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Abstract
Type 2 diabetes is an alarming statistic in chronic disease states in the United States and elsewhere.  Prior to a full diagnosis, many Americans are faced with the news that they are prediabetic.  This should be an opportunity for both the patient and the healthcare provider for reversing the course of the disease.  Lifestyle interventions have been proven to be effective in the delay if not the prevention of Type 2 diabetes.  This study compares the DPP curriculum in online format with the online format plus mobile diet and physical activity trackers with the mobile applications alone.   The participants will be assessed by body mass index (BMI) as well as HbA1c and finally by percent completion.  The objective clinical measures will be used to determine the effectiveness of the intervention; the completion percentage will be a consideration for the design of future studies.
 



Introduction
	Diabetes is a chronic disease characterized by high glucose (sugar) in the blood, which can lead to an early death.  Additionally, diabetics deal with vision loss, kidney failure, foot ulcers leading to amputations, and a daily medical regime which can be burdensome and costly.  The incidence of diabetes is on the rise and has become a major public health concern worldwide.  Type 2 diabetes is preceded by a condition known as prediabetes, and it is estimated that nearly a third of Americans would be currently classified as prediabetic (CDC, 2010).   Prediabetes has no clear symptoms, but reflects an impaired glucose tolerance and for the purpose of this study will be defined using a glycated hemoglobin blood test (HbA1c).  Many studies point to an American diet high in fat, low in fiber as well as a sedentary lifestyle as being a large contributor to this alarming statistic.  Lifestyle interventions have been proven effective in altering the course of this progression from prediabetes to a diagnosis of Type 2 diabetes requiring medication and rigorous medical surveillance.
	Counseling patients in healthy lifestyles is currently not a part of typical primary care practice, perhaps because it is not reimbursable by most insurance plans.   Additionally, lack of nutritional training in medical school and tight time restrictions during patient visits results in a gap in this fundamental lifestyle education which could prevent several chronic and prevalent diseases (McGlynn, 2003).  Once diabetes is diagnosed significant resources become available for counseling in order to prevent emergency room admissions (Sullivan, 2013).  A reasonable solution would be to extend counseling at additional expense to prevent or delay the onset of type 2 diabetes.
Small but meaningful changes in dietary choices coupled with working toward the goal of 150 minutes of physical activity each week has been demonstrated to be effective in preventing or at least delaying the onset of type 2 diabetes (Diabetes Prevention Program Research Group, 2002).  Coaching patients to make small, attainable and very specific weekly goals such as substituting skim milk for other types of milk can lower overall fat intake and result in better glucose control as well a slow and steady weight loss.  The key to lifestyle intervention success is making it attainable and lasting.
Literature Review
The progression from a prediabetic state toward type 2 diabetes is demonstrated in the Hoorn study in the Netherlands (de Vegt, 2001) as well as in the Baltimore Longitudinal Study of Aging (Meigs, 2003).  Patients with a high body mass index (BMI), a large portion of calories from fat, low dietary fiber and little weekly aerobic exercise are at risk for progressing to a full type 2 diabetes diagnoses and the need for daily medication in order to attain adequate glucose control.  These are also factors which put patients at risk for cardiovascular disease a comorbid condition with diabetes.
Studies in the homogeneous, highly literate populations of Finland, Diabetes Prevention Study (DPS), and the Netherlands, Study on Lifestyle intervention and Impaired glucose tolerance Maastrict (SLIM), demonstrated the ability of lifestyle interventions to delay the onset of diabetes in prediabetic adults (Lindström, 2003; Roumen, 2008).  The seminal study of this kind in the United States, The Diabetes Prevention Program (DPS) (Diabetes Prevention Program Research Group, 2002), also concluded that lifestyle intervention has a significant effect in decreasing the incidence of diabetes in prediabetic adults  This multi-centered, multi-arm, experimental clinical study with over 3000 participants of widely diverse ethnicity and ages, demonstrated that the lifestyle intervention was the most effective intervention achieving a 58% decrease in the incidences of type 2 diabetes; medication (metformin) achieved a 31% decreased incidence.  Results were even higher in adults over 60, demonstrating a 71% decreased incidence of the disease.
Key components of lifestyle interventions are:  clearly defined goals for weight loss and physical activity, tailored guidance for identifying and overcoming barriers to behavior change, and individual coaches to provide motivation and problem solving strategies (Diabetes Prevention Program Research Group, 2002; Glasgow, 2010; Lindström, 2003; Roumen, 2008).  McTigue and colleagues at the University of Pittsburg Diabetes Institute adapted the evidence based curriculum from the DPP to an online format and demonstrated its effective implementation in a pilot study of 50 primary care participants (McTigue, 2009).  Whereas the DPP had a coach to participant ratio of 1:40, the adaptation to an internet based delivery allowed a coach to participant ratio of 1:80.   By automating the delivery of basic information coaching resources become available to tailor feedback to participants and offer problem solving strategies to overcome barriers to behavior change.
Several studies present initial gains in clinical outcomes which eroded as later annual time points were collected (Lindström, 2003; Roumen, 2008).  The entrenched habits that led to the condition of prediabetes are one of the key barriers to long term behavior modification adherence.  These studies acknowledge that engaging interactive interventions must be created to limit the number of participants who drop out.   Intent to treat analysis was used in the three lifestyle studies discussed previously and identified similar trends in results, suggesting that even with the drop outs included in analysis; the intervention was efficacious.  The authors do, however, point to the dropout rates as an area for additional research, as adherence to the behavior modifications is necessary for ongoing prevention of progression to a full diagnosis of type 2 diabetes.
Biuso et al. (2007) explored varied behavioral management strategies in a developing a conceptual framework for lifestyle interventions targeting prediabetics.   He notes that chronic stress and depression further complicate and negatively influence compliance with recommendations from physicians.  The authors point to self-efficacy, referring to the belief that one can accomplish the change, as a major factor in ensuring success in behavior changes.  To that end, developing tools which increase self-efficacy will increase compliance, as well as perhaps motivate patients to adhere to lifestyle changes which lead to improved longer term, overall clinical outcomes.
A focus group study (Fukuoka, 2011) explored the applicability of several potential components of a mobile application in achieving lifestyle changes and understand motivators in health promotion mobile tools.  Six focus groups with a total of 35 prediabetic participants met and answered open ended questions concerning motivators for a healthy lifestyle and how mobile phones could be used by participants to achieve these goals.  Both users and nonusers of mobile phones were included in the study citing a previous study which concluded that nonusers of mobile phones were able to effectively make use of mobile applications (Fukuoka, 2010).  
The Fukuoka (2011) research reported the following four themes from the qualitative analysis:  (1) real time peer, social and professional support, (2) tailoring of timing, frequency, and content of messages in mobile phone programs, (3) combination of motivations, self-monitoring, and goal-setting, and (4) potential barriers and sustainability of mobile phone programs. (p. 288)
Fear of failing was identified as one barrier to change, the focus group participants offered ideas to minimize this barrier, suggesting nonjudgmental feedback messages and setting multiple goals for ensuring successes in some part of the overall plan.  Realistic goal setting acted as a conduit for motivation and participants suggested a diary of progress could be used to help assist patients in diet and exercise tracking.  Mobile phones also offer a unique way to integrate into the varied lifestyles of different patients, allowing an adaptable point of use tool for decision making.
The research supports evidence based DPP curriculum to educate patients on small but meaningful changes in lifestyle which result in delaying or preventing type 1 diabetes.  Further, delivering this information in an online format frees coaches to tailor specific problem solving messages for the patients and makes the interactions with the coaches more person.  Mobile applications for this study will guide patients with just in time dietary information as well as diet and exercise reminders and goal tracking tools.  Putting this point of use tool in the hands of patients will be evaluated to determine whether it can replace or enhance the effectiveness of the DPP online material.
Research Purpose, Questions, and Hypothesis
Reasearch Purpose
The purpose of this study is to determine if online and / or mobile application lifestyle interventions can be effective in guiding pre diabetic adults to make the behavior modifications necessary to delay the onset of type 2 diabetes.   Lifestyle intervention curriculum based on the DPP will be delivered online over a 16 week period with additional modules throughout the rest of the year.  Another arm of the study will also include point of use mobile applications to track goals and provide nutritional information.  A final arm will consist of only the mobile applications without the additional online curriculum.  Intervention coaches will be assigned to participants in a 1 to 80 ratio.    
Research Questions
 The following research questions are to be explored by this study:
· Does the combination of online education, backed up by mobile applications lead to better clinical outcomes?
· Can mobile applications replace online counseling in guiding pre diabetic patients on the necessary lifestyle changes?
· Do mobile tools provide additional benefits in helping patients to adhere to lifestyle changes which affect the onset of the disease?
Hypothesis
The hypothesis of the researchers is that point of use mobile applications augmenting lifestyle intervention curriculum delivered online will lead to better clinical outcomes.    Over time, it is hypothesized that these mobile applications will also help patients adhere to the lifestyle changes and maintain gains in health.
Method 
Research Design
	The design of this study is quantitative experimental and it will compare specific clinical outcomes of three separate lifestyle interventions over the course of a year.   Participants will be randomized between the three treatment groups and baseline clinical data will be collected.  Additionally, the participants will visit the clinic at 3 months, 6 months and at one year.
Participants and Selection Method
		Participants will be referred for participation in this study via primary care practices from a pool of prediabetic adults who are at risk of developing diabetes due to high body mass index (BMI), lack of weekly physical activity, and signs of insulin resistance.
Participants must meet the following inclusion criteria:
· Body Mass Index (BMI) > 25 kg/m2   
· 6.5% < HbA1c (measure of glucose)  > 5.7%
· Not currently taking medication for glucose control, nor currently diagnosed as diabetic
· Healthy enough and willing to engage in moderate to intense physical activity
· Health literacy instrument by Chew et al
Setting
The goal of this yearlong study is determine whether various delivery formats for lifestyle interventions are more effective in achieving the goal of reducing the participant’s BMI and HbA1c.  The intervention will be delivered via online and / or mobile applications and therefore will integrate into the participants’ daily life and take place at home or work or wherever is suitable for accessing the tools.  Goal tracking, daily food diaries, and physical activity logs will be self reported by the participant and entered into the online or mobile tools.  This data is used by the participants and coaches to guide and tailor the intervention but will not be analyzed as a part of this study.  At four points during the study, the participant will have a clinical visit in a primary care office participating in the study.  The objective measures of BMI and HbA1c will be collected at that time and entered in the clinical electronic medical record and these are the data which will be statistically analyzed in order to compare the treatment groups.
Instruments
	All clinical data will be entered into an electronic health record and collected into the clinical database for the study as outlined in the IRB submission and in accordance with regulations regarding human research trials.  Health literacy will be screened using the tool developed by Chew et al. in order to assure that participants have enough fluency in the language used in the curriculum to gain knowledge from it.  Physical activity will be self-reported using goal tracking elements of the curriculum, but participants will be base lined for the study by the World Health Organization Physical Activity Questionnaire.
Research Design
Participants will be randomly assigned to one of the three treatment arms.  Their enrollment in the study begins with a clinical visit for baseline data on BMI, HbA1c (blood draw), physical activity and an orientation to the delivery technology for the intervention to which they were assigned (online, online + mobile, or mobile only).  Completion rate will be collected for each arm of the study as a measure of engagement.   Participants must complete at least 80% of the online materials or remain using the mobile applications at least weekly to be considered a completer.
Intervention
The participants in the online and online plus mobile will be interacting and learning from the DPP curriculum adapted by the University of Pittsburg for online delivery.     The online curriculum will deliver 16 modules covering topics such as diet choices, hidden sources of fat, how to overcome slip ups in dietary choices, how to make time for physical activity and how to get back on track when falling short of a goal.  Online interaction will take place between the participant and the coach, a trained professional in the curriculum.   Goal setting and tracking is part of the online application and will be reviewed by the coaches in order to tailor feedback and next steps for the participant.  A participant who does not log into the system for two consecutive weeks will first receive an email message, then a call from the coach.  If a month of inactivity continues then the participant will be considered inactive and will only be included in the intent to treat analysis.
The mobile applications used for this study will mimic My Meal Mate, an application designed for use in a study for the UK.  The application will be tailored to American terms and diets, but will function in the same way as a streamlined food diary.  Additionally, goal setting and physical activity reminders and tracking applications will be developed and deployed.   These tools will be available to the online + mobile users as well as the mobile only participants in the study.  The online +mobile users will track diet and exercises as well as monitor their progress towards goals with either tool—the online modules or the mobile applications.  
Validity and Reliability
 Internal validity concerns are centered on subject attrition; previous large longitudinal lifestyle intervention studies reported high dropout rates and suggested that further work be done to increase engagement.  These suggestions have been incorporated in this iteration of the online material, but it is still likely that attrition will be a concern.  As mentioned above, all participants who begin the study will be included in the intent to treat analysis.  Participants who complete at least 80% of the modules will be considered completers and included in analysis to determine statistical significance between groups.
Diffusion of treatment may be of concern with regard to mobile applications because of their ubiquity.  Participants who are in the online only arm of the experiment may seek out and access mobile applications designed to help with goal setting, physical activity, and diet tracking.  This may confound the online only group.  Therefore they will be instructed to only use the online modules and tools during the year long study.
Subject effect may be a small factor in the initial time points of the study, being a part of the study will likely have a motivating effect that may not reflect lifelong behavioral modifications.    Several studies have noted a drift away from initial positive gains at the three and five year follow ups.  The goal of this program is modify entrenched behaviors and therefore follow up visits with primary care physicians beyond the study completion should reiterate the goals and successes of the patients while participating in the study.
The strong evidence of success for the lifestyle intervention of the DPP informed the design of this study without a control group.  Preventing participants from receiving an intervention which would likely delay the onset of disease would not be ethical.   Without a control group, establishing statistical significance between treatment groups will require a large number of participants in order to establish adequate power.  Reliability and generalizability to the larger population should be very strong given the large number of participants reflecting   broadly diverse demographics.  
Proposed Analysis
[bookmark: _GoBack]Multivariate analysis of covariance (MANCOVA) will be used to evaluate the results as well as control for baseline differences in enrolled participants, ie gender, age, ethnicity.  Results are reported based on 95% confidence interval.   When MANCOVA was significant, ANCOVAs were conducted to identify the sources of differences.  All analysis will be conducted using statistical software, SPSS.
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