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Abstract

BACKGROUND: Among 96 million U.S. adults with prediabetes, adoption of evidence-based 

treatment to prevent diabetes remains low. Primary care represents an essential venue for 

preventing diabetes, yet providers in this setting have limited time to address prevention. This 

highlights the need for low-touch interventions that promote diabetes prevention and are not 

delivered by primary care providers. Text messaging and decision aids displaying disease risk and 
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treatment information have improved outcomes in prior research. However, these approaches have 

not been definitively studied for managing prediabetes.

METHODS: The Behavioral Nudges for Diabetes Prevention (BEGIN) trial is a pragmatic, 

cluster randomized trial testing the effectiveness of text messaging about diabetes prevention and 

a prediabetes decision aid. These interventions are being studied in 8 primary care clinics using a 

2×2 factorial design, in which pairs of clinics are randomized in a 1:1:1:1 ratio to receive usual 

care, text messaging alone, prediabetes decision aid alone, or both interventions. A total of 656 

patients are recruited to participate, receive the study interventions, and contribute data at baseline 

and 12 months. The primary outcome is 12-month weight change, and the secondary outcome 

is adoption of evidence-based treatment to prevent diabetes. Change in hemoglobin A1c is an 

exploratory outcome that will be assessed among participants with available values.

CONCLUSION: Findings from the BEGIN trial will provide evidence about the effectiveness of 

two novel, low-touch interventions focused on diabetes prevention in primary care, where patients 

are diagnosed with prediabetes and there is little prior research.
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1. INTRODUCTION

Prediabetes affects 96 million U.S. adults, with up to 70% eventually developing type 2 

diabetes (hereafter, diabetes).1 Intensive lifestyle interventions like the Diabetes Prevention 

Program (DPP) that are focused on promoting weight loss and physical activity can reduce 

the incidence of diabetes by up to 58%.2 The National Diabetes Prevention Program 

(NDPP) is a translation of the DPP lifestyle intervention that is offered by a network 

of provider organizations certified by the Centers for Disease Control and Prevention.3 

Clinical trials have also demonstrated that the medication metformin also promotes modest 

weight loss and lowers diabetes risk among adults with prediabetes.2,4 Despite promising 

evidence of their effectiveness, NDPP and metformin are used by fewer than 5% of adults 

with prediabetes.5,6 Barriers to using these treatments in primary care include patients 

with prediabetes having limited awareness or knowledge about the condition, inaccurate 

perceptions of their diabetes risk, and low motivation to adopt NDPP or metformin.7–11 

Primary care providers have limited knowledge about these treatments and little time to 

counsel patients about prevention.12–14 These data highlight the need for brief, pragmatic, 

and scalable interventions to promote NDPP and metformin adoption in primary care.

There is a growing literature on text messaging as an effective intervention to change 

health behaviors. Some prior text messaging programs focusing on overweight and obesity 

have reported modest weight loss as well as improvement in weight-related behaviors.15–17 

Use of text messaging in multi-component interventions to prevent diabetes suggests the 

potential to promote treatment adoption and modest weight loss.18,19 Decision aids may 

represent another brief and pragmatic intervention to improve prediabetes management 

in primary care. Decision aids are visual tools that facilitate treatment decisions by 

communicating information about diseases and treatment options. Our group developed a 

Vargas et al. Page 2

Contemp Clin Trials. Author manuscript; available in PMC 2024 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



prediabetes decision aid pamphlet that promoted adoption of both NDPP and metformin in a 

pilot study.20,21

The field of behavioral economics has demonstrated that subtle changes in the design 

of health information and treatment choices can have substantial short-term impacts on 

health behaviors. Employing approaches from this research, behavioral nudges involve 

manipulating health messages, options, and environments to make behavior change 

more likely and easier to enact.22 Behavioral nudges have seen limited application for 

prediabetes, highlighting a potential opportunity to improve brief interventions aimed at 

promoting treatment adoption and modest weight loss among adults with this condition. 

Despite promising findings from earlier research, behavioral nudges have shown limited 

success predicting maintenance of health behaviors over time.23 Self-determination theory 

has empirically demonstrated that long-term maintenance of health behaviors requires 

autonomous motivation.24 Studies using self-determination theory have linked autonomous 

motivation to weight loss behaviors and medication adherence,25–27 which are key targets 

for diabetes prevention.

This cluster randomized trial is evaluating the integration of behavioral nudges and 

autonomous motivation into low-touch interventions among primary care patients with 

prediabetes. Behavioral Nudges for Diabetes Prevention (BEGIN) will test the effectiveness 

of decision aid and text messaging interventions on promoting weight loss and adoption of 

diabetes prevention treatments.

2. MATERIAL AND METHODS

2.1 Study Setting, Design and Hypothesis

BEGIN is a clinic-level cluster randomized trial at Erie Family Health Centers (Erie), 

a large Midwestern federally qualified health center that offers NDPP for patients with 

prediabetes.28 Following a 2×2 factorial design (Table 1), eight participating Erie sites 

were randomly assigned to one of the four experimental conditions listed in Table 1. We 

hypothesize that the prediabetes decision aid and text messaging interventions can promote 

weight loss (primary outcome) and adoption of NDPP and metformin (secondary outcomes). 

The factorial design enables evaluation of the main effects for each intervention component 

based on the following equations, which use the corresponding letters for each experimental 

condition shown in Table 1: decision aid = (a+c) - (b+d); and text message intervention 

= (b+c) - (a+d). In addition, we can estimate the interaction of the two intervention 

components as follows: (c-a) - (b-d). This interaction measures whether one intervention 

demonstrated greater effectiveness in the presence of the other vs. absence of the other.

2.2 Participants and Recruitment

Eligibility criteria are assessed through the electronic health record (EHR) using 

demographic data, diagnosis codes, laboratory values, clinical measurements, and 

medication prescriptions. Inclusion criteria are: age ≥18 years, prediabetes, overweight 

or obesity, language preference of English or Spanish, and having the ability to receive 

text messages. Prediabetes status is determined via an EHR algorithm requiring: 1) last 
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hemoglobin A1c value of 5.7–6.4% within the last 12 months; 2) absence of diagnosis 

codes for diabetes; and 3) no active orders for antidiabetic medication. Overweight or 

obesity is determined based on body mass index (BMI) ≥23kg/m2 for Asian adults and 

≥25kg/m2 for all other racial and ethnic groups, using EHR weight measurements within 

one month of participants’ enrollment.29 The following exclusion criteria are intended 

to limit participation of those for whom NDPP or metformin adoption may be unlikely, 

inappropriate, or unsafe: age ≥80 years; dementia, current pregnancy, current antidiabetic 

medication use, elevated serum creatinine [>1.4mg/dL in women and >1.5mg/dL in men], 

uncontrolled hypertension [last measured blood pressure ≥180/100mmHg]), no office visits 

in the last 12 months, and any previous NDPP participation.

An opt-out recruitment letter is mailed to eligible patients explaining the nature of the 

study and study-related procedures, with a number to call to remove themselves from 

further recruitment efforts. One week later, research staff contact patients via text message, 

EHR portal message, and/or telephone to obtain verbal consent from those who do not 

opt-out. Patients expressing interest through their responses to any of these communications 

are enrolled in the trial, begin receiving study interventions, and contribute pragmatically 

collected EHR outcome data. Following the same procedures, the first 164 participants 

(i.e., 25% of the overall sample) are additionally invited to provide written consent via an 

encrypted text message link, enabling collection of questionnaire data that assess potential 

mediators and moderators of the study outcomes (Section 2.6).

2.3 Prediabetes Decision Aid Intervention

A full description and images from the decision aid have been published elsewhere.20,21 

Briefly, the BEGIN prediabetes decision aid is a pamphlet with the front side displaying 

information about the risk of developing diabetes without treatment, and the risk reduction 

associated with DPP and metformin. The reverse side includes an open-ended question 

asking patients to identify needs related to diabetes prevention, and select next steps for 

management. This tool was developed with a grounding in behavioral economics and Self-

Determination Theory, which informed the content and visual display of information (Table 

2).

We conducted a pilot study of our prediabetes decision aid with 40 participants, which took 

a mean of 6.8 (± 3.0) minutes to deliver.21 We previously reported a significant reduction in 

decisional conflict, as well as adoption of NDPP or metformin among 30% of participants at 

6 months.20,21 These pilot findings were similar among participants who reviewed the tool 

in English or in Spanish.20

This decision aid is delivered during brief virtual visits by one of Erie’s bilingual health 

educators, who is the designated ‘prediabetes champion.’ Participants who complete a 

decision aid visit receive $25 in compensation. If participants decide to join NDPP or take 

metformin any time after the decision aid visit, they are encouraged to contact the health 

educator or their primary care provider, respectively. Members of the study team conducted 

a one-day, case-based training for this health educator to deliver the decision aid following 

a standardized protocol used in their pilot decision aid study.20 The same health educator 

previously completed training on CDC’s NDPP curriculum and is responsible for delivering 
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this program to Erie patients, including participants enrolled in the trial. Erie delivers NDPP 

continuously using a virtual format, including several cohorts per year in both English and 

Spanish.

2.4 Prediabetes Text Messaging Intervention

Our group developed the prediabetes text messaging intervention by applying diverse 

academic expertise in behavioral economics, health communication, health behavior change, 

motivation science, and diabetes prevention. The text messaging intervention also leverages 

autonomous motivation and the same behavioral nudges used in the decision aid (Table 2). 

These theory-based approaches were used to design the health information presented in text 

messages and solicit participants’ implementation intensions by ‘nudging’ them to adopt 

healthy lifestyle behaviors, NDPP, and metformin.

Content for this yearlong text messaging program includes information covering three areas: 

1) prediabetes and evidence-based treatment options, namely NDPP and metformin; 2) 

nutrition and suggestions for healthy eating; and 3) physical activity, including tips for 

how to incorporate movement into weekly routines. In addition, we developed three text 

messages that prompt participants to join a virtual orientation about NDPP, ‘nudging’ 

them to select the date and time they will attend. Appendix Table 1 displays text message 

examples of each type described above.

Three members of the research team (MCV, MJO, GCW) drafted text message content and 

requested regular written feedback from the other study investigators (RTA, NRK, KAC). 

Each message was discussed during weekly meetings, and edited (MCV, MJO, GCW) 

until consensus was reached. The one-year content development process was also guided 

by an expert advisory group composed of Erie clinicians and staff, additional academic 

experts, and national stakeholders in diabetes prevention. This advisory group, which also 

helped develop the BEGIN prediabetes decision aid,20 met quarterly by video conference 

to review selected text message content and provide feedback. After the research team 

incorporated their edits and comments, advisory group members provided written approval 

of the completed text messaging program. We then conducted semi-structured interviews 

with 14 Erie patients assessing their reactions to selected text messages, which resulted 

in minor edits that were incorporated. The final text messaging program was translated 

into Spanish by bilingual members of our research team following established principals of 

forward and backward translation with cultural adaptation processes.30

The final program includes 93 text messages, delivered twice weekly in months 1–

6 and weekly during months 7–12. Thirty-one text messages allow for bidirectional 

communication, with subsequent automated messages based on participants’ response to 

the initial message. Participants’ responses to messages soliciting their interest in NDPP or 

metformin are monitored daily by Erie staff and the research team, enabling personalized 

outreach to schedule relevant services. Participants who express interest in joining NDPP 

are invited to attend a virtual orientation session that describes the program and outlines 

expectations for participation. Those who wish to participate are scheduled to join Erie’s 

NDPP program.
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2.5 Randomization Procedures

Eight participating Erie clinics were randomized in pairs to deliver the following 

experimental conditions in a 1:1:1:1 ratio: a) decision aid alone; b) text messaging alone; c) 

both interventions; and d) usual care. We used covariate-based constrained randomization to 

achieve relative balance on clinic-level characteristics across experimental conditions.31 We 

chose the following clinic-level variables to control imbalance: clinic volume (i.e., number 

of annual visits), clinic percent female, and clinic mean BMI.

With eight clusters and four experimental conditions, there are 2,520 possible allocation 

schemes. Using a modified version of the balance metric,32 which gave additional weight 

to clinic volume,33 we calculated a balance score for each allocation and randomly selected 

one of the allocations in the top 10% of unique balance scores. After randomization, study 

investigators and the statistical analyst were blinded to experimental condition. Blinding of 

participants and providers is not possible due to the nature of the interventions and their 

delivery according to clinic site.

2.6 Study Measures

Primary and secondary outcomes are collected on all study patients at baseline, 6 and 

12 months using pragmatically collected data from the EHR. As mentioned above, 25% 

of the sample completes questionnaires that assess patient-reported measures at baseline, 

6, and 12 months using an individualized text message link to Research Electronic Data 

Capture (REDCap).34 Additional compensation of $25 is provided for completion of each 

questionnaire. Participants who do not complete questionnaires independently using this 

link receive up to three calls from research study staff members to administer the survey 

measures over the phone. All study questionnaires are administered in English or Spanish, 

according to participants’ preferred language. The schedule for collecting study data is 

displayed in Table 3.

2.6.1 Primary, secondary, and exploratory endpoints—Because weight loss was a 

dominant predictor of preventing diabetes in the landmark DPP trial and translational studies 

of NDPP,35–37 our primary study outcome is weight change from baseline to 12 months. 

Assessment of the primary outcome uses EHR weight measurements collected routinely 

during in-person primary care visits at Erie. The baseline weight is measured at participants’ 

first office visit during the study period, called the index visit. The last measured weight 

within 12 months is the follow-up weight used to calculate mean weight change. The 

research team will contact participants without a clinic-based follow-up weight to schedule a 

weight measurement. The last measured height closest to the index visit is used to calculate 

body mass index (BMI), a secondary outcome.

Treatment adoption and adherence are secondary endpoints. Metformin adoption is defined 

as ≥1 prescription order. Duration of metformin use is defined by the time between the first 

and last order, allowing a grace period of 30 days between consecutive orders. Adoption of 

NDPP is defined by attending ≥1 session at Erie’s program, which has received the highest 

level of recognition from the CDC’s Diabetes Prevention Recognition Program.3,38 Session 

attendance is a continuous adherence measure for NDPP, which is recorded in the EHR and 
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can be assessed pragmatically. For the 164 participants who are completing study surveys, 

questions about adoption of metformin and NDPP enable self-report of these secondary 

outcomes.

Prior studies have shown that even temporary glycemic improvements are associated with 

long-term reduction in diabetes risk.39 Therefore, change in hemoglobin A1c (A1c) is 

assessed as an exploratory outcome. The most recent A1c value before the index visit is 

considered the baseline A1c. And the first routinely collected A1c measurement between six 

and 24 months after the index visit is the follow-up value used to estimate A1c change. This 

longer time period used to assess A1c change attempts to capture the greatest number of 

available values, given the likelihood of missing data at 12 months.40

2.6.2 Mediating variables—The following survey measures assessing potential 

mediators of the study outcomes are obtained from 25% of participants who complete 

questionnaires. Perceived risk of developing diabetes and knowledge about diabetes risk are 

measured using the validated Risk Perception Survey for Developing Diabetes.41,42 We also 

measure perceived diabetes risk with a single item used in previous studies: “How would 

you estimate your risk of developing diabetes, expressed in percentage?” using an 11-point 

scale from 0–100%.43 The Decisional Conflict Scale is a widely used instrument measuring 

the perceived quality of treatment decisions. Intention to adopt NDPP or metformin will 

be assessed separately with a single item using a validated 15-point scale, categorized as 

1–5 (yes), 6–10 (unsure), and 11–15 (no).44 Autonomous motivation will be assessed using 

Shortened Scales for Vitality, Need Supportiveness, and Autonomous Motivation.45

2.6.3 Moderating variables—Among all study patients, we will examine the following 

sociodemographic characteristics as potential moderators of observed treatment effects: age, 

sex, race, ethnicity, insurance status, preferred language, and BMI. Among the questionnaire 

subsample, numeracy and health literacy are assessed using validated instruments and 

analyzed as moderators.

2.7 Sample Size

We determined the sample size based on obtaining 80% power to detect a main effect on 

12-month weight change of ≥2.2lb for either intervention component. This is justified by 

data from the landmark Diabetes Prevention Program trial demonstrating a 16% reduction in 

the incidence of diabetes for every 2.2lb of weight lost.35 This minimal clinically important 

weight change is further justified by the potential for a relatively small difference in 

the primary outcome due to the low-touch nature of the interventions. Our sample size 

calculation assumes an intra-cluster correlation of 0.01, an intra-subject correlation of 0.97, 

residual standard deviation of 8.1lbs, and a loss to follow-up rate of 12%. These values 

were obtained from a prior longitudinal analysis of weight change in Erie patients with 

prediabetes.46 Based on these assumptions, we plan to recruit a total of 656 participants to 

have 576 participants (72 per clinic) at follow-up.
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2.8 Statistical Analyses

All analyses will be conducted by the statistical analyst (AO) in collaboration with the study 

biostatistician (JS) using R Version 4.2.1.47

2.8.1 Analyses of primary, secondary, and exploratory outcomes—Descriptive 

statistics will summarize participants’ sociodemographic characteristics and baseline clinical 

variables overall and by clinic site. Table 4 presents these data for potentially eligible 

patients receiving their primary care at the eight participating clinics, from whom the study 

sample is recruited. We will model weight change from the index visit to 12-months using 

a three-level linear mixed-effects regression model with random intercepts for clinic site 

and participant. Due to clinic-level randomization, there is a risk of imbalance in clinic- 

and participant-level characteristics between experimental conditions. However, our use of 

covariate-based constrained clinic randomization procedures (Section 2.5 ) is designed to 

minimize this risk. Models will adjust for the following individual characteristics: sex, age, 

race, ethnicity, and insurance status, and time—recorded as the number of days between the 

index visit and the follow-up weight assessment. To assess the effect of the low-touch study 

interventions on weight change, we will include indicator variables for the decision aid (on/

off) and the text messaging program (on/off) and their interaction with time. The coefficients 

on these interactions estimate the difference in weight change among participants who 

received the intervention component versus those who did not. A Sattherwaite degree-of-

freedom correction will be used when estimating the significance of intervention effects.48,49 

We will examine effects of the study interventions on treatment adoption as a secondary 

outcome, using a mixed-effects logistic regression model with a random clinic effect and a 

similar set of covariates as the primary model.50 We will use the primary linear model to 

examine change in BMI and A1c.

2.8.2 Exploratory analyses examining interaction, moderation, and 
mediation effects—We will explore the interaction of the decision aid and text message 

interventions by including an interaction term for these two interventions in the model 

described above. These analyses will examine whether the combined effect of the two 

interventions is greater than the sum of their individual effects. Exploratory moderation 

analyses will fit models similar to the primary analyses but will include moderator by 

intervention interaction terms. We will assess moderators one at a time in separate models. 

Moderation by educational attainment, health literacy, and numeracy will be assessed among 

the 25% of participants who complete study questionnaires. Exploratory mediation analyses 

will be conducted only in participants who complete study questionnaires, using causal 

mediating tests to account for multiple mediators and potential confounders. Specifically, we 

will decompose the total effect of the intervention as the sum of path-specific indirect effects 

(effects of the mediators) and the direct effect (effect of the intervention when the mediators 

are fixed).32

We fit two sets of models. The first is a model of weight change that is similar to 

our primary model but now including the mediating variables, their interaction with the 

intervention indicator variables, and their interaction with each other. The second set of 

models is for the mediators themselves as a function of the intervention, using a model 

Vargas et al. Page 8

Contemp Clin Trials. Author manuscript; available in PMC 2024 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



similar to our primary model but where the mediator is the outcome. Direct and indirect 

effects are estimated using Monte Carlo integration by drawing from the distribution of the 

mediators and using the draws to predict the outcome for a given subject. The average of 

these predictions across subjects is the effect of interest.

2.9 Missing Data

We anticipate missing follow-up weight data for approximately 12% of study participants 

who do not attend an office visit after the index visit. Some of these participants may not 

complete follow-up weight measurements by invitation. In order to use all available data, we 

will explore multiply imputing missing outcomes for these participants.51 Imputation models 

will be fit separately by clinic and will include baseline age, weight, sex, race, ethnicity, and 

insurance status, assuming missing data are missing at random.52 As missing participants 

may be systematically different from observed participants, we will perform sensitivity 

analyses investigating how robust our inferences are to departures from the missing at 

random assumption.53,54

2.10 Ethics, Trial Registration, and Funding

The BEGIN trial received approval by the Northwestern University Institutional Review 

Board and is registered under the protocol NCT04869917 at Clinical.Trials.gov. This study 

is funded by the National Institutes of Health (R18-DK123375). The funder had no role in 

the BEGIN study design or the writing of this report.

3. DISCUSSION

BEGIN tests the effectiveness of a prediabetes decision aid and a text messaging 

intervention to promote modest weight loss and adoption of evidence-based diabetes 

prevention treatments. Decision aids and text messages have proven effective in the 

management of other clinical conditions but have not been definitively studied for diabetes 

prevention. The low-touch nature of the study interventions, which require little time 

from primary care staff to implement, represents another strength. While health educators 

delivering our prediabetes decision aid are not available in all primary care clinics, health 

education is often provided by clinical staff members such as nurses, dieticians, or diabetes 

educators. Neither intervention is delivered by primary care providers, who face the greatest 

challenges to implementing preventive care during brief clinical encounters.13 If proven 

effective, the decision aid and text messaging interventions have potential for scalability 

and sustainability. This is especially true for the latter, which is delivered automatically and 

requires little staff effort to monitor participants’ responses.

The BEGIN interventions employ nudges from the field of behavioral economics that 

have seen limited application for diabetes prevention. The behavioral economic principles 

used in this study included framing information in ways that are motivating, prompting 

implementation intentions, and enabling participants’ choice to adopt NDPP or metformin. 

Stronger behavioral nudges, such as guiding treatment choice through altering default 

options, are particularly effective when patients do not have strong preferences and the 

optimal choice is clear.55 Because decisions about adopting diabetes prevention treatment 
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are complex and highly personal, we did not follow this approach. Our study interventions 

also leverage autonomous motivation from Self-Determination Theory, which has been 

demonstrated to promote maintenance of health behavior changes over time. Our theoretical 

grounding is both novel and important, given research suggesting that behavioral nudges 

alone may not lead to long-term behavior change.23

The BEGIN trial has some notable limitations. Because the study interventions are of 

limited intensity, they may not produce modest weight loss alone. However, this primary 

outcome is expected if the study interventions motivate participants to engage with NDPP 

or take metformin. The secondary outcomes of NDPP and metformin adoption are assessed 

pragmatically using EHR data, which may bias ascertainment of evidence-based treatment 

use. However, participants in the questionnaire subsample will provide self-reported data for 

these secondary outcomes. The questionnaire subsample being comprised of the first 164 

participants enrolled could introduce potential bias from secular trends related to weight loss 

or NDPP program attendance.

It is unlikely that BEGIN participants will take concurrent weight loss medications because 

over 80% of Erie patients with prediabetes either lack health insurance or have Medicaid 

insurance,46 which does not cover these medications in Illinois. However, we will explore 

use of weight loss medications in sensitivity analyses. While the BEGIN interventions 

contain similar information and employ the same behavioral nudges, the text messaging 

program includes more frequent participant contact that may promote greater effectiveness. 

The decision aid involves live contact with a health educator that may have a larger impact 

on participants’ lifestyle choices or decision to adopt treatment. Our factorial design enables 

their evaluation both individually and in combination.

In conclusion, results from the BEGIN trial will provide needed evidence about the potential 

for low-touch interventions to promote diabetes prevention in primary care. Our study 

interventions have been developed and are being tested in a safety-net community health 

center, where diabetes risk is higher than other primary care settings and innovative 

interventions like ours are rarely available.56 Therefore, the BEGIN trial may provide 

insights about how to achieve health equity in preventing diabetes, a condition characterized 

by persistent and substantial racial and ethnic disparities. Future research should study 

pragmatic and potentially scalable interventions leveraging behavioral nudges in other 

primary care settings.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Table 1:
BEGIN Factorial Design

Experimental Condition BEGIN Intervention Componentsa

Decision Aid Text Messaging

a On Off

b Off On

c On On

d Off Off

a
Main effects of an intervention component are estimated by comparing clinics in an experimental condition where the component is turned “On” 

to those where it is turned “Off.” For example, the main effect of the decision aid is (a+c) – (b+d).
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Table 2:
Application of Theory-Guided Approaches in the BEGIN Study Interventions

Theory-Guided 
Approach Definition Example of Application in Decision 

Aid Intervention
Example of Application in Text 

Messaging Intervention

Behavioral 
Economics/
Behavioral Nudges

Message framing Different descriptions of the 
same health problem or 

treatment option are used to 
motivate related behaviors.

Text emphasizes the potential gains in 
joining a diabetes prevention program, as 

opposed to the losses expected from not 
joining the program.

Text messages about physical activity 
focus on the benefits participants 
may feel, rather than the adverse 

consequences of not doing physical 
activity.

Position effects The first option presented in a 
list is more likely to be chosen 

than those displayed later.

Data displays about the benefits and 
risks of NDPP appear before risk 

information about metformin and not 
adopting treatment.

Text messages presenting information 
about NDPP are delivered prior to 

messages about metformin.

Focusing effects Health risk information is 
presented before decision 

options.

Prediabetes health risk information is 
provided at the top of the decision aid 

before presentation of treatment options.

Initial text messages present 
information about prediabetes as 

health condition prior to presenting 
treatment options.

Active choice Decision-makers are asked to 
make an immediate choice 

instead of waiting for them to 
opt-in.

The reverse side of the decision aid 
prompts participants to choose “What are 

my next steps?” with a list of options.

Messages about virtual NDPP 
orientation sessions require 

participants to select the time they 
will attend, rather than asking them to 

opt-in.

Social incentives The impact of social 
relationships and social support 

on health behavior are 
addressed.

Pamphlet presents information about 
behavioral norms among patients with 

prediabetes by describing what others are 
doing to improve their health.

Messages about NDPP describe the 
social support derived from other 

participants as a benefit of joining the 
program.

Self-
Determination

Theory

Autonomous 
motivation

Lasting behavior change 
requires internalizing values and 
regulation of relevant behaviors, 

and then integrating them with 
one’s sense of self.

Language prompts participants to 
formulate a preliminary treatment plan. 
To promote autonomy, participants are 

asked “What are you willing to do to 
prevent diabetes?”

Text messages address factors that 
motivate healthy lifestyle behaviors 

and the decision to adopt NDPP 
and/or metformin.
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