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ABSTRACT 

 

Objective: Examine the impact of a digitally delivered diabetes prevention program on 

several measures of self-efficacy and examine the relationships among changes in self-

efficacy and changes in body weight.   

Methods: A total of 599 individuals at high risk for developing diabetes (mean age 

55.4±12.7 years, 61.4% female) were included in this analysis using data from the 

PREDICTS trial. Participants were randomized to participate in a digital diabetes 

prevention program (d-DPP) or to receive a single small group diabetes prevention 

education session (SGE). Healthy eating self-efficacy (HESE), physical activity self-

efficacy (PASE), and weight loss self-efficacy (WLSE) were measured using a survey 

developed by Wilson et al (2016).  

Results: There was a statistically significant difference between changes in HESE (p 

= .007) and WLSE (p< .001) in the d-DPP group compared to the SGE group. Changes in 

HESE and WLSE were significantly correlated with change in body weight (r= -0.25 and 

-0.27, respectively; p < .05). Regression analysis determined that HESE, WLSE, and 

PASE were all independent predictors of change in body weight.  

Conclusion: Digital diabetes prevention programs may preserve self-efficacy. 

Improvements in self-efficacy during a digital diabetes prevention program can predict 

reduction in body weight. Digital diabetes prevention programs should focus on 

improving self-efficacy in order to enhance weight loss.  

 



REVIEW OF LITERATURE 

Epidemiology 

Globally, it is estimated that 463 million adults, ages 20-79, suffered from diabetes in 

2019. In 2018, an estimated 34.2 million American adults were living with diabetes 

(American Diabetes Association, 2020; Center for Disease Control and Prevention, 

2020b, 2020a). Nearly 1 in every 5 of these individuals (7.3 million) is unaware that they 

have diabetes (Center for Disease Control and Prevention, 2020b, 2020a). The prevalence 

of diabetes is expected to increase by 3.4 million over the next nine years in the United 

States (International Diabetes Federation, 2019). Every year, 1.5 million adults in the 

United States are diagnosed with diabetes (American Diabetes Association, 2020).  

Diabetes is the 7th leading cause of death in the US (Center for Disease Control and 

Prevention, 2020b), and the risk of premature death is 60% higher in adults with diabetes 

compared to those without diabetes (Center for Disease Control and Prevention, 2020a). 

Nationally, 82,564 deaths were caused by diabetes in 2017 (Center for Disease Control 

and Prevention, 2020b) and globally, 4.2 million deaths in individuals ages 20-79 years 

were due to diabetes in 2019 (International Diabetes Federation, 2019). This means that 

globally there is 1 death every 8 seconds due to diabetes.  The risk of cardiovascular 

disease in individuals with diabetes or elevated glucose levels is doubled compared to 

those without elevated glucose levels, and the prevalence of cardiovascular diseases 

among diabetics is 32% (International Diabetes Federation, 2019). Individuals with 

diabetes also have a 56% increased risk of suffering from a stroke compared to those 

without diabetes (International Diabetes Federation, 2019). End-stage renal disease 

prevalence is 10 times higher in individuals with diabetes compared to individuals 
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without diabetes (International Diabetes Federation, 2019). Diabetes is the leading cause 

of end-stage renal disease, with 38.6% of end-stage renal disease cases being primarily 

caused by diabetes (Center for Disease Control and Prevention, 2020b). Diabetic 

retinopathy is present in 35% of individuals with diabetes, with 12% of these cases being 

vision-threatening diabetic retinopathy (International Diabetes Federation, 2019). The 

leading cause of new cases of blindness in adults aged 18-64 years is diabetes (Center for 

Disease Control and Prevention, 2020b).  

 The cost of diabetes in the United States totaled $327 billion in 2017 (American 

Diabetes Association, 2020; Center for Disease Control and Prevention, 2020b, 2020a). 

The annual direct costs of diabetes increased from $188 billion in 2012 to $237 billion in 

2017 (Center for Disease Control and Prevention, 2018, 2020b). An individual with 

diabetes faces annual medical expenditures 2.3 times higher than an individual without 

diabetes (American Diabetes Association, 2020). The predicted increase in prevalence of 

diabetes suggests that the cost and burden on the health care system will continue to rise 

as well. 

 Fortunately, it appears that the diabetes associated mortality rates have leveled off 

in recent years (Sloan et al., 2008).  However, the prevalence of diabetes in minority 

populations continue to rise.  In 2017-2018, diabetes was present in 14.7% of American 

Indians/Alaskan Natives, 9.2% of Asians, 11.7% of African Americans, and 12.5% of 

Hispanics (Center for Disease Control and Prevention, 2020b). Additionally, minorities 

are more likely to experience certain complication and death due to diabetes (Spanakis & 

Golden, 2013). Minorities are at an increased risk for having a lower extremity 

amputation and are more likely to develop retinopathy compared to white individuals 
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with diabetes (Spanakis & Golden, 2013). Thus, the combination of increasing 

prevalence and declining mortality rates results in a significant population with 

comorbidities and highlights the importance of prevention (Sloan et al., 2008).  

While the impact of diabetes on society is staggering, an even larger number of 

Americans are living with prediabetes, a state which puts them at an increased risk for 

developing type 2 diabetes (T2D) (Abdul-Ghani & DeFronzo, 2009).  In the United 

States, 88 million adults were estimated to have prediabetes in 2018 (American Diabetes 

Association, 2020; Center for Disease Control and Prevention, 2020b, 2020a), and in 

2019 it was estimated that the global prevalence of prediabetes was 374 million 

individuals ages 20-79 (International Diabetes Federation, 2019). A staggering 80% of 

Americans that have prediabetes are unaware of their condition (Center for Disease 

Control and Prevention, 2020a). The prevalence of prediabetes is predicted to rise to 454 

million by 2030 and 548 million adults by 2045. (International Diabetes Federation, 

2019).  People with prediabetes transition to diabetes at a rate of 5-10% annually and up 

to 70% of individuals with prediabetes will eventually develop diabetes (Tabák et al., 

2012).  

 

Pathophysiology 

Prediabetes is a state in which an individual has elevated glucose levels that do 

not meet the threshold for diabetes (Tabák et al., 2012). Prediabetes is defined by the 

American Diabetes Association as a fasting plasma glucose (FPG) between 100-125 

mg/dL and diabetes is defined as a FPG level of  > 126 mg/dL (American Diabetes 

Association, 2004). The term prediabetes can be misleading. Although people with 
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prediabetes do not meet the criteria for the diagnosis of diabetes, many of the 

physiological processes that will present during diabetes appear during prediabetes as 

well.  

Prediabetes and diabetes result from a combination of insulin resistance and 

insulin deficiency. Insulin resistance develops when fat can no longer be stored in the 

subcutaneous region and gets stored ectopically around the organs (Nolan et al., 2011; 

Skyler et al., 2017; Zaccardi et al., 2016). Insulin resistance begins many years before the 

diagnosis of prediabetes or diabetes. As the tissues of the body become less sensitive to 

insulin, the demand on the islet beta cells increase. In response, beta cells increase 

production of insulin (hyperinsulinemia).  This hyperinsulinemia compensates for the 

insulin resistance, and maintains blood glucose levels, until the function of the beta cells 

is diminished (Guthrie & Guthrie, 2004; Skyler et al., 2017; Zaccardi et al., 2016). 

Decreased insulin sensitivity precedes the diagnosis of diabetes by up to 13-15 years 

(Tabák et al., 2012; Zaccardi et al., 2016).  

Insulin deficiency begins to develop during prediabetes (Tabák et al., 2012), it 

develops as beta cells become exhausted from hypersecretion of insulin to meet high 

demands caused by insulin resistance (Guthrie & Guthrie, 2004; Nolan et al., 2011; 

Zaccardi et al., 2016). As beta cells become exhausted, they become damaged and their 

function is diminished, leading to a decrease in insulin production and release (Guthrie & 

Guthrie, 2004). This leads to the increased blood glucose levels that is present during 

prediabetes. Beta cells are further damaged by the toxic high levels of glucose which then 

causes more dysfunction of the beta cells, creating a vicious cycle of damage (Guthrie & 

Guthrie, 2004; Nolan et al., 2011). By the time an individual is diagnosed with diabetes, 
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they have lost 50-80% of their beta cell function (Abdul-Ghani & DeFronzo, 2009; 

Guthrie & Guthrie, 2004).  

 

Diabetes Prevention  

Prevention is critical in the fight against diabetes. Diabetes treatment may 

eliminate some of the complications arising from diabetes, but once diabetes has been 

diagnosed, the return to normoglycemia is a rare occurrence (Knowler et al., 2002). This 

indicates the importance of prevention, as treatment may be ineffective to reverse the 

disease in many individuals. Lifestyle changes that lead to weight loss, such as increased 

physical activity and healthier eating, has been found to be a highly effective ways to 

decrease risk of developing type 2 diabetes (T2D) (Abuissa et al., 2005; Yamaoka et al., 

2019). 

 

The Diabetes Prevention Program  

In 2002, the landmark Diabetes Prevention Program (DPP) proved that an 

intensive lifestyle change program was effective at reducing the incidence of T2D. The 

DPP was a randomized controlled trial that included three treatment arms, an intensive 

lifestyle modification group (n= 1079), a standard lifestyle recommendation and 

metformin group (n= 1073), and a standard lifestyle recommendation and placebo group 

(n= 1082) (Knowler et al., 2002). The intensive lifestyle program consisted of 16 weeks 

of core curriculum, in which participants would meet with their case manager weekly, 

followed by 6 monthly sessions of post-core curriculum. Curriculum included 

information on diet, exercise, and behavioral modification and was designed to help 
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participants improve healthy eating, increase physical activity, and reach 7% weight loss. 

Those in the metformin group began by taking 850 mg of metformin daily and increased 

to 850 mg twice daily after one month. The lifestyle recommendations were provided in 

written form and also in verbal form during an annual one-on-one session. These sessions 

lasted 20-30 minutes and information was provided on the importance of a healthy 

lifestyle, the food pyramid, and an equivalent of a National Cholesterol Education 

Program Step 1 diet. The placebo group began by taking a placebo pill once daily and 

increased to twice daily after one month and was given the same lifestyle information that 

was given to the metformin group. After 2.8 years, participants in the lifestyle change 

group had a 58% reduced risk of incidence of T2D compared to the placebo control arm 

(Knowler et al., 2002). This reduction was larger than that of the metformin group, which 

experienced a 31% reduced risk of developing diabetes compared to the control group 

(Knowler et al., 2002).  

The Diabetes Prevention Program Outcomes Study (DPPOS) did a further 

analysis of the DPP and found that the lifestyle change program benefits continued 10 

years after the intervention. Individuals that participated in the intensive lifestyle change 

program had a 27% reduced incidence of T2D compared to the control group (Diabetes 

Prevention Program Research Group, 2009). Another study was conducted 15 years after 

the original DPP and found a 27% reduction in the incidence of T2D in the intensive 

lifestyle modification group and an 18% reduction in the metformin group compared to 

the placebo group (Diabetes Prevention Program Research Group, 2015). Due to the 

success of the DPP, many studies have translated the curriculum in an effort to increase 

the dissemination of the information from the lifestyle change program.  
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Diabetes Prevention Interventions 

Although the DPP proved that lifestyle change can be successful at decreasing the 

risk of developing T2D, there were some limitations to the study. Translations of the DPP 

have focused on changing curriculum to be group based rather than one-on-one. This 

allows costs to be reduced and increases the ability to disseminate the information to a 

larger number of people.   

Lifestyle change programs aimed at weight loss have been found to be an 

effective way to prevent or delay the onset of T2D (Uusitupa et al., 2019). Several meta-

analyses have found that lifestyle interventions designed to induce weight loss can 

decrease the incidence of T2D (Galaviz et al., 2018; Glechner et al., 2018; Uusitupa et al., 

2019). For example, a systematic review examined 58 studies and performed a meta-

analysis on 10 of the studies which tested the efficacy of lifestyle interventions to prevent 

or delay the development of T2D (Glechner et al., 2018). Although the systematic review 

included randomized controlled trials (RCT), health technology assessments, prospective 

cohort studies, cost-effective studies, meta-analyses, and systematic reviews, the meta-

analysis only included RCTs. All included studies compared a lifestyle change 

intervention with a control group and included only participants with prediabetes based 

on American Diabetes Association criteria (based on the 1985 World Health 

Organization criteria for older studies). Meta-analyses revealed that after 1 year, the 

lifestyle interventions were able to reduce the risk of progressing to T2D by 54% 

compared to the controls (Glechner et al., 2018). After 3 years this reduction in risk was 
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maintained, lifestyle intervention group participants still had a 36% reduced risk of 

developing T2D compared to controls (Glechner et al., 2018). This meta-analysis 

demonstrates the efficacy of lifestyle change at preventing or delaying the onset of T2D.  

Similar results were found in a meta-analysis by Uusitupa and colleagues, in 

which authors examined lifestyle interventions effects of preventing T2D (Uusitupa et al., 

2019). This meta-analysis analyzed seven RCTs that compared a lifestyle intervention to 

a control group and utilized an oral glucose tolerance test (OGTT) to assess glucose 

tolerance in a population at high risk of developing T2D, defined by having impaired 

glucose tolerance or metabolic syndrome. Meta-analyses revealed that after a minimum 

of a 1 year follow up, participants in lifestyle intervention groups had a 47% reduced risk 

of progressing to T2D compared to control groups (Uusitupa et al., 2019). However, the 

study found evidence of high heterogeneity between studies and attributed this as most 

likely due to the varying frequencies, intensity and volume of exercise prescribed in each 

study. These results show the importance of lifestyle modification in the prevention or 

delay of T2D.   

Galaviz and colleagues performed a meta-analysis with the purpose of comparing 

the effect of real-world lifestyle change interventions to prevent the development of T2D 

(Galaviz et al., 2018). This study only included effectiveness or translational intervention 

studies and excluded any efficacy type studies. All included studies tested a lifestyle 

modification intervention in populations at high risk for developing T2D. Due to the 

nature of the meta-analysis, studies that had existing diabetes prevalence were excluded. 

Meta-analyses of 63 studies found that the lifestyle intervention groups had a 29% 

reduced risk of developing T2D compared to control groups (Galaviz et al., 2018). 
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Authors reported the average weight loss of pre/posttest was 2.5 kg and controlled studies 

showed intervention participants lost 1.5 kg more than control participants (Galaviz et al., 

2018). 

Although success has been found in traditional diabetes prevention programs, 

limitations to these programs exist (Bian et al., 2017). Barriers exist to enrolling and 

participating in traditional face-to-face lifestyle change programs. Lack of transportation, 

rural living, inability to commit to the same meeting time each week are some of the 

obstacles that may prevent individuals from accessing a traditional diabetes prevention 

program. Additionally, some individuals have a distaste for group settings which may 

prevent them from obtaining the important information in a diabetes prevention program. 

Digital diabetes prevention programs can reduce the number of barriers to participation in 

a diabetes prevention program and may increase the dissemination of the intervention 

material.  

 

Digital Diabetes Prevention Interventions 

In light of the challenges regarding access, reach, and cost of in-person diabetes 

prevention programs, researchers have been attempting to translate prevention 

interventions via digital delivery modes. The digital, asynchronous learning allows 

programs to be delivered in a group-based format, while allowing individuals to further 

individualize their learning as needed. These programs have been shown to be just as 

effective in decreasing excess body weight of individuals at high risk for developing 

diabetes.  
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 A meta-analysis conducted by Bian et al (2017) analyzed data from 15 RCTs and 

prospective cohort studies, to assess the effect of digital diabetes lifestyle change 

intervention on weight loss (Bian et al., 2017). Studies included enrolled participants with 

a high risk of developing diabetes in a digitally delivered diet and exercise lifestyle 

intervention with an aim of weight loss to reduce the risk of progressing to T2D. Studies 

included in this meta-analysis had a duration ranging from 12 weeks to two years. 

Overall, Bian and colleagues found that the technology-mediated diabetes prevention 

programs were successful in decreasing weight in individuals at high risk for diabetes. A 

mean weight loss of 3.76 kg was found among these studies (Bian et al., 2017). 

Interestingly, when comparing interventions modeled after the DPP to interventions that 

were not, those modeled after the DPP had a higher average weight loss, with averages 

being 4.81 kg and 2.44 kg, respectively (Bian et al., 2017). Studies examining the 

conversion rates from prediabetes to T2D, found the range was 0-18% which are 

exceedingly low conversion rates (Bian et al., 2017). However, it must be noted that only 

four of the 15 studies provided conversion rates and those with fewer participants 

progressing to diabetes may be more likely to provide their conversion rate. While this 

meta-analysis provides insight into the effectiveness of digitally delivered diabetes 

prevention programs, only four of the studies were RCTs that included a non-technology 

control arm, limiting the ability to evaluate the efficacy of digital programs.  

A study by Michaelides and colleagues evaluated the efficacy of a digital diabetes 

prevention program designed to promote weight loss, and thus decrease the risk of 

progressing to T2D (Michaelides et al., 2016). The 43 prediabetic participants were all 

assigned to a smartphone-based diabetes prevention program with curriculum based on 
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the DPP.  Participants engaged with the program daily by reading articles, participating in 

challenges, entering their weight, food, and PA into online logs daily, and messaging 

other participants to provide support to one another. Additionally, they had lifestyle 

coaches who provided feedback on their logs and were available for private messaging 

and twice a month were available for private phone calls. After 24 weeks, 56% of 

participants lost >5% of their baseline bodyweight, with a mean weight loss of -6.58% 

(Michaelides et al., 2016). Weight loss was found to be statistically significant compared 

to baseline weight at both 16 and 24 weeks. This study showed the short-term positive 

impact of digital diabetes prevention interventions on decreasing diabetes risk by 

reducing excess body weight. However, the long-term effects of this intervention are 

unknown. 

 Joiner and colleagues (2017) conducted a systematic review and meta-analysis 

evaluating the overall effect of DPP-based eHealth interventions on weight loss (Joiner et 

al., 2017). All 22 studies included in this analysis were RCTs or cohort studies that 

delivered a lifestyle intervention using DPP approved curriculum and evaluated the 

effects of the intervention on weight loss in participants. The overall mean weight loss 

was a modest -3.98% (Joiner et al., 2017). However, not all studies included behavioral 

support to participants, when analyzing studies that included remote support or in person 

behavioral support, the weight loss increased to -4.31% and -4.65%, respectively (Joiner 

et al., 2017). Although weight loss remains modest, the increase in the percent of body 

weight lost shows the importance of the addition of behavioral support in the delivery a 

diabetes prevention program. Psychological variables that may be affected by behavioral 

support, such as self-efficacy, outcome expectancies, perceived stress, perceived barriers, 
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and autonomous motivation, may therefore also play an important role in achieving 

weight loss during a digitally delivered diabetes prevention program. Results like this 

have helped to direct the attention of researchers to psychological changes that occur 

during a diabetes prevention program and how those changes impact weight loss and risk 

reduction.     

 Castro-Sweet and colleagues provided a digitally delivered diabetes prevention 

program based on the DPP to patients with prediabetes or metabolic syndrome (Castro 

Sweet et al., 2018). Authors assessed the ability of older adult participants to engage in 

the digital single arm pretest/posttest intervention and the effects of the intervention on 

weight changes and psychosocial outcomes. The intervention included a curriculum 

based on the DPP that was delivered asynchronously on a weekly basis in the form of 

written information, games and exercises, and self-reflection and goal setting activities. 

The program also included an online forum for small group support to take place, a 

personal health coach, and digital tracking tools for food, exercise, and weight. 

Participants were also provided with a wireless scale and a pedometer. After 16 weeks of 

core curriculum, mean weight loss among older adults in the program was 6.5%, after 6 

months this increased to 8.0% and at the end of the study (12 months), mean weight loss 

was 7.5% (Castro Sweet et al., 2018). Weight loss was statistically significant and 

clinically meaningful between baseline and each of these timepoints. Analyses of 

psychosocial variables found that well-being, psychological distress, and self-care 

behaviors all improved over the course of the study. This study is the first to identify 

changes in psychosocial variables during a digitally delivered diabetes prevention 

program. However, this study was a single group, non-randomized design and included 
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only 16 weeks of follow up.  Thus, studies utilizing more rigorous randomized designs 

and longer follow up are needed to adequately test the efficacy of digital diabetes 

prevention platforms. 

 

Social Cognitive Theory 

One thing absent from many diabetes prevention programs, and other weight loss 

programs, is the inclusion of health behavior theories. Social Cognitive Theory (SCT) is a 

strong model on which to build a weight loss program. SCT takes an agentic approach to 

behavior theory (Bandura, 2001).This perspective is based on the idea that individuals are 

able to act intentionally in their lives (Bandura, 2001; Rejeski & Fanning, 2019) Core 

determinants in SCT include knowledge, outcome expectations, goals, perceived 

facilitators and impediments, and perceived self-efficacy (Bandura, 2004).  

Knowledge of health risks and health benefits is crucial in determining health 

behavior. If an individual is ignorant of the risks associated with their health behavior, 

there may be little motivation for them to change their current lifestyle habits (Bandura, 

2004). Therefore, it is critical that the foundation for a diabetes prevention program 

includes information on diabetes and the risk factors of a poor lifestyle in order to 

increase knowledge of the disease in the participants and their ability to understand why 

they need to change their lifestyle habits. While education is a necessary component, on 

its own it does not typically lead to behavior change. Therefore, it is important that 

diabetes prevention programs target other core determinants of SCT as well. Outcome 

expectations can be physical, social, and self-evaluative expectations (Bandura, 2004). 
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These various outcome expectations are important because individuals will choose 

actions with expected pleasurable outcomes over aversive outcomes (Bandura, 2004). In 

a diabetes prevention program, it is important to shape an individual’s outcome 

expectations of behavior and lifestyle change to be positive or the individual will fail to 

make the changes necessary to live a healthier lifestyle. Social approval and disapproval 

are powerful outcome expectations and are present with the group atmosphere of a 

diabetes prevention program. Goals create incentives and guide the journey to behavior 

change (Bandura, 2004). Short-term goals can determine what one does in the present 

and long-term goals set the general course of action to be taken by the individual 

(Bandura, 2001, 2004). Short-term goals are important to establish with the participants 

because long-term goals are too far removed to control current behaviors (Bandura, 2001, 

2004). Goals are a part of many diabetes prevention programs and SCT explains why 

goal setting is an important aspect of any behavior change program. Perceived facilitators 

and obstacles are another core construct of SCT. The number of perceived facilitators 

and/or obstacles will determine how much effort an individual will expend in order to 

take action (Bandura, 2001). It is important, in a diabetes prevention program, to 

incorporate all core determinants of SCT into the program in order to foster successful 

change (Figure 1).  

 

Self-Efficacy Theory 

Self-efficacy is the central explanatory variable in SCT and is an individual’s 

belief in his or her ability to successfully complete an action (Bandura, 2001). This factor 
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affects health behavior directly and influences the other main determinants of SCT 

(Bandura, 2004) (Figure 1). According to SCT, self-efficacy influences whether an 

individual thinks optimistically or pessimistically, what goals they set and the strength of 

their commitment to these goals, how much effort they put into an action, the outcome 

they expect from their actions, how long they persevere in the face of obstacles, and the 

accomplishments they realize (Bandura, 2003). If an individual does not believe they can 

produce a desirable outcome, then there is very little motivation to perform the action or 

change a behavior (Bandura, 2004). The higher an individual’s self-efficacy, the higher 

the goals they set, and the greater their expectation that their efforts will lead to favorable 

outcomes (Bandura, 2004). This supports the inclusion of addressing self-efficacy in a 

diabetes prevention program because increasing an individual’s self-efficacy will result in 

an increased ability to adapt lifestyle changes.  

Self-efficacy is not only a construct of SCT but is also a theory itself. Self-

Efficacy Theory describes the sources, or four factors that influence perceived self-

efficacy: mastery experiences, vicarious experiences, verbal persuasion, and somatic and 

emotional states (Bandura, 1994). Mastery experiences are the most effective way to 

improve self-efficacy (Bandura, 1994). Mastery experiences occur when an individual is 

successful in his or her attempt to complete an action (Bandura, 1994). When an 

individual is successful, it increases the belief in one’s ability to complete that action and 

similar actions. This can work in the opposite way as well, when an individual fails at 

something, their perceived self-efficacy for that task is diminished. Vicarious experiences 

may also influence an individual’s self-efficacy. The level of influence on one’s self-

efficacy is dependent on how similar the individual views him or herself to the social 
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model (Bandura, 1994). Self-efficacy may increase when a person observes another 

individual, who they view as similar to themselves, successfully complete a task. The 

third source of self-efficacy is social persuasion. To a certain extent, an individual can be 

verbally persuaded to believe that they are capable of mastering an activity (Bandura, 

1994). Unrealistic verbal persuasion is less effective because it can lead to disappointing 

results (Bandura, 1994). The last factor of influence is interpretations of physiological 

states. How an individual interprets physiological sensations related to a behavior impacts 

perceptions of efficacy.  For instance, if a behavior produces increased heart rate and 

feelings of anxiety, self-efficacy can drop. Similarly, feeling fatigue may decrease one’s 

efficacy for physical activity and strong cravings or hunger may undermine one’s 

efficacy for healthy eating.  One way to target this determinant in a diabetes prevention 

program is to help participants understand natural physiological reactions to behavior 

change and to prepare for them. For example, it is natural to feel fatigued when 

exercising, even though this may be a new sensation to patient that has not been 

physically active in quite some time. To date, very few diabetes prevention studies have 

examined the role of self-efficacy in treatment effects. However, several weight loss 

studies have tested self-efficacy theory.   

 

Weight Loss Programs and Self-Efficacy 

Recent investigations have attempted to identify the most important aspects of 

weight loss programs. Specifically, researchers have begun to explore psychosocial 

variables that may change over the course of a weight loss program. By studying these 
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variables, researchers hope to gain an understanding of program areas that may be altered 

to improve adherence and weight loss outcomes of diabetes prevention programs.   

Crane and colleagues examined whether self-efficacy mediated the effects of the 

REFIT intervention on weight loss. The REFIT program was a 6-month weight loss 

program for overweight and obese adult males (n=107) in which men were asked to make 

six different 100 calorie changes to their diet and encouraged to gradually increase their 

physical activity to 225 minutes per week. In the first 3 months of the intervention, 

participants were contacted weekly and asked to answer a check-in survey online that 

prompted them to record their weight, changes made to diet, minutes of physical activity, 

and number of days that they weighed themselves. After the completion of the survey, 

participants were provided with automated feedback and then prompted to choose 

another diet strategy to implement during the next week. After 3 months, participants 

were contacted to complete the check-in survey monthly. Participants had a significant 

decrease in body weight, with an average weight loss at 6 months of -5.57 kg in the 

intervention group and a weight loss of -0.65 kg in the control group (Crane et al., 2016). 

An association was found between weight changes and changes in diet self-efficacy but 

not between weight changes and changes in exercise self-efficacy (Crane et al., 2016). It 

was also found that weight changes were associated with changes in autonomous 

motivation to eat healthy, dietary self-regulation, negative outcome expectancies for 

exercising, caloric intake, caloric expenditure, and self-weighing. The relationship 

between the intervention and weight loss was mediated by diet self-efficacy, autonomous 

motivation for eating healthy, and diet self-regulation (Crane et al., 2016). While this 

study demonstrates that there may be a relationship between diet self-efficacy and weight 
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loss in a weight loss intervention, it failed to find a relationship between exercise self-

efficacy and weight loss. Thus, specific types of self-efficacy may play different roles in 

the weight loss process. 

Annesi conducted an analysis on a 26-week study that enrolled severely obese 

participants into a weight loss program based on SCT (Annesi, 2011). Participants 

(n=137) were invited to attend 6 one-on-one meetings where exercise was discussed for 

45-60 minutes and to also attend 6 group sessions where nutrition was discussed in a 

small group, these sessions which lasted for one hour. Researchers tested the relationship 

between changes in mood, self-efficacy, and self-regulation with changes in weight. 

Statistically significant changes in mood, self-efficacy, and self-regulation were found at 

the end of the study. Results indicated that changes in Weight Efficacy Lifestyle 

Questionnaire (WEL) scores, negative emotions sub-score, and dietary intake led to  a 

significant portion of the weight change during the program (Annesi, 2011). Additionally, 

Annesi and Gorjala (2010) carried out a separate, single-arm, weight loss study involving 

95 severely obese individuals. The weight loss program which lasted 6 months consisted 

of 6 one-on-one exercise meetings with a trained wellness specialist, lasting 45-60 

minutes and 6 one-hour long group sessions that covered nutrition topics. Participants 

were also given access to a local YMCA and a cardiovascular exercise plan that started 

with 20 minutes of light to moderate intensity exercise 3-4 days per week and increased 

from there. Analyses revealed that changes in exercise self-efficacy and dietary self-

efficacy led to 26% of the change in BMI (Annesi & Gorjala, 2010). Similar to Crane et 

al, both these studies show that there is a relationship between weight change and dietary 

self-efficacy changes. Annesi and Gorjala (2010) did find a relationship between weight 
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change and exercise self-efficacy, demonstrating the inconsistencies found within the 

literature in regard to whether this relationship exists.  

Turner-McGrievy and colleagues (2020) examined whether there was a 

relationship between self-efficacy change and information processing with weight loss 

during a mobile weight loss intervention. The remotely delivered weight loss intervention 

was 6 months in duration and asked participants to self-monitor their diet in one of two 

ways, either by tracking kcals/day by entering food into a mobile app or by tracking 

bites/day through the use of a wearable bite counter device. The weight loss intervention 

was delivered to both groups via twice-weekly podcasts based off Social Cognitive 

Theory. Both groups received the same weight loss information via these podcasts. This 

secondary analysis combined both groups together and found that significant weight was 

lost at 6 months (Turner-McGrievy et al., 2020). Additionally, it was found that there was 

a significant increase in diet self-efficacy scores (measured by the WEL) (Turner-

McGrievy et al., 2020). However, among the information processing variables and diet 

self-efficacy, it was found that only elaboration, how deeply a participant processed the 

information, was a significant predictor of weight loss (Turner-McGrievy et al., 2020). 

Dietary self-efficacy was not found to be correlated with or predict weight loss during 

this 6-month remote weight loss intervention. Unfortunately, this was a low touch 

program which may have led to the failure to impact diet self-efficacy and therefore, led 

to the inability to find a relationship between diet self-efficacy and weight loss.  

Teixeira et al (2010) completed a secondary mediation analysis of an RCT that 

consisted of a 1-year lifestyle and behavior change intervention. The 225 overweight and 

obese women were randomized into a control group or the intervention group. The 
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control group received general health information. The intervention group participated in 

a weight loss program that involved 30 group sessions over 1 year. Group sessions 

covered topics on nutrition and eating habits, body image, goal setting, and self-

monitoring. The primary goal of the behavior intervention was to increase physical 

activity and improve and create a consistent diet a moderate energy deficit. At 12 months, 

66% of the intervention participants and 20% of controls lost >5% weight loss, and at 24 

months 45% of intervention participants lost and maintained >5% weight loss (Teixeira et 

al., 2010). At 12 months, eating self-efficacy along with flexible cognitive restraint, body 

attractiveness, emotional eating, concerns with body shape, and body size dissatisfaction 

were correlated with weight loss (Teixeira et al., 2010). Although eating self-efficacy did 

not change in intervention participants, it was found to be a predictor of weight 

maintenance at 24 months, along with flexible restraint, exercise perceived barriers, and 

exercise motivation. According to mediation analyses, neither eating self-efficacy nor 

exercise self-efficacy were significant independent predictors of weight loss at 12 months, 

however, change in exercise self-efficacy at 12 months was the strongest mediator of 

weight change at 24 months (Teixeira et al., 2010). Based on analyses in the literature, 

the relationship between both diet and exercise self-efficacy and weight loss is unclear.   

 Studies examining the role of self-efficacy in weight loss have mixed results. 

Most weight loss interventions have found a relationship between diet self-efficacy and 

weight loss however, the only remotely delivered weight loss intervention that was found, 

failed to find this relationship however, this may be due to the low touch nature of the 

program. Additionally, it is unclear whether a relationship exists between exercise self-

efficacy and weight loss during a weight loss intervention. Various studies have found no 
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significant correlation between self-efficacy and weight loss while others have found a 

relationship. This leads to the necessity of future research in this area.  

 

Diabetes Prevention Programs and Self-Efficacy 

Few diabetes prevention programs have also attempted to identify the most 

important aspects of the intervention. In 2006, Delahanty et al examined data from the 

DPP trial to identify whether a relationship existed between the baseline psychological 

variables, including self-efficacy, and the amount of leisure-time physical activity (PA) 

participants engaged in (Delahanty et al., 2006). Analyses included 274 individuals with 

impaired glucose tolerance that were randomly assigned to the intensive lifestyle 

intervention, which was previously described. Results indicated that sex, self-efficacy, 

baseline PA, and stage of change were associated with PA levels at the end of the study. 

Authors found that baseline exercise self-efficacy was correlated with PA levels of 

participants at baseline, 1 year, and the end of the study (Delahanty et al., 2006). This 

study demonstrates that there is a relationship between exercise self-efficacy and 

behaviors that lead to reductions in body weight. However, this study fails to analyze 

self-efficacy dynamically throughout the program. Delahanty and colleagues, did another 

follow up analysis of the DPP data, this time analyzing changes in cognitive and 

behavioral factors to examine whether these changes would predict higher amounts of 

weight loss by participants (Delahanty et al., 2013). This analysis included the same 274 

who participants that were included in the previously mentioned analysis. This study 

found that changes in diet self-efficacy were a significant predictor of achieving a 7% 

weight loss at the end of the study (Delahanty et al., 2013).  Additionally, they found that 
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a higher baseline exercise self-efficacy was a predictor of achieving a 7% weight loss at 

the end of the study (Delahanty et al., 2013). Change in exercise self-efficacy was not 

found to be a predictor of achieving the 7% weight loss at 6 months or the end of the 

study (Delahanty et al., 2013). Other weight loss interventions have found conflicting 

results on whether exercise self-efficacy is a significant independent predictor of weight 

loss.  

 In 2014, Hays and colleagues analyzed data from a site-randomized pilot study to 

examine weight loss SE and weight changes that occurred during a diabetes prevention 

program (Hays et al., 2014). The prediabetic participants (n= 92) were randomized based 

on location, one YMCA provided participants with a diabetes prevention program, based 

on DPP curriculum while the other YMCA was randomized as the control group. The 

intervention involved participants meeting at the YMCA in groups of 8-12 for 16 

sessions led by a trained YMCA staff member. The control group was given information 

wellness programs that were offered by the YMCA. Results of the study showed a 

significant increase in diet self-efficacy in both groups at 6 months (Hays et al., 2014). At 

6 months, increases in diet self-efficacy, measured by the WEL, and the positive 

activities subscale of the WEL were associated with an increased amount of weight loss 

(Hays et al., 2014). Improving diet self-efficacy, negative emotions, and physical 

discomfort were associated with achieving the program goal of 5% weight loss at 12 

months (Hays et al., 2014). This study suggests that a relationship between diet self-

efficacy and weight loss does exist during a diabetes prevention program.   

 A study with similar results was conducted by Huttunen-Lenz et al (Huttunen-

Lenz et al., 2018).  Authors conducted an analysis of self-efficacy, outcome expectancies, 
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and intention to eat healthy, lose weight and be physically active during an 8-week 

lifestyle change program, PREMIT. This program was designed to prevent diabetes 

progression in individuals through an 8% weight reduction. The study enrolled 2224 

participants in the intervention. Participants were asked to attend 5 group counseling 

sessions, consisting of 10 participants and lasting 120 minutes. Analyses divided the 

participants into two groups, achievers (n= 1857), which comprised those who achieved 

the 8% weight loss goal, and non-achievers (n=163), which comprised those who did not 

meet the 8% weight loss goal. After participation in the diabetes prevention program, 

achievers of the 8% weight loss had a statistically significant increase in both physical 

activity self-efficacy and diet self-efficacy (Huttunen-Lenz et al., 2018). Non-achievers 

had a decrease in physical activity self-efficacy and no change in their diet self-efficacy 

(Huttunen-Lenz et al., 2018). This study also suggests that self-efficacy may be related to 

diabetes risk reduction through decreases in excess body weight.  

Not all studies have found significant relationships between self-efficacy and 

reductions in body weight. Critchley and colleagues examined psychological variables 

that were assessed during a diabetes prevention program and tested for mediation 

pathways to behavior change leading to weight loss (Critchley et al., 2012). Participants 

all had prediabetes (n=307) and were randomized to a diabetes prevention intervention or 

a waitlist control group at a 2:1 ratio. The intervention group was asked to attend 6 small 

group sessions over the course of 26 weeks. These sessions were focused on providing 

motivational support for behavior change, as well as information on diabetes, diet, and 

exercise. The waitlist control received standard care from their primary care physician. 

Results found that only knowledge of diabetes and positive mood were associated with 
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health behaviors that lead to weight loss (increased physical activity and healthy eating) 

(Critchley et al., 2012). These results contradict other findings in the literature and 

suggest that further research is needed in this area.   

After a thorough review of the literature, it is clear that there is a need for further 

research in the area of self-efficacy during a diabetes prevention program. The weight 

loss studies that were discussed have found there to be a relationship between diet self-

efficacy and weight loss. However, whether a relationship between exercise self-efficacy 

and weight loss exists was inconsistent within this literature. The few diabetes prevention 

studies that have analyzed self-efficacy during a diabetes prevention program have found 

a consistent relationship between diet self-efficacy and weight loss and found 

inconsistent results regarding exercise self-efficacy and weight loss. Studies attempting to 

analyze the relationship between diet and exercise self-efficacy and weight loss during a 

digital diabetes prevention program are missing from the current literature and therefore, 

it is still unknown how self-efficacy and weight loss interact with each other during a 

digital diabetes prevention program. With the number of digital diabetes prevention 

programs increasing, there is a need to identify whether a relationship between these 

variables exists. Since improvement in diet self-efficacy may lead to increased healthy 

eating, and improvements in exercise self-efficacy may lead to increased physical activity 

levels, and these behaviors together lead to weight loss and maintenance, these measures 

of self-efficacy may be related to changes in body weight during a digital diabetes 

prevention program. 
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Purpose 

The literature on the role of self-efficacy during a diabetes prevention intervention 

is very limited and lacks any research on the role of self-efficacy in a digital diabetes 

prevention intervention.  Therefore, the purpose of this study is to examine the impact of 

a digitally delivered diabetes prevention program on several measures of self-efficacy.  

Additionally, we also sought to examine the relationships among changes in self-efficacy 

and changes in body weight.  It is hypothesized that a) there will be a greater change in 

healthy eating self-efficacy (HESE), physical activity self-efficacy (PASE), and weight 

loss self-efficacy (WLSE) in the digital diabetes prevention program (d-DPP) group 

compared to the small group education (SGE) group and b) that changes in HESE, PASE, 

and WLSE will be related to changes in bodyweight. 

 

 

METHODS 

Overview 

 The data for this study came from a randomized, controlled, single-blind clinical 

trial called Preventing Diabetes with Digital Health and Coaching for Translation and 

Scalability (PREDICTS). The purpose of PREDICTS was to determine the effectiveness 

of a completely digital diabetes prevention program in reducing bodyweight, HbA1c, and 

cardiovascular risk factors in adults with prediabetes. PREDICTS randomized 599 adults 

with prediabetes to receive a digital diabetes prevention program (d-DPP) or a small 

group diabetes prevention education class (SGE).  
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Eligibility and Recruitment 

 All recruitment and data collection was conducted through the University of 

Nebraska Medical Center (UNMC) in Omaha, NE.  Participants were identified by 

searching the UNMC electronic health records (EHR) for an HbA1c in the prediabetic 

range (5.7-6.4%) and a BMI of >25 kg/m2. ICD-9 and ICD-10 codes in the EHR were 

reviewed for inclusion and exclusion criteria. Identified patient names were given to their 

primary care provider who reviewed the list and removed potential participants with 

safety concerns, inability to participate in moderate physical activity, or who didn’t meet 

eligibility criteria. The remaining potential participants were contacted via post mail and 

invited to participate in the study by their primary care provider and given the option to 

opt out of further communication related to the study. Next, potential participants were 

contacted via telephone call by study staff to determine interest in study participation and 

further screen and invite potential participants to come to a screening/eligibility visit. 

Participants had to be at least 19 years old, have a BMI of at least 25 kg/m2 (at least 23 

kg/m2 for Asians), and have an HbA1c in the prediabetic range, defined as 5.7-6.4%.  

Full eligibility criteria are listed in Table 1.   

At the screening visit, participants were originally screened for prediabetes 

utilizing a Point-of-Care (POC) HbA1c test (A1CNow®+, Professional Multi-test HbA1c 

system; Polymer Technology System, Inc., Indianapolis, IN). However, this device was 

found to produce a large proportion of false positive results (116 individuals with an 

HbA1c outside the prediabetic range were included in the sample). The protocol was 
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amended to remove the use of the POC HbA1c test and was replaced with the use of 

venipuncture blood sample to determine whether potential participant had an HbA1c 

level in the prediabetic range. Blinded research staff also collected resting blood pressure, 

resting heart rate, height, weight, and waist circumference. Participants with an HbA1c in 

the prediabetic range were invited to come to a baseline visit where they completed self-

report measures and were randomized using randomization tables, stratified by sex and 

age. All measures except sociodemographic information and health literacy were 

repeated at 4 months and 12 months.   

 

Interventions 

Digital Diabetes Prevention Program (d-DPP). The d-DPP (the Omada Health 

Program ®) is a technology mediated translation of the landmark DPP lifestyle 

intervention and is recognized by the CDC Diabetes Prevention Recognition Program. 

Participants can access the program via a mobile app or the internet using internet-

enabled devices (laptop, tablet, smartphone). Once connected, participants 

asynchronously complete weekly interactive lessons on diabetes prevention and lifestyle 

change, can message their health coach for individualized feedback and counseling, 

record meals, track their weight and weight loss progress using a wireless weight scale, 

track their physical activity using a pedometer, and can even monitor their engagement 

with the website. The program is a total of 12 months in duration and consists of an initial 

16 weeks of intensive curriculum focused on weight loss, followed by 36-weeks of 

curriculum focused on maintaining their weight loss. Participants are matched into small 
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groups (18-28 participants) and can connect with each other via a private online social 

forum, here they provide social support to each other by asking questions, making 

comments, and engaging in discussions moderated by their assigned health coach (Table 

2).  

Small Group Education (SGE). The SGE group consisted of a single, two-hour 

long class on diabetes prevention. Each group was comprised of 12-18 participants and 

was led by a health educator or graduate student that was trained in behavioral nutrition 

and physical activity. Participants received nutritional information based on the CDC My 

Plate recommendations and were educated on the recommended physical activity levels. 

A personal action plan to prevent diabetes was also developed by each participant.  

 

Measures 

Sociodemographic Information- Sociodemographic information was collected at 

baseline only. Data was obtained using self-report questionnaires.  

HbA1c- Collected non-fasting blood samples via venipuncture and processed at UNMC 

central diagnostic testing laboratory.  

Self-Efficacy- Measures of self-efficacy were developed based on the guidelines put 

forth by Bandura (1997)(Wilson et al., 2016). This study used 3 measures of self-efficacy 

each representing a behavioral domain related to weight loss: healthy eating, physical 

activity, and weight loss itself.  Each measure included 4 items reflecting confidence in 

one’s ability to perform the behavior when faced with various obstacles. Respondents 
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rate their self-efficacy on an 11-point scale ranging from 0% (not at all confident) to 

100% (completely confident). Examples of items include “how confident are you that 

you can stick with eating healthful foods even if you need a long time to develop the 

necessary routines”, “how confident are you that you can be physically active even if you 

have to try several times until it works” and “how confident are you that you can lose 

weight even if you have to rethink your entire way of losing weight”. Scores are averaged 

for each subscale with higher scores indicating a higher perceived self-efficacy. These 

measures were highly reliable (Cronbach’s alpha > 0.9).   

Bodyweight- Body weight was measured with the participant’s shoes off, on a calibrated 

scale.  

 

Statistical Analysis 

 Baseline characteristics were summarized using descriptive measures and 

presented overall and by treatment group as means and standard deviations for 

continuous variables and counts and percentages for discrete variables. Change scores for 

PASE, HESE, WLSE, and body weight were calculated. Data distributions of each self-

efficacy change variable were assessed using histograms, which showed normal data 

distributions. To compare changes in self-efficacy between each group, a series of 

analysis of covariance tests were performed for each measure of self-efficacy. In each test, 

baseline self-efficacy was controlled. To compare associations among changes in self-

efficacy and changes in body weight, bivariate correlations were completed among each 

measure of self-efficacy and body weight. Next, multiple regression models were 
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computed with the dependent variable as change in body weight and the predictors as age, 

gender, and changes in self-efficacy. Analyses were performed using SPSS version 27.  

 

 

RESULTS 

Baseline characteristics of participants are summarized overall and by group in 

Table 3. Of the 599 subjects who participated in the study, 299 were randomized to the d-

DPP group and 300 were randomized to the SGE group.  The average age of the group 

was 55±12 years and 61% of the sample was female. The sample consisted of African 

American (6.5%), white (90.5%), Hispanic (3.2%), Asian (1.0%), and other (1.7%). 

Baseline HbA1c was between 5.7 – 6.4% in 80.6% of the participants. Baseline BMI was 

36.0±6.4 kg/m2. No significant differences were found between the groups for any 

baseline characteristic.  

 A series of three separate ANCOVA tests were run to determine the effect of the 

digital diabetes prevention program on each of the three measures of self-efficacy after 

controlling for baseline self-efficacy values (Table 4).  All assumptions of the 

ANCOVAs were met (e.g., all Levene’s Tests for Homogeneity of variance were non-

significant; the data were normally distributed, and the observations were independent.) 

There was a statistically significant difference in change in HESE between the d-DPP 

group and the SGE group, F(1, 455) = 7.38; p < .05; d = .275, such that HESE in the SGE 

group significantly decreased compared to the d-DPP group (Table 4) (Figure 2). There 

was also a statistically significant difference in change in WLSE between the d-DPP 
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group and the SGE group, F(1, 458) = 15.96; p <.05; d = .374, such that WLSE in the SGE 

group significantly decreased compared to the d-DPP group (Table 4) (Figure 4). There 

was no significant difference in change in PASE between the d-DPP group and the SGE 

group, F(1, 455) = 1.09; p > .05; d = .122 (Table 4) (Figure 3).  

A Pearson Correlation was used to assess the relationship between the change in 

each measure of self-efficacy and the change in body weight during the intervention 

(Table 5). There was a statistically significant inverse correlation between change in 

HESE and change in body weight, r = -0.25; p< .05 (Table 5) (Figure 5). There was also 

a statistically significant inverse correlation between change in WLSE and change in 

body weight, r = -0.27; p < .05 (Table 5) (Figure 6). There was no statistically significant 

correlation found between change in PASE and change in body weight, r = -0.08; p > .05 

(Table 5) (Figure 7).  

A linear regression established that change in each measure of self-efficacy could 

significantly predict change in body weight (Table 6). All assumptions of the linear 

regression analysis were met. There was independence of residuals, as assessed by a 

Durbin-Watson statistic of 1.75. Inspection of a scatterplot of studentized residuals and 

unstandardized predicted values was used to establish whether a linear relationship exists 

between the dependent and independent variable collectively. Partial regression plots 

between each independent variable and the dependent variable were also used to establish 

whether linear relationships existed. Both scatterplot and partial regression plot showed 

linearity. Inspection of a plot of studentized residuals and unstandardized predicted 

values showed there was homoscedasticity. Additionally, a histogram and P-P plot of the 

regression standardized residuals indicates that residuals are normally distributed.  Age, 
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sex, and changes in self-efficacy accounted for 11.7 % of the explained variability in 

body weight. WLSE was the most significant contributor to the model (𝛽	= -0.23; p 

< .001), followed by HESE (𝛽 = -0.17; p = .013), PASE (𝛽 = 0.17; p = .003), and age (𝛽 

= -0.17; p < .001) (Table 6). Sex was not found to be a unique independent predictor of 

change in weight (𝛽 = 0.08; p = .061) (Table 6). 

 

 

DISCUSSION 

 The purpose of this study was to examine the impact of a digitally delivered 

diabetes prevention program on HESE, WLSE, and PASE, as well as to examine the 

relationships among changes in self-efficacy and changes in body weight.  This study 

showed that a digital diabetes prevention program is able to preserve most areas of self-

efficacy. That is, the d-DPP appeared to prevent a decrease in measures of self-efficacy 

as compared to the comparison group.  Additionally, it was found that changes in each 

measure self-efficacy were predictors of changes in body weight resulting from the 

digital diabetes prevention program, such that improvements in self-efficacy predict 

reductions in body weight.   

The hypothesis that there would be greater changes in self-efficacy in the d-DPP 

group compared to the SGE group was not supported in this study. While there was not 

an increase in self-efficacy in the d-DPP group, HESE was preserved compared to the 

SGE group. This contrasts a 26-week in-person weight loss intervention by Annesi 

(2011). The intervention resulted in a significant increase in diet self-efficacy, measured 



 

 33 

by the WEL (Annesi, 2011). This is also in contrast with a 6-month remotely-delivered 

mobile weight loss intervention which resulted in a significant increase in diet self-

efficacy as well (Turner-McGrievy et al., 2020). Comparisons with these studies is 

problematic, however, due to the differences in the duration of the interventions.  The 

present study assessed self-efficacy at 12-months of follow-up whereas the previous 

studies assessed self-efficacy at approximately 6-months.  It is possible that the 

participants in the present study also experienced short term increases in self-efficacy, but 

the effects eroded over time as participants experienced consistent barriers and struggled 

to maintain their dietary behavior.    

There was no difference between groups in the changes in PASE in the present 

study, and both groups appeared to have decreased PASE at the end of the intervention. 

This is in agreement with a weight loss intervention that found a decrease in exercise 

self-efficacy over the course of the 12-month intervention. However, other weight loss 

studies have found increases in exercise self-efficacy (Annesi, 2011; Annesi & Gorjala, 

2010). Annesi and Gorjala (2010) found an increase in exercise self-efficacy over the 

course of the 6-month weight loss intervention and Annesi (2011) found an increase over 

the course of a 26-week weight loss intervention. As noted above, however, the 

differences in the length of follow-up could explain the discrepant findings.  Additionally, 

a secondary analysis of the original DPP found no change in exercise self-efficacy after 

an average follow up duration of 2.3 years (Delahanty et al., 2013). 

As a result of the current study, WLSE was preserved in the d-DPP compared to 

the SGE group. As WLSE is one area of self-efficacy that has not been assessed in other 

studies, it is difficult to interpret this finding. This measure assesses an individual’s belief 
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in their ability to lose weight in various situations. Participants in the d-DPP group are 

given tools to aid in weight loss, such as digital tracking tools, information on improving 

diet and physical activity, and access to a health coach who can encourage and give them 

tips. Since both groups were most likely faced with obstacles in overcoming weight, it is 

not surprising that the control group, who didn’t have access to these tools, had a larger 

decrease in their belief in their ability to lose weight. Future research should compare the 

effects of a digital diabetes prevention program on WLSE.   

It is important to note that while the d-DPP intervention did not appear to increase 

any of the measures of self-efficacy, it did prevent participants’ self-efficacy from 

decreasing. Those in the control group had a decrease in all measures of self-efficacy and 

changes in WLSE and HESE were significantly different from that of the d-DPP group. 

This shows that the intervention was able to preserve most areas of self-efficacy. The 

preservation of WLSE and HESE compared to the control group shows that the 

intervention did have some beneficial effect on self-efficacy.  

 The hypothesis that changes in self-efficacy would be related to changes in body 

weight was partially supported by this study. It was found that changes in WLSE and 

HESE were associated with changes in body weight and all measures of self-efficacy 

were independent predictors of changes in body weight during this digital diabetes 

prevention program even when including age and sex in the analyses. Such that larger 

improvements in each measure of self-efficacy were correlated with larger reductions in 

body weight. 
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 The current study found that changes in HESE was a unique predictor of changes 

in body weight. Interestingly, this contrasts with multiple weight loss interventions that 

have found diet self-efficacy not to be a significant independent predictor of weight loss 

(Annesi, 2011; Byrne et al., 2012; Teixeira et al., 2010; Turner-McGrievy et al., 2020). 

Annesi (2011) found diet self-efficacy, measured by the WEL, was not a significant 

independent predictor of weight change in an analysis of their total sample (N = 137). 

However, when running an analysis on only the women (N = 102), changes in diet self-

efficacy became a unique significant predictor of weight change. A 6-month remotely 

delivered mobile weight loss program also found that diet self-efficacy was not an 

independent predictor of weight loss (Turner-McGrievy et al., 2020). A secondary 

analysis of the DPP found low-fat diet self-efficacy to be an independent predictor of 

whether participants met the 7% weight loss goal at the end of the study when 

demographic and statistically significant weight history and cognitive/ psychological 

variables were entered into the model. However, once all statistically significant 

behavioral variables were added to the model, low-fat diet self-efficacy became non-

significant.  

 Changes in PASE were found to be a significant independent predictor of weight 

loss. This is in agreement with a weight loss study that found that larger improvements in 

self-efficacy predicted a larger amount of weight loss (Byrne et al., 2012). However, this 

is in contrast with a secondary analysis of the DPP, which did not find exercise self-

efficacy to be an independent predictor of achieving a 7% weight loss (Delahanty et al., 

2013). These findings may differ from the present study due to the difference in analyses. 

The present study found PASE to be an independent predictor of weight loss in general, 
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while the secondary analysis of the DPP focused on whether it was an independent 

predictor of achieving a specific amount of weight loss. The secondary analysis focused 

on assessing whether exercise self-efficacy was an independent predictor of 7% weight 

loss, which is higher than the average weight loss in the intervention or control group of 

the current study. This may contribute to why we did find a relationship between PASE 

and body weight changes and Delahanty and colleagues did not.  

 In the present study, change in WLSE was found to be a predictor of changes in 

body weight. Larger improvements in WLSE predict larger amounts of weight loss. No 

other weight loss interventions or diabetes prevention interventions have analyzed the 

relationship between WLSE and changes in body weight. Since this measure assesses an 

individual’s belief in their ability to lose weight in various experiences, it makes sense for 

this to be a predictor of weight loss. Weight loss is a difficult task, those with lower self-

efficacy are more likely to shy away from difficult tasks (Bandura, 1994), meaning those 

with low WLSE are more likely to shy away from even attempting to lose weight. 

Therefore, those with higher WLSE are more likely to attempt to lose weight and will 

therefore end up being more successful at losing weight than those with a lower WLSE. 

Further research is needed in this area to confirm the results of the present study.  

 Changes in self-efficacy are important predictors in change in weight loss. 

Interventions should target improving self-efficacy during a digital diabetes prevention 

program in order to increase an individual’s weight loss. However, targeting self-efficacy 

may be more difficult than expected since areas of self-efficacy may need to be targeted 

specifically. Including stress management in an intervention has been shown to increase 

dietary self-efficacy by a meta-analysis that analyzed behavioral change techniques used 
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in interventions aimed at improving healthy eating (Prestwich et al., 2013). The current 

study included topics on stress management in the curriculum however, perhaps 

including more sessions on this topic may have been useful in improving HESE.  

Individuals who are stressed, often feel they have lack of control over their environment, 

while higher self-efficacy requires an individual to feel in control of their environment. 

Due to their conflicting nature, stress management can allow an individual to gain more 

feeling of control over their environment and therefore improve their self-efficacy.  A 

meta-analysis evaluating behavioral change techniques that improve PASE in obese 

individuals found that action planning, prompt self-monitoring of behavioral outcome, 

plan social support/social change, and time management were all associated with 

significantly higher self-efficacy effect sizes during interventions that aimed to improve 

PA and eating behaviors (Olander et al., 2013). Incorporating these behavioral change 

techniques into a digital diabetes prevention program may improve PASE and therefore 

improve weight loss outcomes. Future research on behavioral change techniques that 

improve WLSE should be conducted to potentially increase the efficacy of interventions 

aimed at weight loss.  

This study is not without limitations. First, there was no comparison to an in-

person DPP. Since all of the literature found on psychosocial variables during a diabetes 

prevention program was done in-person, a comparison to in-person DPP would have 

allowed for a stronger comparison to current literature. Second, the sample of this study 

was primarily white with few individuals being from a low socioeconomic status. Since 

diabetes disproportionately affects minorities and those of a low socioeconomic status, 

the study sample may not have been as representative of the population of those with 
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diabetes in the real world. Additionally, those of a low socioeconomic status may have 

more trouble accessing the digital technologies that were utilized in this study. Third, this 

analysis represents a small part of the larger social cognitive theory, we have not 

measured or analyzed the impact of self-regulation, outcome expectations, sociocultural 

facilitators and impediments, and behavior. This may explain why we were only able to 

explain 11.7% of variance in weight loss. Additionally, we did not analyze adherence and 

engagement with the program so it is unknown to what degree these may have impacted 

the findings. Finally, we did not conduct fidelity assessments on the implementation of 

the intervention and thus do not know to what extent health coaches actually targeted the 

sources of self-efficacy (e.g., used verbal encouragement). 

Future research is needed to further examine the impact of a digitally delivered 

diabetes prevention program on self-efficacy and other psychosocial variables. Presently, 

there are no other studies that have examined self-efficacy during a digital diabetes 

prevention program. Additionally, no other studies that have examined WLSE during a 

weight loss or diabetes prevention intervention. Additionally, future research should look 

at changes in self-efficacy during the intervention, as opposed to only at the end of the 

intervention. Hays et al (2014) found significant increase in diet self-efficacy at 6 months 

however, diet self-efficacy showed no significant differences at 12 months. More 

investigation into the changes made during core curriculum (first 16 weeks) and after 

core curriculum (subsequent 36 weeks) in studies modeled after the DPP may allow 

investigators to modify post-core curriculum phase to better enhance each area of self-

efficacy.   
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 Digital diabetes prevention programs have the ability to preserve self-efficacy in 

individuals at high risk for developing diabetes. The changes in self-efficacy during a 

digital diabetes prevention program can predict changes in body weight, making self-

efficacy an important variable to target throughout a digital diabetes prevention program. 

Diabetes prevention programs should incorporate a focus on improving self-efficacy in 

order to improve overall weight loss outcomes. 
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Sources of self-
efficacy 
-Mastery experiences 
-Vicarious experiences 
-Verbal persuasion 
-Emotions and 
physiological states 

Self-efficacy Self-regulation Behavior 

Outcome expectations 

Sociocultural facilitators 
and impediments 

Figure 1. Social Cognitive Theory 

Adapted from Rejeski & Fanning (2019) 
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Table 1. Inclusion and exclusion criteria 
Inclusion Criteria Exclusion Criteria 
Age > 19 Not meeting all inclusion criteria 
BMI >25 (Asian > 23) Diagnosed with Type I or II diabetes 
Point of care HbA1c test in the 
range of 5.7 – 6.4% 

Patient included in EHR NO Contact List 

Plans to reside in the 
recruitment area for the next 
12 months 

Diagnosed with congestive heart failure, coronary artery 
disease, chronic obstructive pulmonary disease, pulmonary  
hypertension 

Capacity to give consent Diagnosed with dementia or probable Alzheimer’s disease 
Willingness to use email Taking oral hypoglycemic agents or other medications known 

to produce weight loss or weight gain 
Willingness to be randomized Participating in a concurrent weight management program or 

interventional research protocol 
Medically stable Unable to engage in physical activity, as determined by the 

primary care provider 
Regular access to email and 
internet 

On a prescribed medical diet 

 Had bariatric surgery within the past 3 years or planning 
surgery within the next 12 months 

 Anti-obesity or diabetes therapy within the preceding 4 months 
 Any mental health condition, including eating disorders or 

alcohol/substance abuse, which would affect fully participating 
 Self-report as currently pregnant or within 6 weeks of having 

given birth (or planning to become pregnant in the next 12 
months), or not practicing contraception 

 Unstable cardiac disease (i.e., heart attack/failure or stroke in 
the last 6 months, or in cardiac rehab) 

 On dialysis or an active organ transplant list 
 Chronic kidney disease 
 Untreated thyroid disease 
 Cancer within the last 5 years unless skin cancer (i.e., currently 

or within the last 5 years in chemotherapy or radiation 
treatment) 

 Unwilling to accept random assignment 
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Table 2. PREDICTS Intervention components that impact self-efficacy 
Source of Self-Efficacy Intervention Component 
Mastery Experiences Digital tracking tools 

Tracking weight loss 
Tracking physical activity 
Goal setting 

Vicarious Experiences Small group support 
Private online social forum/small group 
discussion 

Verbal Persuasion Personalized health coaching 
Private online social forum/small group 
discussion 

Emotions and Physiological States Personalized health coaching 
Emotional eating evaluation 
Re-evaluation of hunger 
Coping with relapse/frustration 

 
 
 
 
 
Table 3. Baseline characteristics across groups. 
 N (%) or Mean (SD)  

 

Total 
Sample 
(n=599) 

Digital 
Diabetes 

Prevention 
Program  
(d-DPP) 
(n=299) 

Small Group 
Education 

(SGE) 
(n=300) P value 

Age (years) 55.4 (12.7) 55.3 (12.9) 55.6 (12.6) 0.83 
Senior (65 years or older)  157 (26.2) 80 (26.8) 77 (25.7) 0.83 
Weight (lbs)  226.8 (46.3) 224.5 (41.9) 229.1 (50.3) 0.23 
Hba1c - %  5.8 (0.3) 5.8 (0.3) 5.8 (0.2) 0.84 
Hba1c -     0.84 
    < 5.7% 113 (18.9) 57 (19.1) 56 (18.7)  
    5.7 - 6.4% 483 (80.6) 240 (80.3) 243 (81.0)  
    > 6.4% 3 (0.5) 2 (0.7) 1 (0.3)  
BMI (kg/m2)  36.0 (6.4) 35.8 (6.1) 36.1 (6.6) 0.50 
Sex    1.00 
    Male 231 (38.6) 115 (38.5) 116 (38.7)  
    Female   368 (61.4) 184 (61.5) 184 (61.3)  
Race (can select more than one)     
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    White  542 (90.5) 273 (91.3) 269 (89.7) 0.59 
    African American  39 (6.5) 16 (5.4) 23 (7.7) 0.33 
    Hispanic  19 (3.2) 7 (2.4) 12 (4.0) 0.36 
    Asian  6 (1.0) 4 (1.3) 2 (0.7) 0.68 
    Other 10(1.7) 4 (1.3) 6(2.0) 0.76 
Education Level     0.18 
    Some High School 3 (0.5) 0 (0.0) 3 (1.0)  
    High School Graduate 76 (12.7) 37 (12.4) 39 (13.0)  
    Some College, Vocational, Technical 184 (30.8) 98 (32.9) 86 (28.8)  
    College Graduate 185 (31.0) 97 (32.6) 88 (29.4)  
    Post-Graduate 149 (25.0) 66 (22.1) 83 (27.8)  
Income     0.88 
     Less than $35000 96 (16.4) 48 (16.4) 48 (16.3)  
     $35000 and $49999 69 (11.8) 38 (13.0) 31 (10.5)  
     $50000 and $74999 122 (20.8) 61 (20.9) 61 (20.7)  
     $75000 and $99999 92 (15.7) 46 (15.8) 46 (15.6)  
     More than $100k 208 (35.4) 99 (33.9) 109 (36.9)  
Waist circumference (cm)     
      Male 116.4 (13.7) 117.9 (14.6) 115.0 (12.7) 0.11 
      Female 114.1 (15.0) 114.5 (15.9) 113.7 (14.1) 0.63 
Systolic BP (mm Hg)  128.6 (15.1) 128.6 (16.0) 128.6 (14.1) 1.00 
Diastolic BP (mm Hg)  79.5 (10.7) 79.8 (11.1) 79.1 (10.2) 0.46 
Cholesterol (mg/dL) 189.0 (36.7) 187.9 (36.2) 190.2 (37.3) 0.45 
LDL (mg/dL) 102.8 (32.1) 102.8 (31.6) 102.9 (32.7) 0.97 
HDL (mg/dL) 49.2 (12.5) 48.5 (11.4) 50.0 (13.5) 0.15 
Triglycerides (mg/dL) 195.7 (115.9) 190.9 (104.0) 200.5 (126.6) 0.31 
 



Table 4. Mean self-efficacy scores from baseline to 12-months 
Self-
Efficacy 
Variable 

d-DPP SGE ES P 

 Baseline 
(SD) 

12 
months 
(SD) 

Adj. 
Change 
(SE) 

Baseline 
(SD) 

12 
months 
(SD) 

Adj. 
Change 
(SE) 

  

Physical 
Activity 
SE 

78.38 
(16.80) 

74.66 
(20.60) 

-3.90 
(1.12) 

80.19 
(16.96) 

74.60 
(19.97) 

-5.55 
(1.11) 

.122 .297 

Healthy 
Eating 
SE 

74.32 
(18.05) 

75.08 
(19.39) 

0.37 
(1.09) 

76.44 
(17.44) 

72.27 
(18.95) 

-3.81 
(1.08) 

.275 .007 

Weight 
Loss SE 

77.33 
(18.92) 

77.38 
(18.95) 

-0.18 
(1.09) 

79.45 
(16.72) 

72.98 
(20.15) 

-6.14 
(1.09) 

.374 <.001 

ES = Cohen’s d (between group change);  
Bonferroni adjustment to determine alpha level for 2 comparisons. 
Baseline and 12-month means are raw means and SD. 
Adj. Δ are LSMEANS from model with change as outcome adjusting for baseline and 
group. 
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Table 5. Bivariate correlations between 12-month change in self-efficacy and body 
weight  
Variable ∆Body 

Weight 
∆Physical 
Activity SE 

∆Healthy 
Eating SE 

∆Weight 
Loss SE 

∆Body 
Weight 

1 -0.08 -0.25* -0.27* 

∆Physical 
Activity SE 

-0.08 1 0.60* 0.57* 

∆Healthy 
Eating SE 

-0.25* 0.60* 1 0.74* 

∆Weight 
loss SE 

-0.27* 0.57* 0.74* 1 

*p < 0.05  
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Table 6. Regression analysis of predictors of weight loss 

 Unstandardized Coefficients Standardized 
Coefficients t Sig. 

Model Beta Std. Error Beta   
(Constant) 0.76 3.82  0.20 .843 

Age -0.22 0.06 -0.17 -3.81 < .001 

Sex 2.52 1.34 0.08 1.88 .061 

∆PASE 0.15 0.05 0.17 2.95 .003 

∆HESE -0.14 0.06 -0.17 -2.49 .013 

∆WLSE -0.19 0.06 -0.23 -3.37 < .001 

R2adj= 0.117; p < .001 
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