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Introduction
 Eighty-six million American adults (more than one out of three) have prediabetes and nine out of ten patients are not aware that they are at risk for type 2 diabetes mellitus (T2DM)(CDC, 2014; CDC, 2016).  By following a lifestyle behavior modification program, such as the Center’s for Disease Control and Prevention (CDC) National Diabetes Prevention Program (DPP), prediabetes can potentially be reversed by following a low-calorie, low fat diet, and increasing physical activity (PA) (CDC, 2014; CDC, 2016).  The DPP program goal is for participants to incorporate lifestyle changes that will successfully result in a weight loss of ≥ 5-7% of their total body weight (CDC, 2016).  Studies suggest that following “lifestyle interventions reduced the incidence by 58% over 5 years compared to [medication therapy with] metformin at 31%” (Kirley& Williams, 2016).  In addition, “24% of participants in the DPP have a 15-year delay in the development of type 2 diabetes” (CDC, 2014).  Due to the high incidence of prediabetes within our own health system, it was imperative to utilize a health system approach to prevent or reduce patients’ risk of developing T2DM.  
Henry Ford Macomb Hospital (HFMH) is part of Henry Ford Healthcare System which is a large healthcare system located in the Midwest.  In 2016, HFMH’s eleven ambulatory Primary Care/Internal Medicine clinics, HFMH Faith Community Nursing Network (FCNN), American Medical Association (AMA), Centers for Disease Control and Prevention (CDC), and Epic teamed up to develop and test Epic’s Turbo Charger, which is an innovative approach to population health management.  The Turbo Charger consists of both a diabetes risk screening assessment and management tools built within the electronic medical record (EMR) and the patient’s MyChart patient portal.  These tools help providers through screening and identifying patients at risk for developing type 2 diabetes, providing a more efficient and effective solution to population health management, and providing an easier process for referring patients electronically to the Diabetes Prevention Program (DPP).  To test the functionality of the tools, a pilot study was conducted.  The pilot sites consisted of HFMH’s 11 Primary Care\Internal Medicine clinics which include approximately 49,488 adult patients (≥18 years).  While the numberof referrals increased tremendously, ensuring participant engagement and sustainability in the DPP was a challenge as identified during HFMH’s microsystem assessment (HFHS, 2017).
Background/Significance
The prevalence of diagnosed diabetes in Michigan has exceeded the national average almost every year for the past 30 years.  While we have seen early signs of a plateau in the incidence of diabetes, the number of cases of diagnosed diabetes continues to grow at an alarming rate (CDC, 2018).  Patients diagnosed with T2DM are more likely to develop hypertension, heart disease, stroke, chronic kidney disease, as well as other co-morbidities.  

In 2012, the economic cost of type 2 diabetes mellitus (T2DM) was $245 billion dollars, and the average costs for treating a new patient diagnosed with T2DM condition was approximately $2,700 per patient during their first year of treatment (CDC, 2014; Kirley& Williams, 2016).  
As stated previously, prediabetes is a reversal condition.  If left untreated, depending on where an individual is on the prediabetes spectrum, 15-30% of people with prediabetes will progress on to develop type 2 diabetes within 5 years (CDC, 2014).  Given current trends in progression from prediabetes to full-blown diabetes, a typical clinical practice can expect the number of patients with diabetes to grow by more than 30% in just 5 years (Kirley& Williams, 2016).  The AMA believes that this increase in the number of patients with a serious medical condition can have a significant negative impact on the functioning of primary care provider practices.  Therefore, it is imperative to focus efforts on evidence-based practices that will help prevent patients from developing type 2 diabetes (Kirley& Williams, 2016).  
There are available clinical guidelines and data that support the diabetes prevention program as a cost-effective approach in preventing type 2 diabetes (CDC, 2014; Kirley& Williams, 2016). In 2012, the Centers for Medicare and Medicaid Innovations (CMMI) partnered with 17 sites from the Young Men’s Christian Association (YMCA) across the United States, the CDC, and other partners to conduct a study to test the delivery of the CDC’s DPP on the Medicare population.
For this study, YMCA enrolled participants from February 15, 2013 to March 2015 and evaluated the results of the participants enrolled into the Y-USA DPP study over the first eight quarters.  RTI International (RTI) evaluated the number of participants who were recruited and attended at least one session (n=6,874), and of those recruited, the total number of participants that were enrolled and attended at least four sessions (n=5,696).  The average weight loss was 4.73 percent for participants who attended at least four sessions and of those who attended at least four sessions, only 44 percent reached their 5-percent weight loss goal.  For participants who attended at least nine core sessions, the average weight loss was 5.17 percent (Spitalnic, 2016).  Other key findings include 60 percent of the participants were between the ages of 65-75 years, and 80 percent of the participants who attended at least four core sessions, achieved a significant weight loss and those who attended nine core sessions achieved even more weight loss.  “For the impact on total cost of care, RTI used a difference-in-differences regression analysis, which showed statistically significant gross savings in each of the first five quarters [or the course of 15 months] of the program, totaling $2,650 [per DPP participant]” (Spitalnic, 2016).  This “translates to a clinically meaningful reduction in the risk of developing type 2 diabetes” (Verma, 2018).  As a result of the success of this demonstration project, in March 2016, Medicare expanded the CDC’s model to include a Medicare Diabetes Prevention Program (MDPP).  As of April 1, 2018, Medicare coverage for MDPP services are being offered to eligible Medicare Part-B beneficiaries (CMS, 2018).  

The National DPP is based on the results of the Diabetes Prevention Program (DPP) study funded by the National Institutes of Health (NIH). The study found that lifestyle changes resulting in modest weight loss sharply reduced the development of type 2 diabetes in people at high risk for the disease.

So, why prioritize diabetes prevention?  Diabetes prevention should be a priority within the primary care setting; however, due to time-constraints providers may find it difficult to provide their patients the education needed to support lifestyle modifications effectively.  By referring patients to an intensive lifestyle change counseling program this will help the providers with care management while supporting their patient’s needs.  

In addition, diabetes prevention aligns to value-based care trends; such as, the improvement activities under quality payment programs (QPP/MIPS), and patient-centered medical home initiatives.  Finally, diabetes prevention achieves the IHI Triple (Quadruple) Aim of providing better care (adheres to evidence-based guidelines for diabetes prevention), better outcomes (lowers incidence of diabetes by 58 percent), lower cost (Medicare estimated savings at $2,650 per beneficiary), and improving the care giver experiences (reduces prevalence of diabetes).

Diabetes is an extremely costly condition.  The AMA urges primary care providers to screen, test, and refer patients identified with prediabetes to a diabetes prevention program (Kirley& Williams, 2016).  Leveraging technology to support population health is an innovative approach to reducing the risk of type 2 diabetes.  By utilizing the electronic tools built within the EMR, HFMH’s preliminary data suggests that approximately 4,686 patients are at risk for developing type 2 diabetes.  Throughout the Henry Ford Health System (HFHS), there are approximately 67,000 patients at risk as well (HFHS, 2017).  As a result, of leveraging technology HFMH referral numbers to the DPP have increased seven-fold (HFMH, 2018).
Clinical Question 1:  In adult participants 18 years of age and older enrolled in the Diabetes Prevention Program, how does use of mobile app technology affect participant's engagement and satisfaction with the program compared to manual documentation?

P:  Participants ≥ 18 years of age enrolled in DPP

I:   Use of mobile app technologyfor food and physical activity tracking

C:  Use of mobile app technologyas compared to manual documentation

O:  Effect on participant engagement and satisfaction
Clinical Question 2:In adult participants 18 years of age and older enrolled in the Diabetes Prevention Program, how does the use of mobile app technology affect patient outcomes; i.e., weight loss, physical activity, body mass index (BMI), and blood pressure (BP), as compared to manual documentation?    
P:  Participants ≥ 18years of age enrolled in DPP
I:   Use of mobile app technology for food and physical activity tracking

C:  Use of mobile app technologyas compared to manual documentation

O:  Effects on weight loss, physical activity, Body Mass Index, and Blood Pressure
  



Literature Review
The literature search strategies included searching results from the National Center for Biotechnology Information (NCBI) at the U.S. National Library of Medicine (NLM).  This included identifying more recent research (within past 10 years) on the use of technology and by utilizing a descendancy approach to identify earlier relevant studies.  Other search strategies included reviewing literature found on MEDLINE, PUBMED, and Sladen library databases for both qualitative and quantitative research studies, pilot case studies, randomized controlled trials (RCT), and evidence-based care guidelines.  Other inclusion criteria included publications in English; adult patients over 18 years of age; and interventions that offered using mobile health technologies, and diabetes prevention interventions.  For exclusion criteria, the year range was not set in order to identify cross-sectional and longitudinal studies that may have been conducted related to prediabetes.

Key terms searched were a combination of “diabetes prevention programs”, “diabetes prevention materials AND patient outcomes”, diabetes prevention AND technology”, “prediabetes”, “food trackers AND diabetes prevention”, “fitness trackers AND diabetes prevention”, “food journal AND diabetes prevention”, “paper versus electronic”, “paper versus electronic AND diabetes prevention”, “paper versus electronic AND diabetes material”. Diabetes Prevention Program (DPP)
In 2002, researchers conducted a randomized controlled trial (RCT) investigating whether the Diabetes Prevention Program’s (DPP) intensive lifestyle interventions or metformin could delay or prevent the onset of T2DM among patients diagnosed with prediabetes.  This study suggested that the incidence of T2DM was reduced by 58% with DPP interventions, and 31% with metformin over 2.8 years as compared to placebo (Grock et al., 2017).  In addition, after 15 years, the DPP outcomes also had a reduced incidence of T2DM by 27% in the lifestyle behavioral change group and 18% in the metformin group (Grock et al., 2017).  The DPP lifestyle behavioral change interventions improved the quality of life, was shown to be cost-effective, and helped to reduce the incidence of T2DM, and other co-morbidities (Grock et al., 2017).  As stated previously, prediabetes is a reversal condition.  If left untreated, depending on where an individual is on the prediabetes spectrum, 15-30% of people with prediabetes will progress on to develop type 2 diabetes within 5 years (CDC, 2014).
Technology
Mobile phone technology may be a cost-effective and convenient and way to deliver proven DPP weight-loss interventions to prevent or delay the onset of type 2 diabetes.  According to Fukuoka, Gay, Joiner, &Vittinghoff, (2015), “Approximately 90% of adults in the U.S. already own a mobile phone, and 58% own a smartphone.  Use of smartphones and mobile apps has grown exponentially, particularly among middle and older age groups and racial/ethnic minorities” (Fukuoka et al., 2015).

Because the use of technology has been shown to be effective in enhancing diabetes care and improving glycemic control, researchers wanted to focus on the use of technology to delay or prevent T2DM due to variability in identifying, reaching out to and enrolling patients in diabetes prevention program strategies (Fukuoka et al., 2015; Grock et al., 2017; Vigersky, (2015).  In addition, due to the success of DPP, researchers were trying to identify alternative ways to support DPP efforts.  Suggestions included offering technology-assisted weight loss interventions such as meal logging, and/or tracking physical activity to help support the DPP in order to lower their risk of developing type 2 diabetes.  Grock et al., (2017), compared three types of technology for effectiveness:  mobile phone text messaging; smartphone/web-based apps; and telehealth programs which helped to identify the pros and cons of the app being used.  
Bian et al., (2017), conducted a systematic review which identified that the DPP in-class group sessions interventions are effective in promoting weight loss and reducing the participants risk for developing type 2 diabetes.  However, there were barriers that were identified to participation.  These barriers included childcare needs, transportation, distance, aversion to group settings, and work schedules.  There were several pilot studies that were conducted to address these barriers using technological interventions.  Their systematic review evaluated 2,774 participants on the effectiveness of 18 technology-mediated intervention arms.  “A random-effects meta-analysis showed a pooled weight loss effect of 3.76 kilograms (95% CI 2.8-4.7; P<.01) for the interventions” (Bian et al., 2017).  Technology-mediated diabetes prevention programs can result in clinically significant amounts of weight loss as well as improvements in glycemia in patients with prediabetes.  Additionally, the results of this review and other RCT suggests that using technology-mediated delivery could be an alternative to in-person DPP and could potentially help participants overcome the “barriers of access and allow for expanded dissemination of such interventions" (Bian et al., 2017; Block et al., 2015).
Block et al., (2015), randomized control study consisted of utilizing Alive-PD which is a fully automated algorithm-driven behavioral intervention for preventing type 2 diabetes.  The researchers utilized this intervention to deliver tailored behavioral support via the Web, internet, automated phone calls, or mobile phone.  Results of the intervention group had a significantly greater reduction than in the control group for all outcome measures ─ BMI, waist circumference, TG/HDL, and reduced diabetes risk.  In addition, the intervention group had a significant increase in participation and retention (Block et al., 2015). 
Comparing and contrasting the evidence from research, Kawulich, Mindrila, & Brandenburg (2016), suggested the use of app technology to be beneficial to the participants of this study. However, Sarkar et al., (2016), resulted in similar findings of other studies and of the literature review conducted by the researchers.  These findings included both poor usability and barriers in use of internet-based patient portal websites and mobile health apps among an older, racially/ethnically diverse patient population group.  The impact of this study identified a need for more research to be conducted which should include usability testing and/or a pilot study on the use of mobile app technology before recommending any particular app for use for a patient population. 
According to Sarkar et al., (2016), “Mobile apps have great potential to improve patients’ self-management of chronic diseases.  However, overall, the usability of apps was suboptimal” (p. 1422).  Therefore, results demonstrate the need for further research, including training about diverse population groups, and employing participatory design strategies, and extensive testing of apps for usability. 

Apps should include automated features that are integrated with the electronic medical record, pharmacies, patient’s medical devices, etc. to decrease manual data entry.  This type of “formative work should be followed with rigorous evaluation approaches using either randomized trials or quasi-experimental designs that measure a range of implementation outcomes including uptake, use, self-management behaviors, health outcomes, and sustainment” (Sarkar et al., 2016, p. 1424).  At this time, due to the results of the study and small sample size, the generalizability to other contexts is limited, as well as, the implications for use as evidence-based practice.
Another study investigated the usability of existing mobile health applications (‘apps’) for diabetes, depression, and caregiving, in order to facilitate development and tailoring of patient-facing apps for diverse populations” (Sarkar et al., 2016, p. 1417).  Core premise of the apps was to be able to track data digitally over recording with pen and paper because of the apps ability to synthesize data for use.  However, data retrieval from the apps was difficult for the participants.  None of the apps had simple interfaces with large buttons and easy-to-follow instructions and navigation, making it difficult for those with low literacy and/or engaging patients with a broad age range. Therefore, 
app developers should employ participatory design strategies in order to have an impact on chronic conditions such as diabetes and depression that disproportionately affect vulnerable populations.  While patients express interest in using technologies for self-management, current tools are not consistently usable for diverse populations(Sarkar et al., 2016, p. 1417).
DPP Outcomes
Kawulich et al., (2016) conducted a study to evaluate the effectiveness of the interventions of the DPP.  The results of their study suggest that this program is effective with reducing weight, improving BMI status, and thereby reducing their risk for type 2 diabetes and related co-morbidities.  The more sessions attended, and the more exercise activity performed resulted in greater reductions in their BMI.  Improved nutrition and PA habits resulted in lowered BP and cholesterol.  Accountability of the DPP and the informative content promoted healthier behaviors, increased access to professional and peer support, an impacted their health positively ─ increase in PA, and a decrease in weight and BMI, A1C and blood glucose levels, cholesterol, and blood pressure-- (Kawulich et al., 2016).

Finally, the researchers suggested without following-up on the participants in order to collect additional data, it is difficult to make judgment about whether the participants maintained their healthy behavioral changes after completing the DPP program.  Therefore, more research is needed to be able to apply these findings to other populations or conclude that the DPP program benefits are sustainable (Kawulich et al., 2016).

Widespread availability of DPP interventions may help decrease the medical and economic burden of diabetes-associated complications.  While studies show some variability in the successes of technology-assisted DPP and weight loss interventions, it does appear that these programs can be both effective and cost-efficient (Grock et al., 2017, p. 107). 
Even though, further research should be conducted to determine which combination of intervention(s) would be more helpful and/or successful, health care providers and health systems should consider technology-assisted weight loss and DPP interventions to support patients at risk for type 2 diabetes.

Behavioral Change

Considering the findings of the articles that were reviewed, there are many factors that should be addressed when conducting a research study.  First, researchers should utilize a theoretical model to help guide their study; such as the Transtheoretical Model of Stages of Change (TTM), Social Cognitive Theory, and the Health Promotion Model (Cha et al., 2014; Grock et al., 2017; Kavulish et al., 2016; Sarkar et al., 2016).   For example, in the TTM it is imperative to assess the participant’s readiness to change and to identify which “stages of change” that the participant is in prior to referring the participant to the DPP; i.e., pre-contemplation, contemplation, preparation, action, and maintenance (Kavulish et al., 2016).
People who are in the pre-contemplation stage may not be ready to make a change and may refuse educational opportunities to assist in avoiding risky behaviors.  At the contemplation stage, people become more aware of their risky behaviors and the benefits of making a healthier lifestyle change.  During the preparation stage, people begin to think about ways that they can make to change high risk behaviors.  By assessing their readiness to change, may help ensure that the provider and patient are working together to set reasonable and attainable goals for the patient to achieve.  This will also help the patient to meet goals more readily and not be discouraged to progress to the next stage.  In the action stage, people make positive behavioral changes or modify their risky behaviors to improve health.  Finally, the maintenance stage occurs after people have modified to their risky behaviors and strive to maintain their healthy lifestyle changes (Kavulish et al., 2016).

Many factors should be considered when implementing healthier lifestyle changes.  Some barriers that were identified in the above studies included: cultural and religious beliefs, language barriers, cost of fresh fruit and vegetables, cost, time, and transportation issues to traditional DPP programs, accessibility to the grocery store, and following a low- carbohydrate diet containing more complex carbohydrates and less simple carbohydrates (Block et al., 2015; Fukuoka et al., 2015; HFMH, 2017; Islam et al., 2012; Johnson et al.,2011  Other studies have also found barriers to physical activity; such as, living in unsafe neighborhoods, unable to afford gym membership, and/or physical limitations or pain with activity which should be addressed (Dutton, Johnson,Whitehead, Bodenlos& Brantley, 2005; HFMH, 2017; Meyer, Sharkey, Patterson, & Dean, 2013).  The use of the Social Cognitive Theory (SCT) in research may help guide the researchers with examining cognitive, behavioral, and environmental factors affecting the DPP participants from reaching their goals.  While the Health Promotion Model (HPM) can help guide the researchers with identifying, developing, and implementing interventions to increase well-being resulting in disease prevention.  Finally, when conducting a research study, the researcher should explore and identify whether there are confounding or extraneous variables that could affect the results and/or introduce bias into the study.

The use of mobile applications (apps) technology can help participants manage their own health and wellness, promote healthy living, and gain access to useful information to support their needs; such as, tracking physical activity and food intake.  This is due to user convenience and accessibility of electronic tools to support self-care management.  Mobile app tools are adopted as quickly as developed.  Many apps are available for providers and patients to utilize to help support self-care management and secondary disease prevention.  Overall, the use of the mobile app platform can act as a magnifying glass to obtain a clearer picture into why the patient is not meeting their goals which can help guide the provider orpatient with setting patient-centered attainable goals.




Project Purpose Statement
This DNP proposal attempts to assess the usability of mobile app technology and its effects on participant engagement and satisfaction within the Diabetes Prevention Program.  In addition, this study will assess whether implementing mobile app technology is effective in supporting the needs and goals of the participants in the DPP.  This includes assisting the participants in following available evidence-based interventions and requirements set forth by the DPP which may help the participants in achieving their goals; such as, documenting their daily food intake and minutes of physical activity.  Finally, the purpose of this study is to gain consumer feedback on two mobile apps which will assist in developing an app for the health care institution.  
HFMH’s Diabetes Prevention Recognized Program (DPP) incorporates lifestyle behavioral changes and interventions when working with the participants.  The focus of these interventions is to reduce the participants risk for developing type 2 diabetes and other co-morbidities.  While the number of referrals increased tremendously during the pilot study conducted with the AMA, participant satisfaction, engagement, and commitment in the DPP was a challenge.  Participants found that documenting their food intake and physical activity on pen and paper tedious and often failed to document their total daily food intake or sometimes failed to return their food and physical activity diaries on a weekly basis.  In addition, keeping participants engaged and committed to complete the year-long program was another area of concern.  Therefore, additional interventions are needed for successful completion of the DPP.  
Organizational Assessment

Readiness for Change, Facilitators and Barriers

Review of the organization readiness to change identified the use of the patient portal within the electronic medical record to be relatively low.  However, HFHS has implemented a goal to increase patient portal use by encouraging patient portal access at every office visit.  The facilitators and barriers identified at HFMH is consistent with the literature which will be explored in this section.  Lack of awareness of the capabilities of the electronic medical record’s patient portal is a barrier; as well as, poor usability of patient portal tools (Furukawa, Patel, Hsiao, Adler-Milstein, & Jha, 2014).  According to Furukawa et al., (2014),

30 percent of physicians routinely used capabilities for secure messaging with patients, and 24 percent routinely provided patients with the ability to view online, download, or transmit their health record. These findings suggest that although EHR adoption continues to grow, policies to support health information exchange and patient engagement will require ongoing attention (p. 1672).

Second, research suggests that many providers worry that providing patient’s access to the patient portal may generate a large volume of in-basket messages which the providers would then need to address resulting in decreasing production, and loss of revenue (Furukawa et al., 2014).  Also, some providers are concerned that allowing patient’s access to their healthcare information might make patients confused or worried.  However, research suggests otherwise. Providing patient access to the patient portal and healthcare information, rarely generate substantial new work for the providers or cause patients undue concern (Furukawa et al, 2014).  The current evidence suggests that patients respond positively when given access to their electronic personal health information (Gold & McLaughlin, 2014). 

Another strength of this project plan is that the Meaningful Use (MU) program requires providers to adopt computerized capabilities for patient engagement to avoid penalties in Medicare and Medicaid reimbursement (Furukawa et al., 2014).  By educating providers on the capabilities of the patient portal and mobile app health technology may help improve patient outcomes, close gaps in care, and improve provider’s overall quality scores; as well as, assist with implementing this project proposal.

According to Furukawa et al., (2014), “there may be cognitive barriers to incorporating information into clinical decisions and patients’ self-management efforts. A more sustained effort to understand these challenges and what might be done to overcome them is needed” (p. 1678). Understanding these barriers is essential to achieving improvements in the cost and quality of care.  Therefore, it is critical to ensure continual improvement, efficiency and effectiveness of the healthcare delivery system, including establishing new process workflows to ensure that providers and patients remain engaged with healthcare information and technology (Furukawa et al, 2014).  
Finally, consumer engagement is important to care transformation.  “Improved access to personal health information can enable consumers to consult with providers and take actions to improve their health that are consistent with their needs and values” (Gold & McLaughlin, 2016).  In order to have a patient‐centered health care system, goals should include increasing self‐care management and prevention (Gold & McLaughlin, 2016).  In addition, in order for these goals to be achieved, there needs to be a shift in patients’ and providers’ attitudes towards a less hierarchical to a more collaborative patient-provider partnership which enables utilizing health IT to its potential (Gold & McLaughlin, 2016).
Cost Factors


The cost-effectiveness of DPP-based lifestyle interventions has been identified in multiple studies (Grock et al., 2017).  Herman et al., identified “that lifestyle interventions cost $12,878 per quality-adjusted life year (QALY) gained and concluded that from the healthcare system perspective, lifestyle interventions were cost-effective” (Grock et al., 2017, p. 107).  However, there were limited studies which examined technology-assisted DPP interventions for cost-effectiveness (Grock et al., 2017).  Therefore, more research is indicated.

Currently, HFMH FCNN DPP program is grant-funded; however, funds will be exhausted in September 2018 unless additional grant-funding is available.  The average cost to support DPP participant’s at HFMH FCNN is $470.  Considering the increased enrollment into HFMH’s DPP, it is imperative to identify the cost-effectiveness of HFMH’s DPP to identify if this project is feasible.  To determine feasibility, the AMA developed a DPP Cost-Savings Calculator to estimate the return on investment (ROI) among DPP participants 18-64 years of age.  After entering HFHS’s total patient population size, prediabetes prevalence data, cost of the program per participant, anticipated enrollment and anticipated completion in the DPP,the potential three-year net savings is $5,605,918 on the upper end.  
Grock et al., (2017), suggests that CMS new ruling to support Medicare beneficiaries is expected to reduce healthcare expenditures, reduce inpatient and emergency admissions, and increase revenue for DPP.  By implementing the Medicare Diabetes Prevention Program (MDPP) expanded model can bring HFMH a potential revenue of $670 per participant enrolled in the MDPP.  Based on a Medicare sample of 3,000 patients, this could potentially increase revenue by $2,010,000 in two years (CMS, 2018).

DPP interventions are widely available and thus may help decrease the economic and medical burden from complications of diabetes.  In addition, studies suggest some variability in their findings related to weight loss interventions and technology-assisted DPP; however, it does appear that both may provide an effective and cost-efficient solution to prevent type 2 diabetes. (Grock et al., 2017).  Even though, further research should be conducted to determine which combination of intervention(s) would be more helpful and/or successful, health care providers and health systems should consider technology-assisted weight loss and DPP interventions to support patients at risk for type 2 diabetes.  This would include utilizing the patient portal to access the patient’s readiness to change, educate the patient on their chronic condition(s), utilize mobile app technology to support self-management goal planning and support, and to provide feedback to encourage the patient to sustain their healthy life-style behavioral changes or help address barriers that are affecting reaching their goals.
Project Purpose

For this proposal, the researcher selected two mobile apps that will incur no cost to the participant for use.  Research will be conducted to assess the impact of mobile app technology to support participants in the DPP.  This would include the usability of each mobile app and the effects of use on participant engagement and satisfaction, which will be assessed by utilizing an adapted version of the System Usability Scale (SUS).  Outcome data would include review of pre- and post- blood pressures, weight loss/gain, and BMI.  By following the outcomes of the participants in the DPP maintenance phase researchers will be able to track disease prevention and/or the length of time to disease progression to T2DM, if applicable.  
Method/Design/Implementation Plan
Theoretical Frameworks
There are several theories or frameworks that are appropriate to guide this project proposal. TheTranstheoretical Model of Stages of Change (TTM) was utilized because it is imperative to assess the participant’s readiness to change in order to identify which “stages of change” the participant is in prior to referring the participant to the DPP; i.e., pre-contemplation, contemplation, preparation, action, and maintenance (Kavulish, Mindrila, & Brandenburg, 2016). The participant’s readiness to change was assessed at baseline, prior to referring them to the DPP, and periodically to ensure that the appropriate interventions were provided to support the participants’engagement and commitment through each stages of change.  For example, during the pre-pilot phase readiness to change was assessed for new participants enrolling into the DPP, and information provided regarding participation in the pilot study. Next, providers were educated on the Health Promotion Model and Motivation Interviewing and the importance of setting specific patient-centered goals.The providers and lifestyle-behavioral coaches were educated on the features of the patient portal, mobile app technology, questionnaire tools, and MyChart Flowsheets that are available to them for chronic care management.  In addition, education was provided to the providers and life-style behavioral coaches on the importance of providing appropriate and timely feedback to keep patients motivated, engaged, and sustained within the DPP program.

The last theoretical framework that was utilized to help design this project was the Empowerment Informatics Framework.  “This framework identifies key relationships among self-management (patient behaviors), health force (patient characteristics), and patient-defined goals” (Knight & Shea, 2013).  Utilizing this framework may help guide the researcher in designing the interventions, evaluating the data, and supporting the ethical use of technology for self-management support (Knight & Shea, 2013).  In addition, this framework guided the researcher’s evaluation on interventions; such as, motivation and provider feedback, and setting patient-centered goals in order to identify whether these interventions helped to support and motivate patients; as well as, keep them engaged.

Description of Plan
After educating the other researchers regarding the theoretically concepts of the project, the primary investigator conducting this project provided information regarding the protocol for the study, the required documentation,collection and storage of data. Participants voluntarily enrolled from existing DPP classes.  A comparison on the usability of two mobile applications was explored during the study; as well as participant engagement and satisfaction with using the mobile app compared to pen and paper documentation. Informed consent was discussed during the contemplation stage, and education was provided on mobile app use and expectations.  The researcher utilized an adapted System Usability Scale (SUS) survey questionnaire based on a 5-point Likert scale to assess usability. This survey tool included the collection of demographic information, health history data, and contain both open-ended and closed-endedquestions to gain further insight about the participant.  The participants were advised that by downloading the mobile app technology, completing, and submitting the adapted System Usability (SUS) survey this was considered implied consent from the participant and thus the participant was enrolled into the study.  However, participants were able to withdraw from using the mobile app at any time in the study and return to using pen and paper for documentation.  
The project survey questionnaire was developed and adapted from an existing validated tool.  The SUS survey questionnaire and demographic data were utilized to assess and answer the studies PICO questions and to identify additional interventions needed to address any barriers to success.  This tool consists of 40 questions:  fourteenscale-rated, five open-ended, sixclose-ended, and fifteen multiple-choice. This questionnaire should take approximately 30 minutes to complete.  As stated previously, participants were asked to voluntarily complete demographic and biological data; as well as, additional questions on the SUS tool.  Demographic data consisted of age, gender, marital status and whether the participant felt that he or she has an effective support system at home or work to achieve goals, educational level achieved, employment status, income level, race/ethnicity, zip-code of geographical area of residence, insurance payor, health literacy, language preferred, and preferred method of communicating with the primary investigator and/or DPP lifestyle coach (email, phone, in-person).  Other questions in this tool included whether the participant has access to technology (android phone, computer, tablet) and their knowledge and/or comfort levels with using mobile app technology.  Biological clinical data included current blood pressure, A1c level (if known), weight, and height.  Using a survey questionnaire allowed the researcher to gather data and information to assess both provider andparticipant satisfaction and usability of the introduced mobile app technology compared to pen and paper. In addition, information gathered was useful in determining barriers leading to program success. 
Method/Design
The design of the proposal is a quasi-experimental comparative effectiveness study to measure the user’s interaction with two mobile app technologies that utilize smartphoto food journaling and its associated functions.  Prior to testing the mobile app for usability, the DPP staff and participants were educated on the use of the mobile app technologies being introduced.  For comparison, participants utilized two mobile app technologies separately: Bitesnap® and Map4Health®.  Both mobile apps allowed the participant to use the camera on their phone to create a snapshot of what was consumed during each meal and allowed the DPP coach to provide a breakdown of the macronutrients and calories that were eaten by the participant.  In addition, the research staff assessed any other features built within the mobile app; such as, tracking physical activity, and setting goals and reminders.  The researchers also assessed patient engagement and satisfaction with each mobile app being tested by having the participants answer the survey questionnaire after using each mobile app for at least two weeks.  
This study included both a quantitative and qualitative clinical-inquiry approach.This proposal is phase 1 of a larger institutional study around the use of mobile apps in an online DPP. The focus of this DNP project was to answer the PICO questions and assist in the development of an institutionally designed mobile app.  Inclusion criteria were newly diagnosed adults with prediabetes, 18 years of age and older.  Exclusion criteria were participants that do not have access to iPhone, android device, tablet, or computer to be able to use mobile app technology; as well as; patients who were pregnant and/or diagnosed with diabetes.  
Outcome Measures

The quantitative outcome measures included assessing biometrics; such as,body mass index (BMI), weight loss, physical activity, and Blood Pressure values. The qualitative outcome measures included assessing patient engagement, satisfaction, usability, efficiency, and effectiveness of the mobile app technology introduced during the pilot study.
Several approaches were utilized to collect and analyze the data.  First, demographic data was collected for comparison in variables and to address any barriers during the second phases of the project.  Both quantitative and qualitative data was collected following the implementation and use of each mobile app technology for at least a two-week time-period.  Finally, the researcher used the SUS survey tool to aggregate and analyze the data to compare usability, participant engagement, and satisfaction of the two mobile app technologies utilized; as well as, identify any barriers to implementation and success within the DPP.

Setting and Participant Sample

Henry Ford Health System (HFHS) is a not-for-profit corporation, and large healthcare system located in the Midwest region of the United States.  HFHS is comprised of multiple hospitals, medical centers, and one of the nation’s largest group practices, which includes more than 1,200 physicians practicing over 40 specialties.  At Henry Ford Macomb Hospital (HFMH), there are 11 Primary Care/Internal Medicine clinics which include two residency clinics, and Neighbor’s Caring for Neighbors Clinic for uninsured populations; as well as, our Faith Community Nursing Network (FCNN).  In addition, at HFMH there are also 17 specialty clinics (Obstetrics/Gynecology, Orthopedics, Plastic Surgery, Hematology/Oncology, Center’s for Weight Management, and Wound Care); as well as, four Urgent Care clinics and one Walk-in Clinic.

The setting for this project proposal included the participants referred from HFMH ambulatory clinic providers and enrolled in the HFMH Faith and Community Nursing Network (FCNN) Diabetes Prevention Program.  The pilot study was conducted over two weeks.  The first week the researchers assessed the usability of Bitesnap® mobile app and during the second week assessed the usability of Map4Health® mobile app.
Procedure and Ethical Considerations 
Ethical considerations included identifying the inclusion/exclusion criteria prior to collecting data and identifying the specific timeframe for conducting the pilot study.  In addition, the Principle Investigator ensured that CITI training was current for the research staff involved with the project prior to obtaining IRB approval from both HFHS and the University of Detroit Mercy.  The research maintained anonymity by using Survey Monkey to obtain de-identified survey questionnaires results.  For participants who have difficulty accessing Survey Monkey, a de-identified numbered paper survey was provided for use.  IRB approval was obtained prior to conducting research for any questionnaire that was utilized during each stage of this proposal.
Participation was voluntary and did not impact the participants current position or standing within the DPP.  If the participant found the use of mobile app difficult, re-education and support was given; however, at any time the participant could withdraw from the pilot study.To maintain privacy and protection of responses, the researcher and/or other designated individual distributing or collecting information did not interfere with the participant responses; however, for patients who are illiterate the surveyor could read the survey questionnaire and assist with entering responses only.
Intervention Plan/Data Collection Plan
The Phenomena of interest studied was, the effectiveness and usability of mobile app technology for the Diabetes Prevention Program (DPP).  For this quasi-experimental comparative effectiveness study, the TTM, Health Promotion Model, and the Empowerment Informatics framework will be used to guide the research study.  
The proposed DNP Project objectives were as follows:   The first objective was to examine the usability of each mobile app technology utilized to document the participants food intake and physical activity compared to pen and paper documentation. The second objective wass to examine whether the use of mobile app technology will help increase patient engagement and satisfaction.  The final objective was to explore how the use of mobile app technology for tracking food intake and physical activity effect patient outcomes; i.e., weight loss, BMI, and blood pressure specifically. 
Interventions included obtaining informed consent, educating DPP providers and participants on use of each mobile app use, and explaining what is expected of both during the study.  The primary investigator, along with the assistance of the DPP coach, provided each participant in the study instructions in answering the adapted SUS questionnaire electronically via SurveyMonkey or by written responses (if needed) to assess the usability of the mobile app technology as well as determine participant engagement and satisfaction.  Specific demographic and health history data were collected through completion of a questionnaire included in the adapted SUS tool utilized during the first assessment on the use of the mobile app.
During the first week of the study, the primary investigator introduced the Bitesnap® mobile app technology to the participants and assisted with downloading the mobile app to their android or iPhone device for use.  Each participant/provider was given instructions on technology use and notified of what was expected of them during each week.  It was expected that each participant record each meal and/or snack consumed by taking a photograph with their camera on their phone.  Participants emailed a list of their daily food intake, physical activity performed, BP (if applicable), and progress on their other goals to the DPP coach for review. The coach provided timely constructive feedback to assist the participant with making healthier lifestyle choices accordingly.  Typical responses occurred within 24 hours of receipt.  After using the mobile app technology for at least two weeks, a SUS survey questionnaire was completed by the participants to assess the usability of the first mobile app and determine participant engagement and satisfaction.  This same process was repeated during the third week to test the second mobile app technology called Map4Health®.  Finally, to validate users’ responses to the number of times the mobile apps were utilized by the participants to track food and physical actively, reports were generated by the data analyst from the Faith Community Nursing Network documentation and reporting system.
Tools

Deidentified demographic data was collected to identify any correlation between the responses of the participants and usability of each mobile app technology utilized.The adapted SUS survey questionnaire tool was utilized to assess the usability of the two mobile apps, participant engagement and satisfaction of the implemented tools to support the DPP participants compared to manual documentation; as well as, barriers in use.
Statistical Data Analysis   
The research team along with the data analyst evaluated and coded the responses by inductive/deductive coding to identify emergent themes which is a standardized method to evaluate qualitative data and to ensure inter-rater reliability.  In addition, quantitative data from the SUS questionnaire was utilized to assess and compare responses related to usability, engagement, and satisfaction for each mobile app technology introduced.
Demographic data was collected and correlated with the findings to identify self-management support that is needed to address any barriers in order to promote wellness and disease prevention.  Frequency distributions were used to provide a description of the convenience sample such as age, gender, marital status and whether the participant feels that he/she has an effective support system at home or work to achieve goals, educational level achieved, employment status, income level, race/ethnicity, zip-code of geographical area of residence, insurance payor, health literacy, language preferred, and preferred method of communicating with the primary investigator and/or DPP lifestyle coach (email, phone, in-person).  Other data evaluated include whether the participant had access to technology (android phone, computer, tablet) and their knowledge and/or comfort levels with using apps.  The participant’s “readiness to change”  using a “Readiness to Change” questionnaire tool which is utilized by the DPP coaches as part of the DPP program; however, its use will not be evaluated in this proposal.  
Baseline physiological data was collected and evaluated for each participant prior to their first DPP session and use of technology.  Physiological data such as height, weight, BMI, A1c or fasting blood sugar and blood pressure reading must be current and obtained within the past year.  This data was used as a baseline which helped the researcher evaluate the success of implementing mobile app technology to support the DPP.

Workbench EMR reports were generated to track the number of unique patients screened at risk for developing type 2 diabetes; the number of unique patients identified for prediabetes management; number of unique patients electronically referred to the DPP; the unique number of providers electronically referring to the DPP; number of class sessions attended per unique patient and quantitative clinical data pre- and post- implementation.
Results


Due to COVID-19 restrictions, in-class sessions were cancelled and converted to a virtual class format.  As a result, there were limited participants available to test the usability of the mobile app, provide a comparison of the two mobile apps, or address anthropometric outcomes.  Therefore, the first PICO question is answered through evaluation of the Map4Health® mobile app technology for usability, participant engagement, and satisfaction using a modified SUS tool for quantitative and qualitative analysis.

During this time-frame, there were two virtual class offerings.  Four participants consented to use of the mobile app; however, only two participants responded via SurveyMonkey at the completion of the pilot project.  Due to the limited number of responses, these findings cannot be generalized to other settings.  However, these findings helped to identify strengths and weaknesses of the DNP project, which will allow for future clinical endeavors centered around the development and implementation of a health system specific mobile, health application.The analysis consisted of utilizing a modified System Usability Score which yielded a single number for each item accessed, which represented a composite measure of the overall usability of the mobile app.  Additional questions were included to assess user engagement, satisfaction, goals, and demographic information.
Usability


The PI utlized the modified SUS tool to score the two responses.  The first participant rated an overall value system usability score of 25 and the second had a score of 57.5 (See Table 1 and 2).  According to Brooke (1996), "SUS yields a single number representing a composite measure of the overall usability of the system being studied.  Note that scores for individual items are not meaningful on their own."   The best way to interpret the results is to normalize the scores.  Scoring at the mean score of 68 is considered a C and anything below a 51 is an F (placing the usability of the product into the bottom 15%).  Finally, to score in the top 10%, the score would need to be above 80.3.  This is when the user would typically recommend a product (Sauro, 2011). 
Table 1.
	Participant 1
	
	
	

	System Usability Scale (SUS)- Usability Score
	 
	 
	 

	Question
	Answer
	Calculate SUS Score
	SUS Score

	1
	2
	2-1=
	1

	2
	2
	5-2=
	3

	3
	2
	2-1=
	1

	4
	5
	5-5=
	0

	5
	1
	1-1=
	0

	6
	2
	5-2=
	3

	7
	2
	2-1=
	1

	8
	5
	5-5=
	0

	9
	1
	1-1=
	0

	10
	4
	5-4=
	1

	 
	 
	Total Sum of SUS Score=
	10

	
	
	Overall Value System Usability Score =
	25


Table 2.
	Participant  2
	
	
	

	System Usability Scale (SUS)- Usability Score
	 
	 
	 

	Question
	Answer
	Calculate SUS Score
	SUS Score

	1
	3
	3-1=
	2

	2
	3
	5-3=
	2

	3
	4
	4-1=
	3

	4
	3
	5-3=
	2

	5
	3
	3-1=
	2

	6
	5
	5-5=
	0

	7
	4
	4-1=
	3

	8
	2
	5-2=
	3

	9
	3
	3-1=
	2

	10
	1
	5-1=
	4

	 
	 
	Total Sum of SUS Score=
	23

	
	
	Overall Value System Usability Score =
	57.5


[image: image1.emf]*Overall Value System Usabiliiity Score= Total Sum of SUS Score x 2.5

*SUS Scores have a range from 0 to 100


Usability- Challenges with Using Mobile App


There were several challenges identified using the mobile app.   Both participants suggested that the mobile app was more beneficial to the DPP coaches than for their own personal use.  The users were able to share data securely through the mobile app; such as personalized goals and food diary, however, the mobile app was not able to identify the food item through photo imaging or calculate the total calories, fat, protein, or sodium consumed during each meal.  While participants were able to take a photo and upload their plate of food consumed during each meal, they were required to free-text their total calories, protein, fat and sodium consumed.  

In addition to the above meal logging challenges, users were unable to access “duplicate” meals or readily make edits to their meal choices (leftovers or frequent meal choices) without having to retake a photo of their plate and reentering the macronutrients.  Therefore, the user felt that they were not saving time by using the mobile app and suggested that the mobile app was less convenient to use and similar to logging a food diary via pen and paper. 


There were additional challenges related to the specific features of the mobile app.  One 

respondent had difficulty with adding new goals and suggested that the mobile app needed to 

utilize other means to track physical activity other than minutes (time spent).  The users were 
able to document weight loss or gain, and blood pressure readings, however, the users were not 
able to document their height to track BMI changes or their individual pulse rate readings 
during exercise to identify calories consumed.  Another feature which was not included within 
the mobile app was the ability to document physical measurements such as, waist circumference.

Finally, there were technical issues related to the mobile app usage.  Frequent downtime of the mobile app prevented one participant from logging data such as, meals, weight, or blood pressure readings. Subsequently, the participant had to log data with pen and paper until the application was available.
Engagement 

Engagement responses were mixed on the use of the mobile app.  One participant found that use of the mobile app helped to support documentation of meals and dietary needs.  This participant used the mobile app three to five times per day.  However, the second participant, strongly disagreed that the use of the mobile app as a food tracker allowed them to keep up with meal documentation as compared to pen and paper.  As a result, the participant only used the mobile app less than three times per day.
In regard to photo food journaling, the first participant “neither agreed or disagreed” that taking a photo and sending a food tracker diary to the DPP coach to review and provide feedback helped them to stay on track on achieving their goals.  Whereas the second participant “disagreed” to the same.
Satisfaction


To evaluate satisfaction, the PI performed a qualitative analysis based on coding the responses on the survey questionnaire.  The first respondent “strongly disagreed” that the use of the mobile app as their food tracker met their expectations; as well as,“strongly disagreed” that they would recommend the use of the mobile app to others.  Whereas, the second respondent “disagreed” that the use of the mobile app as their food tracker met their expectations”  as well as “neither agreed or diagreed” to recommend the use of the mobile app to others. 
Goals

Both respondents had similar goals of utilizing the mobile app.  The goals included to help them reduce weight, increase their level of physical activity, and maintain a healthier lifestyle.  The challenges with meeting their goals include temptations, changing their actual eating habits to eat healthy, participating in physical activity regularly, accepting setbacks when not losing weight, and changing actual eating habits to eat healthier, especially when other family members eat unhealthy snacks that are tempting to eat as well.
Demographic Information

Both respondents were married and stated their spouse acted as their support system. The ratio of female to male was 1:1.  The male respondent was retired and was in his seventees  whereas the female respondent was unemployed and in her sixtees.  Both respondents completed college and one had completed graduate school.   Both were white/Caucasian, non-hispanic, and spoke English as their Primary and preferred language.  The geographic location and insurance payer varied.  The female respondent lived in a rural area and had commercial insurance; whereas the male respondent lived in a rural area and had Medicare insurance. 
Mobile App technology Knowledge/Skill

In comparing the participants use of mobile app technology, the PI assessed their current knowledge and skill level.  The first participant rated their knowledge and skill level as “high” with software experience and utilized an android phone, computer, and tablet for testing the mobile app.  Whereas, the participant’s skill level and knowledge of technology was “limited” and utilized their i-phone and computer for testing the mobile app.  This respondent stated on the use of technology “if it is easy, them I’m okay”.  Even though the first participant rated their skill level high, he had more difficulty than the second participant who rated their skill level as limited.
Discussion and Recommendations
Based on the results of this pilot project, further research is needed to identify a mobile app suitable for the DPP.  Future research should include pre- and post- testing of different brands of mobile apps in order to identify features that are more beneficial to the user.  
When selecting mobile applications for use, there were key features that were recommended by the participants for future testing.  These include being HIPAA compliant, user-friendly with photo recognition software for meal entry and blue-tooth capabilities for physical activity tracking.  Other features that were suggested include:
· Help feature with user manual guide for both android and i-Phone users to support the user through the various features of the mobile app

· User-friendly dashboard to quickly add, meals, weight, goals which allow for easier editing of goals or adding targets to reach

· Intuitive photo-food journaling so that documentation of macronutrients is automatic while allowing functions for editing, updating, or duplicating meal entries

· Self-management support and evidence-base guidelines to include specific metrics to track for various diagnoses; i.e., for HTN and Prediabetes include BP readings , pulse rate, weight, and A1c

· Food catalog or index that is searchable in order to add specific food items and macronutrients for tracking

· Blue Tooth capabilities-to include use of various fitness trackers, weight scales, and BP home devices; i.e., FitBit, Apple Watch, welch Allyn, Omron, etc

· Calories Burned Calculator to track physical activity by level of exertion and the number of calories burned off during exercise

· Secured connection between patient and DPP coach to provide constructive feedback, and support

· Secured link to upload documents and recipes to support feedback and communication between DPP Coach and patient
· Information Technology (I.T.) support for Users when Mobile App fails to download

Lessons Learned

There were many lessons learned and key strategies that will be used when continuing this project.  First, implementing and testing mobile app technology was very challenging during the pandemic due to in-class restrictions.  During this time, the researcher needed to be able to adapt to changes from in-class format to virtual learning.  However, as an advanced practicing nurse, one must understand the needs of the learner and understand that virtual learning is not for everyone.  If possible, it is important to have alternative options or methods for participation.  For example, having both virtual and in-person classes are a good strategy because you are giving participants the option for learning based on their preferred method of communication and skill-level on use of technology.  

Next, the advanced practice nurse and DPP lifestyle coach needs to assess the user’s engagement and readiness to change to use of new technology, especially if the user is comfortable with using another mobile app.  It is imperative to continue to monitor and assess the use of the mobile app regularly to identify any challenges and issues early in the process so that the advanced practice nurse and DPP lifestyle coach can provide support when needed.  This will help to guide the care team toward implementing other strategies that will support the needs of the participants.  Finally, by providing constructive feedback regularly on eating behaviors may help to keep the participant on track, engaged, and committed to the DPP.  
In the future, using a multidisciplinary team approach when choosing the next mobile app for use may help with integrating the mobile app process, and to address issues when testing.  In addition, utilizing a focus group consisting of certified diabetes educators, I.T., nurses, physicians, DPP coaches, and patients to review and test various mobile apps and features prior to testing on a DPP cohort may be beneficial with identifying an appropriate app to use for the DPP.  In conclusion, by providing user-friendly mobile app tools that support the participant’s goals can ultimately reduce the user’s time tracking meals, physical activity, weight, blood pressure, and laboratory values, which may help the user meet their goals of weight loss and help reduce their risk of type 2 diabetes.  

Nursing Implications

Due to the pandemic, implementing technology was essential to providing health care to diverse populations in various geographical areas.  As a DNP student or advanced practicing nurse, one needs to adapt to health care challenges and strive to identify ways to incorporate research into evidence-based practice.  I agree with Knight and Shea, “Many nurses support patients who are living with chronic conditions and as pressures related to cost and access to care increase, technology-enabled self-management interventions will become increasingly common.  Using the patient-focused Empowerment Framework can help guide nursing practice using technology that prioritizes the patients needs” (Knight & Shea, 2014).  If this study was fully implemented, by providing a choice of learning mode (virtual/in-person) and with an adequate sample size, the data gathered may be useful in determining the impact of mobile app use on patients with prediabetes and other chronic diseases and the benefits of mobile apps in supporting self-care management to improve health outcomes.  Finally, considering sustainability and dissemination, it is important to share the knowledge gained from this study by submitting abstracts for conferences and possible publications; as well as, sharing findings with other organizations that are interested in mobile app technology to identify best-practices for use of new technology.
References

Bian, R. R., Piatt, G. A., Sen, A., Plegue, M. A., Michele, M. L., Hafez, D., . . . Richardson, C.      

R. (2017). The effect of technology-mediated diabetes prevention interventions on weight: A meta-analysis. Journal of Medical Internet Research,19(3). doi:10.2196/jmir.4709

Block, G., Azar, K. M., Romanelli, R. J., Block, T. J., Hopkins, D., Carpenter, H. A., . . . Block, 
C. H. (2015). Diabetes prevention and weight loss with a fully automated behavioral intervention by email, web, and mobile phone: A randomized controlled trial among persons with prediabetes. Journal of Medical Internet Research,17(10). doi:10.2196/jmir.4897
Brooke, J., (1996).  SUS: a 'quick and dirty' usability scale.  Usability Evaluation in Industry. 

189-194.
CDC (Centers for Disease Control & Prevention). (2014).  National diabetes statistics report, 

2014.  Retrieved from https://www.cdc.gov/diabetes/pubs/statsreport14/national-

diabetes-report-web.pdf

CDC (Centers for Disease Control & Prevention). (2016). National diabetes prevention program: 

What is the national DPP? Retrieved from https://www.cdc.gov/diabetes/prevention/   

about/index.html

CDC (Centers for Disease Control & Prevention). (2018).  Diagnosed diabetes.  Retrieved from 

http://gis.cdc.gov/grasp/diabetes/DiabetesAtlas.html

CMS (Centers for Medicare & Medicaid Services).  (2018).  Medicare diabetes prevention      

program (MDPP) expanded model.  Retrieved from https://innovation.cms.gov/initiatives/ medicare-diabetes-prevention-program/ 
Cha, E., Kim, K. H., Umpierrez, G., Dawkins, C. R., Bello, M. K., Lerner, H. M., . . . Dunbar, S. 

B. (2014). A feasibility study to develop a diabetes prevention program for young adults with prediabetes by using digital platforms and a handheld device. The Diabetes Educator,40(5), 626-637. doi:10.1177/0145721714539736

Dutton, G. R., Johnson, J., Whitehead, D., Bodenlos, J. S., & Brantley, P. J. (2005). Barriers to 
physical activity among predominantly low-income African- American patients with type 2 diabetes. Diabetes Care,28(5), 1209-1210. doi:10.2337/diacare.28.5.1209

Fukuoka, Y., Gay, C. L., Joiner, K. L., & Vittinghoff, E. (2015). A novel diabetes prevention 

intervention using a mobile app. American Journal of Preventive Medicine,49(2), 223-237. doi:10.1016/j.amepre.2015.01.003
Furukawa, M. F., King, J., Patel, V., Hsiao, C., Adler-Milstein, J., & Jha, A. K. (2014).

Despite substantial progress in EHR adoption, health information exchange and patient engagement remain low in office settings. Health Affairs,33(9), 1672-1679. doi:10.1377/hlthaff.2014.0445

Gold, M., & McLaughlin, C. (2016). Assessing HITECH Implementation and Lessons: 5 Years 

Later. Milbank Quarterly, 94(3), 654–687. http://doi.org/10.1111/1468-0009.12214 

Grock, S., Ku, J., Kim, J., & Moin, T. (2017). A review of technology-assisted 


interventions for diabetes prevention. Current Diabetes Reports,17(11). 



doi:10.1007/s11892-017-0948-2 

HFHS. (Henry Ford Health System). (2017).  Quality metrics and data.  Retrieved from Henry 

Ford Health System intranet.

HFHS. (Henry Ford Health System). (2018).  Quality metrics and data.  Retrieved from Henry 

Ford Health System intranet.

HFHS. (Henry Ford Health System). (2018).  Henry Ford Health System information.  Retrieved 

          from Henry Ford Health System intranet.

HFMH. (Henry Ford Macomb Hospital). (2017).  DPP Lifestyle Coach/Patient Survey.

HFMH. (Henry Ford Macomb Hospital). (2016).  Community health needs assessment (CHNA):  

Called to care project.
HIMSS. (2014). The State of Patient Engagement and Health IT. Chicago. Retrieved from 

http://www.himss.org/state-patient-engagement-health-it?ItemNumber=32950
Manuscript, A. (2010). NIH Public Access, 2(1), 1–10.

HIMSS. (2015). Patient Engagement: What is patient engagement? Retrieved from 

http://www.himss.org/library/patient-engagement-toolkit
Islam, N. S., Tandon, D., Mukherji, R., Tanner, M., Ghosh, K., Alam, G., . . . Trinh-Shevrin, C. 
(2012). Understanding Barriers to and Facilitators of Diabetes Control and Prevention in 
the New York City Bangladeshi Community: A Mixed-Methods Approach. American 
Journal of Public Health,102(3), 486-490. doi:10.2105/ajph.2011.300381

Johnson, M., Everson-Hock, E., Jones, R., Woods, H. B., Payne, N., & Goyder, E. (2011). What 

are the barriers to primary prevention of type 2 diabetes in black and minority ethnic

groups in the UK? A qualitative evidence synthesis. Diabetes Research and Clinical 

Practice,93(2), 150-158. doi:10.1016/j.diabres.2011.06.004
Kawulich, B. B., Mindrila, D., & Brandenburg, G. (2016). Evaluation of a diabetes prevention  


program for rural citizens. Georgia Public Health Association,5(3), 240-249.

Kirley, K., & Williams, J. (2016).  Bending the diabetes curve at Henry Ford Macomb 

[PPTX Presentation].

Knight, E. P., & Shea, K. (2013). A Patient-Focused Framework Integrating Self-Management 

and Informatics. Journal of Nursing Scholarship,46(2), 91-97. doi:10.1111/jnu.12059

Meyer, M. R., Sharkey, J. R., Patterson, M. S., & Dean, W. R. (2013). Understanding contextual 
barriers, supports, and opportunities for physical activity among Mexican-origin children 
in Texas border colonias: A descriptive study. BMC Public Health,13(1), 1-15. 
doi:10.1186/1471-2458-13-14

Sarkar, U., Gourley, G. I., Lyles, C. R., Tieu, L., Clarity, C., Newmark, L., . . . Bates, D. W. 

(2016). Usability of commercially available mobile applications for diverse patients. 

Journal of General Internal Medicine,31(12), 1417-1426. doi:10.1007/s11606-016-

3771-6 
Sauro, J. (2011, February 3).  Measuring Usability with the System Usability Scale (SUS).  

Retrieved from https://measuringu.com/sus
Spitalnic, P. (2016, March 14).  Research statistics data and systems: Research Actuarial studies.  

Retrieved from https://www.cms.gov/Research-Statistics-Data-and- Systems/Research/ ActuarialStudies/Downloads/Diabetes-Prevention-Certification-2016-03-14.pdf

Verma, S. (2018, April 30). CMS encourages eligible suppliers to participate in expanded 

Medicare Diabetes Prevention Program model.  Retrieved from https://www.cms.gov/ 

blog/cms-encourages-eligible-suppliers-participate-expanded-medicare-diabetes prevention-program-model

Vigersky, R. A. (2015). The benefits, limitations, and cost-effectiveness of advanced 
technologies in the management of patients with diabetes mellitus. Journal of Diabetes Science and Technology,9(2), 320-330. doi:10.1177/1932296814565661

Appendix A
Survey Questionnaire on Mobile App Usability

*(Modified from The System Usability Scale (SUS), © Digital Equipment Corporation, 1986). 

CODING KEY FOR EVALUATION

Name of Mobile app used by the participant: _______________________________________
1. I think that I would like to use this mobile app every day to report the food that I ate during each of my meals or snacks? ENGAGEMENT
Strongly Disagree





                     Strongly Agree

	1
	2
	3
	4
	5


2. I found the mobile app very difficult to use.  USABILITY
Strongly Disagree





                     Strongly Agree

	1
	2
	3
	4
	5


3. I thought the mobile app was easy to use.  USABILITY
Strongly Disagree





                     Strongly Agree

	1
	2
	3
	4
	5


4. I needed the support of the Diabetes Prevention Program (DPP) coach to be able to use the mobile app.  USABILITY
Strongly Disagree





                     Strongly Agree

	1
	2
	3
	4
	5


5. I found the various functions in the mobile app were user-friendly and easy-to-access. USABILITY
Strongly Disagree





                     Strongly Agree

	1
	2
	3
	4
	5


6. I thought there were too many steps to report my food intake when using this mobile app. USABILITY
Strongly Disagree





                     Strongly Agree

	1
	2
	3
	4
	5


7. I imagine that most people would learn to use this mobile app very quickly.  USABILITY
Strongly Disagree





                     Strongly Agree

	1
	2
	3
	4
	5


8. I found the mobile app very awkward to use. SATISFACTION
Strongly Disagree





                     Strongly Agree

	1
	2
	3
	4
	5


9. I felt very confident using themobile app. SATISFACTION
Strongly Disagree





                     Strongly Agree

	1
	2
	3
	4
	5


10. I needed to learn a lot of things before I could get going with mobile app. USABILITY
Strongly Disagree





                     Strongly Agree

	1
	2
	3
	4
	5


11. The use of the mobile app as my food tracker met my expectations.  SATISFACTION
Strongly Disagree





                     Strongly Agree

	1
	2
	3
	4
	5


12. Using the mobile app as my food tracker allowed me to keep up with the goals of documenting what I ate during each meal instead of using pen and paper.  ENGAGEMENT
Strongly Disagree





                     Strongly Agree

	1
	2
	3
	4
	5


13. Taking a photo and sending my food tracker diary to the DPP coach to review and provide regular feedback regarding my eating behaviors helped to keep me on track so that I could achieve my goals. ENGAGEMENT
Strongly Disagree





                     Strongly Agree

	1
	2
	3
	4
	5


14. I would recommend the use of the mobile app to others.  SATISFACTION
Strongly Disagree





                     Strongly Agree

	1
	2
	3
	4
	5


15. What ways can the mobile app be improved? USABILITY ______________________________________________________________________________________________________________________________________________________

16. What problems or difficulties did you have with using the mobile app? USABILITY
      ___________________________________________________________________________

      ___________________________________________________________________________

17. Did the use of the mobile app help you to meet your personal goals?   (If so, please check all that apply).  ENGAGEMENT
· Weight loss

· Healthier lifestyle

· Changes in eating habits to healthy eating habits

· Increased level of physical activity

· Increase motivation with achieving my goals

· Other:  ______________________________________________________________

18. Please answer this question based on the average number of times that you feel you used the mobile app each day to record what you ate. ENGAGEMENT
I used this mobile app to record food eaten (Please check only one).

· Less than 3 times per day

· 1- 3 times per day

· 3- 5 times per day

· More than 5 times per day

19. Please feel free to provide feedback on any strengths or weaknesses of the mobile app technology. USABILITY
___________________________________________________________________________

___________________________________________________________________________

20. What challenges did you have in working toward your goals of the Diabetes Prevention Program? (Please check all that apply). ENGAGEMENT
· Life issues (difficulties at home, no time because of work, etc.) 

· Unable to afford healthy food items (fruits, vegetables, etc.)

· Temptations



· Changing actual eating habits to eat healthy

· Physical activity

· Accepting setbacks

· Changing thinking

· Keeping up with food and activity tracker

· Portion control

· Not losing weight

· Feelings of sadness or depression

· Other (please explain) _____________________________________________________________________

Demographic data:

21. What is your age in years (please specify one)? ____________________________________

22.  What is your Gender?

· Male

· Female

· Prefer not to answer

23.  What is you Marital Status (please check only one)?

· Single

· Married

· Divorced

· Widow/Widower

24. Do you feel that you have an effective support system at home or work to achieve goals? 

  (If yes or no, please explain how you feel that you are or are not supported).

· Yes

· No

       Please explain_______________________________________________________________

25. What is the highest level of education you have completed (please check only one)?
· Did not attend school

· Elementary school

· Middle School/Junior High School

· Graduated from High School

· Attended some college

· Graduated from college

· Some graduate school

· Completed graduate school

26.   Employment status (employed full-time, part-time, or unemployed)?
· Unemployed

· Employed Part-Time

· Employed Full-Time

· Employed at two or more jobs?

· Retired

27.   What is your approximate average household income? 

· $0-$24,999
· $25,000- $49,999
· $50,000- $74,999
· $75,000- $99,999

· $100,000-$124,999

· $125,000- $149,999

· $150,000-$174,999

· Over $175,000

28.   Please specify type of health insurance you have?

· Medicare

· Medicaid 

· Medicare and Medicaid

· Other (please specify name of insurance) ___________________________________

· I do not have health insurance.

29. Which race best describes you? (Please choose only one.) 

· American Indian or Alaskan Native

· Asian

· Native Hawaiian or Other Pacific Islander

· Black or African American

· White or Caucasian

30.  What is your Ethnicity?

· Hispanic or Latino

· Not Hispanic or Latino

31.  What language is primarily spoken in your home?

· ​​​​​​​​​​​​​​​​Arabic

· Chinese

· English

· French

· German

· Italian

· Korean

· Russian

· Spanish

· Tagalog

· Vietnamese

· Other/multiple languages (please specify) __________________________________

32.  What is your preferred language for learning?

· Arabic

· Chinese

· English

· French

· German

· Italian

· Korean

· Russian

· Spanish

· Tagalog

· Vietnamese

· Other/multiple languages (please specify) __________________________________

33.  What is your preferred method of communicating with the primary research investigator

        and/or DPP Coach (you may choose more than one)?

· Email

· Phone

· In-person

· Other, please specify___________

34. What is the city and zip-code of your home residence (please specify)?        __________________________________________________________________________
Mobile App Technology Knowledge/Skill:

35. Please specify if you own the following technology (please select all  

  that apply)?

· i-Phone

· Android phone

· Computer

· Tablet (For example: iPad, Kindle Fire, or other tablet)

· I don’t own either; however, I have access to phone, tablet, or computer

· I don’t own any of the technology from your list 

36. What experience do you have with using mobile app technology (please comment)?

__________________________________________________________________________

37.  What is your comfort level with using mobile app technology (please comment)?

__________________________________________________________________________

Health Information

38.  What is your current weight in pounds?  _________________________________________

39.  What is your current blood pressure, (if known)? __________________________________

40.  What is your latest A1c level or fasting blood sugar (if known)? _____________________
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