) 4 (7%)
College 1-3 years (n, %) 35 (32%) 15 (29%) 20 (35%)
College 4+ years (n, %) 64 (59%) 31 (60%) 33 (58%)
Age 56.3+1.2 57.8+19 55.0%+1.6 0.26

Table 2 compares the program outcomes by class modality. There was no statistically significant
difference in starting weight, end weight, and weight variation between the two modalities. The
weight loss in the DL modality is comparable to that in the IP modality (p=0.80). While the starting
PA minutes were significantly higher in the DL group (p<0.001), the level of PA increase was higher

in the IP group (p<0.001).
Table 2. Program Outcomes by Class Modality.
Total In Person Distance Learning
(N=115) (n=53) (n=62) p-value
Start Weight in Ibs 214 +57 216 +57 212 +57 0.66
End Weight in Ibs 203 +57 205+ 57 201 +58 0.72
Weight Loss in Ibs 11+12 11 +10 10+13 0.71
Weight Loss in % 5.1% £0.1 5.2% +0.1 5.0% 0.1 0.80
Weight Loss<4.0% (n, %) 45 (39%) 18 (34%) 27 (44%) 0.60
Weight Loss 4.0~4.9% (n, %) 13 (11%) 7 (13%) 6 (10%)
Weight Loss 25.0% (n, %) 57 (50%) 28 (53%) 29 (47%)
Start PA in minutes 63 +10 8+6 109 +15 <0.001
End PA in minutes 249 +20 282 +37 220+21 0.13
Level of PA Increase 186 + 22 274 + 37 111 +22 <0.001
End PA<150 minutes (n, %) 53 (46%) 19 (44%) 34 (47%) 0.80
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End PA>150 minutes (n, %) 62 (54%) 24 (56%) 38 (53%)

Table 3 shows the Diabetes Prevention Recognition Program (DPRP) criteria for success for
completers. Alc was not collected for the IP classes as it was not a requirement before the 2021 DPRP
Standards of Operating Procedure, and all IP classes reported here were conducted before 2021. There
were no significant differences between the DPRP criteria between the two modalities (p>0.05 each).
Despite the lack of Alc data for the IP group, an Alc reduction of 20.2% was achieved in 72% of
reporting DL completers.

Table 3. CDC’s Diabetes Prevention Recognition Program (DPRP) Criteria of Success by Class Modality for

Completers.
Total In Person Distance
DPRP Criteria (N=115) Learning p-value
(n=53)
(n=62)
Weight Loss 25.0% (n, %) 57 (50%) 28 (53%) 29 (47%) 0.60
ight Loss >4.0% End PA >1

Weight Loss 24.0% and End 50 49 (43%) 24 (45%) 25 (40%) 0.59
minutes (n, %)

Alc reduction 20.2% (n, %) N/A NR 18 (72%) N/A

Table 4 shows the associations between participant characteristics and outcomes by class
modality. Being white was associated with more weight loss; a result observed in all participants and
those in the IP modality group (p<0.05 each vs. Others). Participants who completed college or higher
education were more likely to increase PA (p<0.05 vs. other educational status). Finally, participants
in the IP modality had higher PA changes than their DL counterparts (p<0.05).

Table 4. Association between Participant Characteristics and Outcomes by Class Modality.

Total In Person Distance
Learning
(N=115) (n=53)
(n=62)
I. Weight Change (%)
Age -0.00006 + 0.00 -0.00018 £ 0.00  -0.00002 + 0.00
Female vs. Male -0.009 +£0.01 -0.0001 £0.02  -0.020 +0.02
Race & Ethnicity
Hispanic vs. Others 0.028 +0.02 0.037 +0.02 0.022 +0.03
White vs. Others 0.032 = 0.02t 0.044 £ 0.02+ 0.022 £0.02
Education
College 1-3 vs. Other Status -0.022 £ 0.02 -0.0196£0.02  -0.022+0.03
College 4+ vs. Other Status -0.010 £ 0.02 -0.0095+0.02  -0.008 + 0.03
Modality
Distance Learning vs. In-person 0.00009 + 0.01 N/A N/A
II. PA Change (minutes)
Age 3.04+1.75 6.39£3.19 0.41+1.91
Female vs. Male -69.35 + 57.88 -81.50 £87.99  -75.70 +65.53
Race & Ethnicity
Hispanic vs. Others 39.57 +62.59 173.67 £120.99 -64.80 + 67.07
White vs. Others -5.19 £ 59.30 -41.43+114.63 25.32+59.78
Education
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College 1-3 vs. Other Status 112.94 + 68.34 209.83 £119.71 25.32+72.93

College 4+ vs. Other Status 138.63 + 63.41# 137.77 +108.92  56.19 +73.12
Modality

Distance Learning vs. In-person -149.81 + 42.31% N/A N/A

4. Discussion

In comparing IP and DL modalities in DPP, we found that 1) there is no difference in participant
outcomes between the two modalities, 2) More weight loss was achieved among whites, and 3) More
increase in PA was associated with being of a higher educational level.

The CDC recommends that the DPP is delivered by several modalities: 1) in-person, 2) distance
learning, 3) online, 4) in-person with a DL component, and 4) combination. [20] There was no
statistically significant difference in program outcomes between the IP and DL groups. This was
expected as both modalities are deemed equally effective for the delivery of the DPP by the CDC.
This is also similar to previous reports where neither weight loss nor physical activity minutes were
affected by DPP modality [12,20]. This was consistent regardless of the sample size of the studied
population. While Welshons et al reported no statistical difference in weight loss between the two
modalities following adjustment for co-variates in a sample of 47 IP and 31 DL participants [12],
Cannon et al reported weight loss as 4.4%, and 4.7% for IP and for DL modality, in a total of 333,715
participants [20]. Benefits of the DL modality include a lower cost burden for both participants and
the organizations offering such programs, which can be associated with decreased need for
transportation, time away from family or jobs, and other barriers to DPP participation [21]. DL was
also reported to increase session attendance due to the ease of attending sessions [22]. An increase in
attendance is beneficial to participants as there is almost a linear relationship between session
attendance and weight loss [23]. Every DPP session attended was reported to be associated with over
0.5 lbs weight loss [24]. An increase in participant attendance can aid in building personal
relationships with their group members, and lifestyle coaches to help support and motivate
participants to make lifestyle changes.

We also found that among all participants, whites had the highest weight loss compared to other
races; an effect that was seen in the IP group. This can be partly explained as most of our participants
were whites. This is similar to reports where whites constituted 71-80% of enrollees [12,20,23] and
may be explained by the fact that whites are known to be more likely to have a higher program
attendance in particular[25] and their willingness to seek out healthcare in general [26].

Participants with higher education levels had the highest change in PA minutes. This can be
partly explained as those with higher education status constituted almost 59% of our overall
participants and were the highest group in either modality. While higher education can allow for
higher incomes in more stable jobs [27], the benefits of having access to more financial resources that
can be spent on health also extend to the benefits of health insurance that allows for access to care
and increased utilization of health care resources. This is especially important in the United States
where most health insurance is provided by employers [28]. Additionally, having a lower level of
education can deter a person from affording healthier diets, which are usually expensive, and not
have time to invest in their health due to work demands [29]. Lastly, lower education can put a strain
on the availability of social support available to them from their married spouses or other long-term
relationships due to financial needs, workplace environment, and other stressors [30].

Participants in the IP modality had higher PA changes than their DL counterparts, similar to
other reports [20]. This observation may be due to the higher starting PA minutes among participants
in the DL group, which made any PA increase in the DL group relatively small compared with those
in the IP group. Both modalities, when offered to participants, were more accommodating than
offering one or the other. Participants can choose which modality to join, based on their preference,
work/family schedule, transportation, or access to electronic devices and internet connectivity.
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The DPRP is a CDC program built to ensure the quality and fidelity of the DPP delivery.
Institutions are CDC-recognized based on their achievement of the goals of the DPP. Institutions
enrolled in the DPRP follow the standards and operating procedures to report their DPP data every
6 months to the CDC in a coded manner for evaluation [31]. Looking at the DPRP criteria for success,
we found no difference between the two modalities in terms of weight loss or changes in PA minutes.
Since all our IP classes were conducted before 2021 and Alc was not listed as an optional success
measure reportable to the CDC before the issuing of the 2021 standards and operating procedures,
we missed the opportunity to collect Alc for the IP participants and thus were unable to compare the
Alc changes in both modalities. However, among the DL completers, 72% achieved the goal of 20.2%
reduction in Alc, suggesting the effectiveness of the DL modality in diabetes risk reduction.

The DPP is known to be cost-effective from a health system and society standpoint [32], with
less than $5,000 per QALY-gained [33]. Digital DPP was also cost-effective [34]. Program costs and
values can be found on the National DPP coverage toolkit webpage where program coordinators can
calculate the cost of covering DPP for their employees or clients [35]. With cost-analysis in favor of
DPP reducing mortality, Medicare started coverage for the Medicare DPP effective April 2018 [35].

Our findings inform our practice in implementing DPP. Since both modalities result in
comparable outcomes, modalities should selected and tailored to the served population (e.g., DL may
be used in remote areas to overcome transportation issues, or in a population where physical space
rental or availability is challenging, etc.). Moreover, such a pandemic-learned lesson of using the DL
modality model can be easily applied to other areas of public health. These may include but are not
limited to, chronic disease self-management [36], health education and promotion, or other
behavioral health interventions (e.g., smoking cessation, mental health support, etc.).

There are some limitations to our findings. The data was collected from the program participants
at a single health system, making the results not necessarily generalized to other types of health
systems or different geographic areas. Another limitation is the lack of collection of other variables
including socioeconomic status, healthcare utilization, and access to DPP, since all data collected
were limited to that required for reporting to the CDC’s DPRP. Moreover, the majority of our DPP
participants were Whites with a higher level of education which may have affected our results. We
also combined Asian Americans, Pacific Islanders, and Native Americans into one group for
statistical analysis due to their small sample size, making our results not necessarily generalized to
minority races. Despite these limitations, our observations were comparable to national studies
involving almost 15,000 participants [25]. Future research is warranted to explore disparities in DPP
outcomes among large and more diverse study populations.

5. Conclusions

Both in person and distance learning modalities for the DPP yield comparable results. Observing
DPP outcomes in different settings and with different populations would help identify potential
causes of attrition and opportunities to enhance retention and better patient outcomes. Such
similarities in outcomes may inform public health policy development and practice guidance,
particularly the effectiveness and feasibility of the distance learning model for sustaining the delivery
of diabetes prevention services in similar public health crises that may occur in the future.
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