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Abstract
[bookmark: _Hlk37776140]The purpose of this project was to implement a screening process for prediabetes (PD) in a family practice clinic and assess provider barriers to screening as well as patient preferences for participation in diabetes prevention programs (DPP).  PD affects over a third of the U.S. population and most are unaware of their condition.  Screening high risk individuals for PD and referring to DPPs is recommended by several national organizations, however screening rates are low and DPPS are underutilized. Utilizing the Prevent Diabetes STAT toolkit, 230 patients were assessed with the CDC prediabetes risk test.  High risk patients were tested for PD with the fasting plasma glucose or A1C lab test.  Of the 230 patients, 59.6% screened high risk on the CDC risk test and 26.1% had positive lab test for PD or a documented diagnosis.  17.5% self-reported a positive PD status.  Almost half of those that screened high risk were tested with a lab test during the project period and 7.3% were not tested because of known positive PD status.  There were 34 missed opportunities for lab testing in high risk patients due to “no action taken” (15.3%), “insufficient time” (7.3%), or “patient declined testing” (2.2%).  A positive relationship was found between risk test score and FPG among those tested (P<0.001).  No patients were referred to a DPP despite over half of those surveyed expressing interest.  Potential barriers to participation included time constraints, location, and program cost.  Only 11.1% of patients surveyed knew that DPPs are covered by insurance.  Providers “Strongly Agreed” that screening for PD was important part of their practice and were “Neutral” for having insufficient time to address prediabetes.  Provider responses demonstrated improved understanding of CDC recognized DPPs.  Results support use of the CDC PD risk test in routine practice.  DPP location and lack of awareness of insurance coverage likely play a role in DPP underutilization.
Keywords:  prediabetes, prediabetes risk test, diabetes prevention program


Screening and Referral for Prediabetes in a Family Practice Clinic
Prediabetes is a condition defined by blood glucose levels that are higher than normal but lower than the threshold for diabetes (DM) diagnosis.  The American Diabetes Association (ADA) describes that prediabetes is not its own clinical entity but a state that increases one’s risk for developing DM and cardiovascular disease (ADA, 2019).  A1C values of 5.7%-6.4%, fasting plasma glucose of 100-125 mg/dl (5.6-6.9 mmol/L), or oral glucose tolerance test results of 140-199 mg/dl (7.8-11.0 mmol/L) are the criteria for prediabetes according to the ADA guidelines (ADA, 2019).
The Centers for Disease Control and Prevention (CDC) estimates that more than 84 million adults in the United States (U.S.) had prediabetes in 2015 (CDC, 2017).  This constitutes over a third of the adult population in the U.S., however only 11.6% are aware of their prediabetes status (CDC, 2017).  Approximately 5-10% of people with prediabetes will become diabetic each year and up to 79% of those with prediabetes will become diabetic at some point in their life (Tabák, Herder, Rathmann, Brunner, & Kivimäki, 2012).  In Iowa, 7.8% of adults report they were told they have prediabetes in 2014; however, many Iowans remain undiagnosed (Prediabetes in Iowa, 2018).   
Furthermore, the incidence of prediabetes and DM is increasing and is expected to continue to increase dramatically in the next 30 years. From the years 1999 to 2010, the incidence of prediabetes climbed from 29.2% to 36.2% in adults age 18 and older (Bullard et al., 2013).  In that same ten-year period, there was an increase from 9.5% to 17.8% of those 12 and older with an A1C of 5.7 (Bullard et al., 2013).  The number of new cases of diabetes in the U.S. is projected to nearly double from 2008-2050 and total diabetes prevalence in the population will increase from 14% in 2010 to 21% - 33% in 2050 (Boyle et al., 2010). 
Diabetes is the seventh leading causes of death in the U.S. (CDC, 2017).  Furthermore, when diabetes is listed as any cause of death on the death certificate, the crude death rate increases to 78.7 per 100,000 (CDC, 2017).  For those with diabetes in the U.S., the all-cause mortality rate is 1.8 times higher compared to those without diabetes (Healthy People 2020, n.d.). 
The prevalence of prediabetes and DM is projected to increase and so too will the conditions associated with DM.  Persons with diabetes have a 1.8-fold risk of suffering a myocardial infarction (Healthy People 2020, n.d.).  Diabetes is also the leading cause of kidney failure, adult-onset blindness and lower limb amputation in the U.S. (Healthy People 2020, n.d.).  Specifically, in 2011, over 200,000 people with diabetes and kidney failure experienced chronic dialysis or kidney transplant.  In patients with diabetes over 20 years old, 70,000 had lower limb amputations in 2010.  Furthermore, in patients with diabetes ages 40 and nearly a third (4.2 million) had diabetic retinopathy (CDC, 2014).  Similar risk exists with the presence of prediabetes.  In a meta-analysis, Huang, Cai, Mai, Li, & Hu (2016) reported that when compared to normal glycemic levels, those with prediabetes have in increased risk of cardiovascular disease, coronary artery disease, stroke and all-cause mortality, indicating that prediabetes is not a benign condition.
	The psychosocial issues associated with diabetes is equally concerning.  The Diabetes Attitudes, Wishes, and Needs second study (DAWN2) assessed psychosocial outcomes for persons with diabetes and demonstrated the negative impact of diabetes on quality of life and mental health.  Of the over 8500 participants, 44.6% reported diabetes-related distress, 13.8% reported signs of depression, and 12.2% reported a poor quality of life.  About 40% of the participants reported that their medications interfered with living a normal life.  In the same study, 20.5% of participants reported that diabetes had a negative impact on their relationships with their family or friends (Nicolucci et al., 2013).  In a related DAWN2 study assessing the experience of family members of persons with diabetes, over a third of family members perceived caring for their family member as a burden and over 60% reported high distress in regards to worry about hypoglycemia.  In addition, over half of these family members reported that caring for a family member with diabetes had a negative impact on their life, with emotional well-being the most significant (Kovacs Burn et al., 2013).  
Diabetes also poses an economic burden to the U.S. health care system and patients themselves.  Compared to those without diabetes, people with diabetes have 2.3 times higher medical expenses, totaling on average $13,700 per person per year with $7,900 of that being direct medical costs attributed to diabetes (CDC, 2017).  As a country, the U.S. spent $245 billion on direct and indirect medical costs in 2012 (CDC, 2017).  Also in 2012, the estimated total economic burden for diabetes in all ages, undiagnosed diabetes and prediabetes in adults in the U.S. was estimated to be over $322 billion, with $78 billion attributed to reduced productivity (Dall et al., 2014). 
The prevalence of DM and prediabetes is increasing in the U.S.; yet most individuals are unaware that they have prediabetes.  As the number of persons with DM increases, the microvascular and macrovascular complications, as well as psychosocial burdens of those affected by DM, increases as well.  The U.S. healthcare system also assumes a large economic burden for caring for individuals with diabetes.  These factors have lead to DM being a major health concern world-wide, necessitating initiatives to prevent DM.  Healthcare providers play an important role in DM prevention.   To decrease DM prevalence, it is imperative that healthcare providers are following national guidelines for the screening and treatment of prediabetes. 
Significance 

Diabetes is a serious international health concern and several health organizations recognize the importance of diabetes prevention.  The World Health Organization (WHO) recognizes that diabetes is a serious global health problem.  Its Diabetes Programme was developed to combat this problem through diabetes prevention and initiatives to reduce complications from diabetes and improve the quality of life of those with diabetes (Diabetes Programme, 2017). The CDC has also developed a successful program to help prevent diabetes in the U.S..  The CDC National Diabetes Prevention Program (DPP) prevents diabetes through prediabetes screening and intensive behavioral lifestyle programs which are implemented locally or online (National Diabetes Prevention Program, 2016).  The program has been shown to be cost effective; therefore, the Centers for Medicare and Medicaid Services has expanded Medicare coverage for the service (ADA, 2019).  In 2018, the CDC also joined forces with the American Medical Association (AMA) and the Ad Council in a prediabetes awareness campaign, “Do I Have Prediabetes”, which encourages the public to learn about their risk factors and talk to their provider with the goal to increase early diagnosis.  A similar campaign was implemented by the CDC and AMA targeting providers to Screen, Test, and Act-Today.  Also known as the STAT campaign, providers are urged to screen patients using the CDC prediabetes screening test or the ADA diabetes risk test, then test patients using one of three blood tests, and refer patients with prediabetes to a diabetes prevention program (Prevent diabetes STAT, 2019).  
Diabetes prevention is also an objective of Healthy People 2020.  One goal is to reduce the annual number of new cases of diabetes in the U.S. population from 8.0 cases per 1,000 to 7.2 new cases per 1,000 in the adult (18-84 year) population (Healthy People 2020, n.d.).  Another Healthy People 2020 goal is to increase physical activity, attempt weight loss, and reduce fat or calories in diet for patients who are at high risk for diabetes and who have prediabetes (Healthy People 2020, n.d.).
The ADA has also put forth screening guidelines for prediabetes screening and management.  The ADA standards of care recommend that risk-based screening for prediabetes and type 2 diabetes.  All overweight or obese patients over the age of 10, or who are post-puberty, with at least one additional risk factor should be screened for diabetes (ADA, 2019).  In addition, the ADA standards of care recommend screening for prediabetes with either informal or formal risk assessment.  Formal risk assessment screening tools include the ADA risk test and CDC prediabetes risk test.  The ADA also recommends referring patients with prediabetes to an intensive behavioral lifestyle program such as the Diabetes Prevention Program (DPP) or a comparable program (ADA, 2019).   Similar recommendations have been published by the U.S. Preventive Serve Task Force (USPSTF).  Their recommendations advise prediabetes and diabetes screening in overweight or obese adults ages 40-70 as part of a cardiovascular risk assessment (USPSTF, 2015).  Like the ADA, USPSTF also recommends referral for intensive behavioral counseling that focuses on healthy eating and physical activity for those that screen positive for prediabetes (USPSTF, 2015). 
Despite several national organizations recommendations, screening high risk patients for prediabetes and diabetes remain low.  From 2012-2015, Shealy et al. (2019) reported that less than 15% of patients with risk factors for prediabetes using ADA criteria were screened.  One potential explanation for the low screening rates is that provider perceptions, or recollections, of screening often do not correlate with actual screening rates.  It has been demonstrated that physicians report being “very likely” to screen high risk patients for DM and also report following ADA and USPTF for prediabetes screening; however, review of the electronic health records reveals inconsistencies in screening practices compared to reported screening practices evidenced by over-reporting of screening for prediabetes nearly 30 percent of the time (Mehta et al., 2017). 
Referral to intensive lifestyle intervention programs (ILI) as recommended by the ADA, CDC and USPTF is also low despite that ILIs have been shown to be successful for weight loss and increasing physical activity for participants.  The ADA’s standards of medical care in diabetes recommends achieving and maintaining a 7% weight loss and increasing moderate physical activity to 150 minutes per week as primary management of prediabetes (ADA, 2019).  Providers have low rates of referral to ILI programs, especially when unaware of national guidelines and toolkits (Nhim et al., 2018).  Referral rates to diabetic self-management programs for patients with diabetes appear to be higher than referrals to ILI for prediabetes alone, with at least one study showing no recommendation at all to ILI for prediabetes (Mehta, 2017; Hafez et al., 2017).  Using data from the 2016 National Health Interview Survey, Venkataramani et al. (2019) demonstrate that of the adults that are likely eligible for a diabetes prevention program based on self-reported prediabetes diagnosis or body mass index, only 4.2% report being referred to an ILI program and only 2.4% participated in said program.  
	Several organizations, such as the ADA, CDC, AMA, WHO, and USPSTF, have made recommendations and created initiatives for diabetes prevention that include screening and referral guidelines for healthcare providers.  However, the literature demonstrates inadequate screening for prediabetes and referral to ILI programs for diabetes prevention, highlighting the need for providers to be aware of the national guidelines as well as ILI programs. 
Clinical Problem Statement
	Over 84 million adults in the U.S. have prediabetes with nearly 90% unaware that they have the condition.  Most adults with prediabetes will go on to develop diabetes in their lifetime and with it inherit an increased risk for cardiovascular events, microvascular complications, increased direct and indirect medical costs, and decreased life expectancy.  Routine screening for prediabetes and referral to ILI programs is recommended by several national health organizations, however screening rates in primary care remain low and ILI programs are underutilized. 
Review of the Literature
	To understand the inadequacy of prediabetes screening and referral to ILI programs by healthcare providers in the primary care setting, it is vital to understand the related provider and patient characteristics and barriers.  The CDC’s DPP is a well-known, evidenced-based ILI but is likely underutilized, therefore a better understanding of the benefits and drawbacks of the program is valuable.   
Provider Characteristics and Prediabetes Screening and Referral 
	Primary care providers are uniquely situated to routinely screen patients with risk factors for prediabetes per the CDC and ADA guidelines.  However, screening rates for prediabetes as well as referral to programs remain low in the U.S.  Various studies have investigated adherence to the recommended screening guidelines and have found that awareness of guidelines and initiatives, use of electronic health records (EHR), proximity of ILI programs, time constraints, and perceived adherence are all factors.  
Provider awareness.
[bookmark: _Hlk37851307]	 A study by Nhim et al. (2018) demonstrated that provider awareness of national guidelines and initiatives was positively associated with screening for prediabetes and referral to intense lifestyle interventions programs.  Using a cross-sectional web-based survey method of 1,256 primary care providers, 38% reported being aware of CDC recognized DPPs.  Fewer providers were aware of the STAT toolkit at 19%.  Most providers used blood tests to screen for diabetes (97%) while only 27% utilized a risk test, such as the CDC or ADA risk tests.   The authors demonstrate that when compared to providers without awareness of DPPs, providers with awareness were more likely to screen with a risk test (40.9% v. 18%, p<0.001), order a blood test (97.3% vs 96.3%, p=0.34) and refer to a ILI program (39.8% vs. 12.7%, p< 0.001).  Providers who were aware of the STAT toolkit also screened (65.8% vs 17.6%, p< 0.001), tested (99.2% vs 96.1%, p=0.018) and referred (56.5% vs 15.2%, p<0.001) more often than those who were not aware.
	Role of the electronic health record.   
Not only do providers screen and refer more often for prediabetes when aware of national initiatives, providers who utilize EHRs also have increased screening and referral rates to ILI programs.  A survey of 1,256 primary care providers who completed that 2016 DocSurvey and were asked 16 diabetes related questions demonstrated that PCPs who used EHRs screened patients for diabetes 38.8% of the time versus 17.4% of the time for those not using EHRs, p< 0.001 (Nhim et al, 2018).   It was also demonstrated that a greater proportion of PCPs who use EHRs refer to ILI program at 35.8% to 13.7% (p <0.001).  This is possibly due to the reminder cues and direct referral options that are available in EHR systems.  Rattay and Rosenthal (2014) discuss the statewide implementation of the DPP in Delaware and advise that the EHR is an important tool in this process.  They report that the EHR can help bridge the gap between the primary care provider and the DPP through prompts, flagging of abnormal results and easy, one click direct referral to local DPP programs.  
Proximity of ILI programs. 
There was also an association between having a higher ratio of CDC-recognized ILI programs per total primary care providers within the practice zip code and referrals to a CDC-recognized ILI (p<0.05) (Nhim et al, 2018).  These results, in regards to awareness of prediabetes guidelines and proximity to CDC-recognized ILI programs, is supported by a qualitative study by Johnson and Melton (2016) who reported that health care providers reported unawareness of the existence of DPP programs as a reason for not referring patients.  
	Time constraints.
	In a qualitative semi-structured chart-simulated recall study by Hafez et al. (2017), twenty primary care physicians were questioned regarding their reasoning for screening or not screening for diabetes.  The patients sample included 134 patients without diabetes who met the ADA’s criteria for being high risk for diabetes. The two most common reasons, at 49% and 48% respectively, for not screening, included knowledge of prediabetes status and that the patient was being seen for an issue other than a routine health maintenance exam and time did not allow to address prediabetes screening.  The most common reasons for screening for diabetes included knowledge of a previous abnormal screening test and the patient’s personal diabetes risk factors of weight and/or age.
[bookmark: _Hlk37851983]	Provider time constraints as a barrier to implementation of diabetes prevention programs in primary care have also been demonstrated.  A study assessing implementation of diabetes prevention program in 24 Dutch primary clinics over a 2.5-year period revealed that 60% of participating providers reported lack of counselling time as a barrier to implementation (Vermunt et al., 2012).  In the same study, 11 % of providers reported lack of financial reimbursement and 12% reported lack of patient motivation as major barriers.  Similarly, a study set in Australia analyzing the feasibility of a lifestyle modification program for disease prevention in primary care demonstrated that lack of time and competition with other health issues and chronic disease are major barriers for providers (Schütze et al., 2012).  
Disconnect between perceived and actual adherence to screening and referral guidelines.
	A barrier to screening for diabetes may be that providers perceive they are screening adequately when they are actually missing opportunities.  Mehta et al. (2017) surveyed 305 primary care physicians regarding their screening and referral behaviors for diabetes.  The data collected was then compared to patient data from the EHR.  Of surveyed physicians with eligible EHR data (n=281), 45% report utilizing USPSTF screening guidelines at least half of the time; however, nearly a third of these physicians were found to have non-concordant EHR data.  Similarly, 52% of the physicians surveyed stated that they utilized ADA screening guidelines over 50% of the time and 33% had non-concordant data implying that the physicians may recall screening patients with appropriate guidelines most of the time, but a third of the time patients are not getting screened.  In addition, this study asked about referral to DPP (ILI program) and DSME programs.  In regards to DPP referrals for those with prediabetes, physicians reported that they provided diet and lifestyle coaching to patients 95%, but only referred 45% of patients to a DPP which is recommended by the ADA, USPSTF, and CDC for every patient with prediabetes or with risk factors for prediabetes.  However, this reported data was not compared to patient data from the EHR to confirm if providers were accurately reporting referral rates.  It is feasible, based on the screening data above, that providers have an inflated recall of referring to ILI programs.
Patient Perceptions Regarding Prediabetes Screening and Referral	
Importance of patient prediabetes awareness.
A study by Gopalin et al. (2015) demonstrated how a person’s prediabetes awareness is associated with engagement in lifestyle modification behaviors.  A cross-sectional analysis of adults from the National Health and Nutrition Examination Survey was performed.  Adults who self-reported diabetes were excluded from the study.  Of the remaining participants, those with an A1C value in the prediabetes range of 5.7% to 6.4% were included in the study.  The group was then divided between those that self-reported as having prediabetes (prediabetes aware group) versus those that did not (prediabetes unaware group).  Of those that met the criteria of prediabetes (n=2,694), only 11.8% (n=288) were aware that they had the condition.  Furthermore, multivariate logistic regression was used to show that those that were prediabetes aware had higher likelihood of engaging in physical activity and weight management (49.7% vs 39.0%, p=0.01).  The prediabetes aware group also had higher odds of achieving DPP intervention targets of physical activity of >150 minutes/weeks plus > or equal to 7 lb. weight loss at 9.1% versus 4.6% (p=0.02).  Although statistically significant differences between prediabetes aware and unaware were seen regarding the aforementioned DPP physical activity and weight loss targets, the rates of engagement for both groups is less than 10%.  The authors suggest that these results demonstrate how provider advice alone is inadequate for supporting patients to achieve lifestyle changes and supports the need for participation in evidence based ILI programs.   
Patient knowledge of prediabetes management.
Not only are patients often unaware of their prediabetes status, but research shows that most patients with prediabetes are not familiar with the treatment for diabetes.  In a qualitative study, O’Brien et al. (2016) conducted semi-structured interviews with 35 adults patients with prediabetes who were questioned regarding their perceived risk for developing diabetes and  their treatment preferences.  The results demonstrated pervasive gaps in knowledge about prediabetes and treatment, that presenting evidence regarding the risk of developing diabetes and treatment for diabetes is motivating, and finally that patients are receptive to both ILI programs and metformin as treatment options.  Most of the participants did not understand their risk for diabetes nor that their diabetes risk could be lowered.  Furthermore, the authors discuss that participants expressed motivation to prevent diabetes with the knowledge obtained through participation in the research study (O’Brien, 2016).  Most participants in the study stated that an ILI would be their first choice for treating prediabetes because it is a “natural way” to manage prediabetes and encouraged “personal responsibility”.  In addition, participants appreciated that ILI offered benefits beyond lowering their risk for diabetes, such as weight loss and healthy eating (O’Brien, 2016).  
	Findings in a narrative systemic review of the literature by Messina, Campbell, Morris, Eyles and Sanders (2017) support the idea that patients often lack knowledge of prediabetes as a condition and how it can be managed.   One theme that emerged in three of the fifteen studies included in the review was patients lack of knowledge of prediabetes and desire to prevent it.  For example, one participant stated, “I want to prevent it if I can, and I don’t know how.  I am up in the air and hoping” (Messina et al., 2017, p 91).  Furthermore, the authors found that patients desire written education material to enhance understanding.  In four of the fifteen studies, patient reported lack of follow up for diabetes prevention in primary care as a hindrance.  Other themes that emerged and had a positive impact on diabetes prevention included motivation through program involvement, evidenced in six of the fifteen studies, and having a trusting relationship with the primary care provider in five of the fifteen studies (Messina et al., 2017).    
Diabetes Prevention Program
	One ILI program that has been found to be successful in preventing diabetes is the CDC’s diabetes prevention program (DPP). The original NIH-funded DPP study in 2002 demonstrated that a structured intense behavioral counseling program for 3,234 participants with prediabetes resulted in a 7% weight loss for 50% of participants in 24 weeks.  The program curriculum included 16 lessons that covered lifestyle modification topics taught one on one by case managers for 24 weeks with monthly group lessons thereafter.  Participants followed a low fat diet and increased their physical activity to 150 minutes per week.  Those that completed the program reduced their risk of developing diabetes by 58% (95% CI, 48-66%).  Those in metformin intervention arm of the study had a diabetes incidence reduction of 31% compared to placebo (Knowler, Barrett-Connor, & Fowler, 2002).  
	Since the original study, several follow up studies have analyzed the translation of the DPP into various settings, such as primary care, the community and through online social media with positive results.   In the primary care setting, Ma et al. (2013) showed that after a 15 month intervention, the DPP intervention groups reached the 7% target weight loss more often than those in the usual care group, 37.0% (p=.003) in the coach led group, 35.9% (p=.004) in the DVD led group versus 14.4 % in the usual care group   Implementation of a DPP in the community, with a scaled-down and low cost version compared to the original NIH study, was shown by Ackerman, Brizendine, Zhou, and Marrero to produce similar results as the original study (2008). The Diabetes Education and Prevention with a Lifestyle Intervention Offered at the YMCA (DEPLOY) study demonstrated a 6.0% (95% CI=4.7,7.3) decrease in body weight at 4-6 months for participants in the intervention arm versus 2.0% (95% CI= 0.6, 3.3, p<0.001) decrease in body weight for those in the control group.  In a study measuring the effectiveness of an online based DPP program, 187 participants had an average of 5% weight loss at sixteen weeks and 4.8% weight loss at 12 months (Sepah, Jiang, & Peters, 2014).  	
	Diabetes prevention program perceived benefits.
	Since the original NIH funded study in 2002, the CDC has expanded the DPP and offered health care and community centers to become certified DPP providers.  Therefore, access to DPPs has greatly improved.  Currently there are  29 programs offered in Iowa alone.  However, as discussed previously, most patients with prediabetes are not being referred to these evidenced based programs.
	Besides the obvious benefit of weight loss and prevention of diabetes, DPPs have been shown to offer additional benefits. Using a mixed methods approach of 97 interviews, 5 focus groups and an online survey, Johnson and Melton (2016) found that health care providers, program facilitators, and patients perceived the DPP classes as a positive experience as they offered peer support, an opportunity for in-depth discussion, and opportunities for learning how to implement lifestyle changes.  One family medicine provider stated, “What I like most about the DPP is that they talk about nutrition but also have a holistic approach” (Johnson & Melton, 2016, p. 20).  An internal medicine physician stated the following, “I like the activity component…the idea of physical activity encouragement…I think a really important thing is knowing how activity affects your blood sugar levels, and how certain foods affect them, and how following a healthy diet and being active actually prevents long-term problems” (Johnson & Melton, 2016, p.20).  Patients and program facilitators agreed that peer support was a major benefit of the DPP.  One patient stated “It’s a feeling of everybody having something in common.  I feel comfortable here talking, because I know everybody understands, probably, what I’m going through, I understand what you’re going through” (Johnson & Melton, 2016, p. 21).  
	Diabetes prevention program perceived barriers.
	A qualitative study assessing factors that would affect demand for DPPs in North Carolina, revealed that both providers and patients were concerned about the cost of the program, transportation to a program site and the time commitment for a 16 weeks program (Thomas, Samuel-Hodge, Porterfield, Alva, & Leeman, 2018).  The findings are echoed in another qualitative study looking at motivating factors and barriers to successful DPP implementation.  Johnson and Melton (2016) describe the following themes as barriers:  general lack of knowledge, cost of the program and significant time commitment.  Patients and providers reported similar sentiments.  A patient stated, “This sounds fantastic, but is it going to cost me because my insurance is not going to cover it” (Johnson & Melton, 2016, p. 22).  Similarly, a provider expresses that that lack of insurance coverage and the extensive time commitment required of the program are barriers for patient participation (Johnson & Melton, 2016).  
In a DPP implementation study in primary care in the Netherlands, cost was also a main theme.  Vermunt et al. (2012) found that 90% of the healthcare professional in their study agreed that free exercise programs that offer structured guidance should be included in ILI and 54% of patients stated they would be in favor of those programs as well as counselling with a dietician.
	Fortunately, recent policy change in the U.S. has provided expanded coverage of DPPs for patient over the age of 65 years-old and on Medicare through the Medicare Diabetes Prevention Program (MDDP).  Through this program Medicare will cover the cost of DPPs through CDC approved DPP curriculum providers.   Coverage includes a minimum intervention of 16 core lessons over a period of six months in a group setting.  The group sessions focus on counseling for diabetes prevention through changes in diet, physical activity, and behavior change.  The goal of the Medicare DPP program is 5% weight loss achievement and maintenance (Medicare Diabetes Prevention Program (MDDP) Expanded Model, n.d.).  The final payment amount to the approved providers for each session varies and is linked to retention of participants and weight loss goals.  For example, Medicare pays out $25 for the first core session, then $50 for four core session attended.  Medicare pays $90 for participation in nine core session.  Programs can bill Medicare more if participants reach their 5% weight loss goal (MDDP, n.d.).  Clearly the payment system is modeled to encourage participant completion of the program and weight loss.  
Summary of Review of Literature
The review of the literature demonstrates that guideline adherence for prediabetes screening and referral to ILI programs is consistently low, despite that patients with prediabetes desire awareness of their condition and knowledge of prediabetes treatment and diabetes prevention.  Research shows that if providers are aware of the CDC DPP or the STAT toolkit, they are more likely to screen for prediabetes and refer to ILI programs.   Besides lack of awareness of diabetes prevention campaigns and resources, providers report that time constraints and competition with more complex health problems can keep them from screening and referring.  The CDC’s national DPP has been proven to prevent diabetes in 1 of 7 patients that complete the ILI program.  However, barriers, such as cost, time commitment, and proximity of the program contribute to underutilization of these evidence-based interventions.  Medicare now covers participation in CDC approved DPP programs for its members, which may lead to increase utilization of these programs if providers are aware of this benefit and the existence of the programs.
Theoretical Framework
	This quality improvement project implemented a change in provider practices in a family practice clinic for screening for prediabetes and referral to ILI programs.  Change theory is a helpful tool to utilize as a framework for identifying, implementing and evaluating change.  Kurt Lewin is a pioneer in change theory and his work identified three phases of change: Unfreezing, Moving, and Refreezing (1951; Mitchell, 2013).  
The Unfreezing phase identifies when change is needed.  In this phase the status quo is examined and the main forces for change are identified and highlighted.  During the Unfreezing phase, information was presented to the primary care providers at a one on one provider meeting and also during team huddle times to include the nursing staff.  The information provided highlighted the need for prediabetes screening and adherence to referral guidelines.  
The Moving phase is when change is initiated.  This is the phase where implementation of an intervention or change to practice occurs.  In this phase the prediabetes screening tool was implemented and referral data was captured.
The Refreezing phase is when equilibrium is established and the change becomes permanent.   The length of time of the intervention, or the new screening process, was in place was vital to securing its place in the daily workflow for the staff and providers.  Emphasizing the positive outcomes was also vital for ensuring that the change is accepted as the new and ideal process. 
Lewin also describes in his force-field analysis how various forces affect change.   He described how different types of forces, driving and restraining forces, affect change.  Driving forces lead to locomotion and lean toward the positive and away from the negative.  He describes that the driving forces may be hindered by physical or social obstacles he termed restraining forces (Lewin, 1951).  In this study, the motivation to prevent diabetes and adhere to screening/referral guidelines are driving forces.  Providers were given information regarding screening and treatment guidelines for prediabetes in an information session prior to the implementation of the project.  The review of the literature demonstrates that patients want to be aware of their prediabetes condition and that they find knowledge of diabetes prevention measures motivating.  In this study, the patients themselves may very well be driving forces for change.  In addition, weekly updates during the implementation of the project will demonstrate progress to the providers and this can be harnessed as a driving force.  These driving forces must outweigh the opposing restraining forces.  Restraining forces for providers, as indicated in the review of the literature, may include limited time to cover prediabetes with patients and the perception that guidelines are already being followed when in actuality screening and referral rates are less than desirable.  To move the equilibrium in the direction of the desired change, the providers were made aware of the positive impact that screening and referring for prediabetes has on their patient population.  The restraining factors will also be minimized by use of an easy to use screening tool that did not take up valuable patient-provider time to complete.  Finally, the process change will be frozen, or be secured.  Ideally, positive outcomes and time will encourage this process.  If this quality improvement project shows promise, the screening and referral process could be integrated into the EHR which would complete the “freezing” process. 
Purpose and Aim
	The purpose of this project was to implement a prediabetes screening and referral process in a family practice clinic.  The Prevent Diabetes STAT toolkits utilized as a guideline for educating providers and methods for implementing the process.  Barriers for screening and provider referral practices, as well as patient preferences for ILI programs, were explored.  The findings from this project formed the groundwork for proposing the development of a CDC recognized DPP within the community and for imbedding the prediabetes screening tool into the EHR.
[bookmark: _Hlk37338053]	The specific aims of this project included:  1) Increasing provider awareness of the Prevent Diabetes STAT initiative through provider education 2) Assessing provider knowledge of ILI programs (DPP programs), 3) Identifying existing provider-related barriers for prediabetes screening and referring to ILI programs, 4) Identifying patient preferences for and barriers to ILI programs. 
Methods
Design
	This quality improvement project utilized Lewin’s Change Theory and the Plan-Do-Study-Act (PDSA) framework to implement a prediabetes screening tool and referral process in a family practice clinic.  The project was implemented in four-week intervals, one pod of providers at a time, for a total of three PDSA cycles. 
Setting
	This project was implemented at the UnityPoint Clinic Family Medicine clinic in Indianola situated in central Iowa where 5 primary care providers, three physicians and two physician assistants, practice.  The providers are divided in three pods, consisting of 1 or 2 providers per pod.  The clinic is affiliated with the UnityPoint Health system, a not-for-profit healthcare organization.
Sample
	The sample for this project included the five primary care providers in the clinic described above.  Two hundred and thirty adult patients ages 18 and older, without a diagnosis of diabetes, presenting to the clinic for any type of office visit were screened during the 12-week implementation phase.  Demographic data, prediabetes risk test scores, A1C and FPG results were collected on these patients.  Follow up survey results were collected on 27 out of 44 patients.  All patient data was de-identified.  
Interventions
	Prediabetes screening tool.  The CDC’s prediabetes risk test was administered to every adult patient 18 and over without an existing diagnosis of diabetes (See appendix A.).  The certified medical assistant (CMA) or nurse administered and scored the test; any result 5 or greater, which is considered high risk, was flagged for the provider to review.  Providers indicated on the same form what action they took:  1) Ordered A1C lab to test, 2) Patient Declined A1C Testing, 3) Prediabetes status known (prediabetes or no prediabetes) 4) Insufficient time to address or 5) No action taken at this time. (See Appendix B for provider action questions and Appendix G for flow chart).
	Increase provider awareness of the Prevent Diabetes STAT initiative.
	One on one education sessions were held with providers prior to implementation of the project.  Providers received education regarding the Prevent Diabetes STAT (Screen, Test, Act Today) initiative (see Appendix C) which includes the national guidelines for screening for prediabetes and referral for prediabetes to an evidence-based Diabetes Prevention Program.   CMAs and nurses provided the form and scored the CDC prediabetes risk test respectively, therefore information sessions were held at a team huddle meeting with all staff prior to implementation of the project.
	Screen. The STAT initiative encourages providers to assess the risk for prediabetes during routine office visits with a risk assessment test as described above.  Providers counseled patients who scored high risk for prediabetes at the office visit regarding testing and risk factors for prediabetes. 
Test.  Patients who scored “high risk” on the CDC prediabetes risk test (5 or higher) were tested for prediabetes with an A1C or fasting plasma glucose test at the provider’s discretion.  The oral glucose tolerance lab test is included in the Prevent Diabetes STAT initiative, but is not commonly ordered in this clinic and therefore was not included as an option for testing in this project.   
Act Today. Patients who have an A1C or FPG in the prediabetes range, 5.7%-6.4% or 100-125 mg/dl respectively were referred to a local DPP.  These patients received a letter in the mail or through the EHR portal explaining prediabetes and the benefit of DPPs.  A list of DPPs in the 50 miles radius of the clinic and online DPP options were provided.  There were no face-to-face programs within 25 miles of the clinic and there were only 4 programs, at the time of this writing, within 50 miles of the clinic.
 Patients with AIC or FPG results in the normal range will continue to follow up with their provider as directed with routine care.  Those with an A1C result greater than 6.4% will follow up with their provider as directed. 
	Increase provider knowledge of ILI programs.  At the one-on-one provider meetings, providers were given information on the benefits of evidenced-based CDC recognized Diabetes Prevention Programs and referral information for online and face to face programs.  A list was available for providers to give to patients at the office visits. See Appendix D.  
	Identify provider related barriers to screening for prediabetes and referring to ILI programs.  A survey was administered to the five providers prior to the education session and again at the completion of the project.  See Appendix E.  A six-question survey using a five-point Likert scale was be administered.  This survey assessed how knowledge of the Diabetes STAT initiative, national guidelines, and benefits of an ILI program affects screening and referral practices.  Post-project only, providers were asked to answer one open-ended question to describe their perceived barriers for screening for prediabetes and referring to ILI programs.  After the completion of the project, providers were also be asked to complete a post-project survey consisting of one open-ended question asking providers to submit comments regarding the implementation of this quality improvement project as a whole and thoughts on sustainability of the new process (See Appendix G).   
	Identify patient related barriers to participation in an ILI program.  After completion of the 3-month implementation phase, a follow up telephone survey was completed on 44 patients who were screened and found to have prediabetes during the implementation phase of project.  These patients were asked a series of questions regarding preferences and barriers for participation in DPPs (See Appendix F).  
Analysis
Risk Test and Lab Results
Descriptive statistics was used to assess demographic data, risk test scores, lab results, and provider actions.  The relationship between lab test results and risk test scores was analyzed with linear regression using Microsoft Excel (alpha = 0.05). 
Patient Preferences
The post project patient survey included telephone follow up to patients with positive prediabetes test.  Preferences of DPP programs and barriers to participation was assessed with descriptive statistics.
Provider Characteristics
Pre and post-test Likert scale provider survey results compared using paired t-Tests in Microsoft Excel (alpha = 0.05).  Post project provider survey was assessed by thematic analysis. 
Results
Characteristics of Patient Sample
	Of the 230 patients that completed the prediabetes risk test, the majority, 46.5% (107/230) were 60 years or older, followed by 48 (20.9%) ages 50-59, 23 (12.2%) ages 40-49, and 52 (22.6%) were less than 40 years old.  One hundred and twenty-four (53.9%) of the respondents were female and 106 (46.1%) were male.  Only 6 of the females reported a history of gestational diabetes (4.8% of females).  Sixty-three (27.4%) of the patients reported a family history of high blood pressure and 98 (42.6%) reported having a diagnosis of high blood pressure (see Table 1).  
	The majority of patients, 171/230 (74.3%) reported being physically active and 59/230 (25.6%) marked “not physically active” on the risk test.  However, the majority of patients fell into the overweight and obese categories for body mass index (BMI).  Eight-six (37.4%) patients reported a BMI in the moderately obese range of 30 to less than 40, 79 (34.3%) reported a BMI in the overweight range of 25 to less than 30, 25 (10.9%) were in the severely obese BMI range of 40 or higher, and 40 patients (17.4%) fell into the normal BMI range of less than 25 (see Table 1).  
Screening and Testing for Prediabetes
	Of the 230 patients, 137 (59.6%) had a positive prediabetes risk test score of 5 or higher.  The average score for the prediabetes risk test was 4.7 and the mean score was 5 (see figure 1.).  
Table 1 depicts the screening, testing and action question results and shows that 60 of the 230 (26.1%) patients sampled had positive lab test for prediabetes during the duration of study or had previously diagnosed prediabetes by lab test.  Specifically, 43 of 230 (18.7%) patients had a positive lab test for prediabetes and 17 (7.4%) were not tested because their positive prediabetes status was known to the provider.  Thirty-six of 209 (17.5%) self-reported a positive prediabetes status, leaving 21 patients that did not answer the prediabetes status question (see Table 2).  
	Of the 137 patients that screened high risk, 65 (47.5%) were tested with either a FPG or A1C test and 10 (7.3%) had a positive lab test for prediabetes already known to provider, which resulted in 75 (54.7%) patients who were either tested or had known prediabetes in the high risk group (see Table 2).  In those that screened high risk for prediabetes, 28/137 (20.4%) were not tested due to prior lab work that showed no prediabetes. There were 34 (24.8%) missed opportunities for lab testing in the 137 patients who screened high risk with the following breakdown 21 (15.3%) patients had no action was taken, 10 (7.3%) were not tested due to insufficient time, and 3 (2.2%) patients declined testing (see Table 2). 
	In total, the providers ordered 28 A1C and 80 FPG tests (see Table 2).  Although there was no relationship between Risk Test Score and A1C values (P=0.502), there was a significant positive relationship between Risk Test Score and FPG among those tested (P<0.001, R2=0.17) as shown in figure 2.  
DPP: Referral Results and Patient Preferences/Barriers
	Table three represents the results of the patient follow up survey.  Sixty patients with a positive prediabetes lab test during the study period or prediabetes confirmed by lab test prior to the study were provided prediabetes and DPP information, either by U.S. postal service or through the EHR portal.  None of the patients who had a positive prediabetes lab test or known prediabetes were referred to a DPP (0%, 0/60), however there were no DPPs within a 25-mile radius of the clinic during implementation of this project.  Forty-four patients were called for the telephone follow up survey and 27 responded for a response rate of 61.4%.  The majority of patients surveyed expressed interest in local in-person or online DPP at 63% (17/27) and 51.9% (14/27) respectively.  Patients with prediabetes who were surveyed reported potential barriers to participation as follows: time constraints/schedule (15/27, 55.6%), distance or location of DPP (12/27, 44.4%), and cost of program (5/27, 18%).  Only 11.1% (3/27) of the surveyed patients knew that DPPs are often covered by insurance.   
Provider Knowledge and Characteristics
	All five providers at the clinic site completed a five question pre and post-project Likert scale survey.  Table four shows the provider survey questions and pre and post project responses.  There was no significant change in how providers answered questions one, two and five before and after the study.  The providers “Strongly Agree” that screening for prediabetes is important part of their practice and were “Neutral” in stating that there is insufficient time to screen and test high risk patients for prediabetes in their practice.  In addition, providers were mostly neutral with being aware of CDC recognized programs within 50 miles of the clinic.  The providers were given a list of DPP programs at the education session, which included only four within 50 miles and zero within 25 miles.  Question three addressed the awareness of the Prevent Diabetes STAT toolkit which was discussed at the one on one meeting.  Providers on average selected “Disagree” (3.6) on the pre-project survey and “Agree to Neutral” (2.8) on the post-project survey for this question.  This was not statistically significant change with a p-value of 0.2, however this could be due to the small sample size for this survey.  Responses for question four, “I refer patients with prediabetes to a CDC recognized diabetes prevention program” did show a statistically significant change from “Neutral” to “Disagree” (p-value=0.03).  This shift could be attributed to improved understanding of DPPs after the one on one education session and the fact that the nurse care coordinator who had been providing prediabetes education in the clinic was no longer available. 
Post Project Provider Survey	
	The five providers at the clinic site who participated in the project also completed a post project open ended survey which asked they comment on the usefulness and sustainability of the Prevent Diabetes STAT process.  The themes elicited from analysis of their responses are as follows:  the screening process was simple and beneficial, there is a lack of local resources for lifestyle change counseling, and there are concerns of form fatigue and questioning of the benefit of a formal assessment.  
	Process is simple and beneficial. One physician stated that “Implementation was simple…was helpful to demonstrate how many people with diagnosis of prediabetes do not realize either what this means or that they have the diagnosis.”  This provider also commented that “sustainability of process is reasonable, however could be repetitious”.  Another physician echoes the ease of implementation and benefits by stating that the “project was very easy to implement into regular office visit.  It was actually very helpful as a reminder to focus on non-diabetic ‘at risk’ population.”
	Lack of local resources.  A physician assistant commented on the lack of a diabetes prevention program within the community.  She stated that “The greatest concern is that we do not have access to diabetic coaching programs locally and easily accessible.  Having a nurse dedicated would be ideal.”  It is important to note that just prior to the implementation of this project, the clinic’s designated registered nurse educator for prediabetes and diabetes education, was transitioned to a transitional care management role away from education.  Therefore, the clinic was left without this valuable resource for patient education. 
	Form fatigue and formal screening.  Another theme that emerged from the provider survey included the concern for overwhelming staff and patients with forms.  One physician commented that the “Difficulties lie with ‘form fatigue’ for nurses and that patient’s lack interest in lifestyle modification.”  In addition, there were concerns over the benefit of a formal screening through a form versus an informal assessment as follows, “Not sure how many patients identified by form; in reality they are picked up by ‘eye test’”.  This is a valid point as the ADA does recommend either a formal risk test or informal assessment for patients at high risk for prediabetes and diabetes (ADA, 2019).  
		Discussion
Findings Related to Purpose and Aims
	Increasing awareness of the Prevent Diabetes STAT initiative through provider education.  Based on the results of the provider pre and post-project survey, providers may have an increased awareness of the Prevent Diabetes STAT initiative after completion of this project.  However, the result pertaining to this question in the survey was not statistically significant, indicating that more provider education is necessary beyond one-on-one educational sessions with the providers.  It may be helpful to increase the number of educational sessions or possibly provide the information in a different format.  However, finding adequate time in the providers’ schedule for additional education may prove challenging.  Awareness of the Prevent Diabetes STAT initiative did not appear to change providers’ perspectives on the importance of screening and testing patients for prediabetes.
 	Assessing provider knowledge of ILI programs. 
	Providers appear to have an increased understanding of what constructs a DPP when comparing pre and post survey results.  None of the patients with prediabetes were referred to a DPP, however, there were no local programs within the community to refer.  There was no change in response to the question regarding awareness of DPPs within 50 miles of the clinic after implementation of the project, with the providers selecting “neutral” for that question on the pre and post survey.  Likely this is explained by that fact that only four DPPs existed within the 50-mile radius of the clinic, and no DPPs were within the 25-mile radius of the clinic.  It can be assumed that with an intense lifestyle intervention program that requires weekly meetings for at least six months, it would be challenging for patients to participate.  Provider answers did significantly change from “neutral” to “disagree” to the question of referring patients to CDC recognized DPP programs.  This could represent an increase in provider knowledge of what constitutes a CDC recognized DPP and the understanding that educational visits with the clinic nurse care coordinator maybe be helpful, but does not constitute a DPP.   On the other hand, the providers may have selected “disagree” to the referring to a CDC DPP question because the clinic’s nurse care coordinator role had been changed just after the start of implementation of this project.  Prior to implementation, the providers were able to refer patients to the nurse care coordinator assigned to their clinic for chronic disease management, including prediabetes education and health coaching.  The role of this nurse was transitioned to transitional care management and no longer included patient education visits.  Initially, the nurse care coordinator was going to play a vital role in the implementation of this project, in particular to assist with referrals to DPPs.  With the change in duties, this valuable resource was no longer available and possibly could have played a role in the providers opinions on their referral practices.  
	Identifying provider-related barriers for prediabetes screening, testing and referring to ILI Programs.  Providers tested 47.4% of patients that were screened high risk by the CDC risk test.  In addition, they were already aware of a positive and negative prediabetes status for about a third of their patients that screened high risk, leaving nearly a quarter of high-risk patients untested.  These missed opportunities were most often attributed to “no action taken” by providers 15 % of the time and less often, 7.3% of the time, to “insufficient time”.  Only 2.2% of high-risk patients declined testing.  It would be helpful to further characterize the selection of “no action taken” by providers to truly understanding barriers for prediabetes testing.  The results do demonstrate that lack of time during office visits and patient opposition to testing are not the most common barriers to testing. 
	In regards to barriers to screening for prediabetes, most found the CDC risk test easy and simple to implement.  However, one provider did report concerns of form fatigue with using a paper form.   Another provider thought the risk test could become repetitious.  Both of these highlight potential provider barriers to utilizing a paper form risk test in routine clinical practice.   
	Finally, for referring patients with prediabetes to DPPs, the providers report that the lack of resources in the community and a dedicated nurse educator as barriers to referral.  The resources that are lacking include a DPP within 25 miles of the clinic, ideally within the community, and also a dietician.  Interestingly, at the same time that the clinic’s nurse care coordinator role was transitioned, the community lost the only option for referral to a dietician at the local grocery store, further highlighting a need for a community based DPP for their patients.  
	Identifying patient preferences for ILI programs. The majority of patients surveyed reported being interested in participating in both in-person and online DPPs.  Slightly more patients were interested in in-person programs, but still over half reported interest in online programs citing that an online program would be beneficial in times of bad weather or if they were travelling south for the winter.   Although interest in programs was high, patients did express that there may be barriers to participation.   The most common barriers included concerns about the required time commitment for participation in a DPP and also concerns regarding the distance they would be required to travel to attend a program.  Patients were also concerned about the cost of the program, however nearly 90% of those surveyed did not know that insurance often provides coverage for DPP participation.  These results contradict what one provider suggested was a barrier to referring patients to DPPs, which was the opinion that patients are not interested in lifestyle changes.  These results suggest that even when patients are interested in lifestyle change programs, participation is dependent upon overcoming barriers. 
Findings in Relationship to the Literature
	Prediabetes awareness.  The results suggest that many patients have prediabetes are unawareness, which is consistent with results found in the literature.  In this study, 17.5% of those that responded to the question reporting that they had prediabetes and 26.1% of the total sample had a positive prediabetes lab result either during the study period or recently and did not require re-testing.  It is estimated that only 11.6% of adults in the U.S. are aware of their prediabetes status (CDC, 2017).  It is also estimated that over a third of the U.S. population has prediabetes which is just slightly higher than the percentage in this study (CDC, 2017)  
	Screening and Testing.
Studies demonstrate that adherence to guidelines for screening and testing at risk individuals for prediabetes and diabetes varies depending on the study design and clinic processes.  Shealy et al. (2019) found that only 15 % of patients with ADA risk factors for diabetes were tested.  In contrast, Keck, Thomas, Hieronymus, and Roper (2019) reported that 75.9% of patients meeting the USPSTF diabetes screening guidelines were tested with an A1C test.  It is important to note that the providers in the study by Keck et al. (2019) had access to point-of-care (POC) A1c testing which may improve adherence to prediabetes and diabetes screening guidelines.  The providers in this study did not have access to POC A1C testing and therefore FPG was more commonly ordered.  Both A1C and FPG tests are “send out” labs in this clinic and therefore no immediate test results were available for providers to discuss results during the office visit.  Still, 47.4% of those who screened high risk on the CDC prediabetes risk test were tested with a FPG or A1C and additional 7.3% had a recent lab test showing prediabetes, indicating that over half of high-risk patients are were tested.  These results are similar those from the National Health and Nutrition Examination Survey (NHANES) which showed the of the 76% who met ADA criteria for screening for diabetes, slightly less than half (46.2%) reported screening (Kiefer, Silverman, Young, & Nelson, 2014).  Implementation of the CDC prediabetes risk test positively correlates with FPG results in this study, and its use possibly increased testing for prediabetes, however a controlled study design is needed to assess this properly. In addition, studies show that awareness of national guidelines for screening and management of prediabetes improves screening for the condition (Nhim et al., 2018).  Again, as this project was designed as a quality improvement project, no pre-intervention or control group data were collected to compare how the intervention improved screening and testing rates.  However, it is possible that the increase in provider knowledge of the Prevent Diabetes STAT initiative also improved testing rates.  
In contrast to results from Vermunt et al. (2012), where 60% of providers reported lack of time for counselling as a barrier for managing prediabetes, the providers in this study only reported having insufficient time to address prediabetes in the office visit less than 10% of the time.  The pre and post project provider survey results support this finding with providers remaining “Neutral” regarding having insufficient time to screen and test all patients who are high risk for prediabetes.  
	Referring to DPPs and barriers to participation. 
Poor referral rates to DPPs is consistent across the literature with as little as zero to 4.2% of eligible patients being referred (Hafez et al, 2017; Keck et al., 2019; Venkataramani et al., 2019).  These figures are similar to results from this study. No patients in this study were referred to an in-person or online DPP, however there were no in-person DPPs within a 25-mile radius of the clinic and only four DPPs within a 50-mile radius of the clinic during the study time frame.  In addition, as one provider noted, there was no longer a dedicated nurse to assist with education and referrals to online programs.  
Both provider lack of awareness of national guidelines for prediabetes management, poor knowledge of DPPs and lack of DPPs in close proximity to clinic practice sites have been shown to reduce referrals to DPP programs (Johnson & Melton, 2016; Nhim et al., 2018).  Providers in this project  were somewhat more aware of the Prevent Diabetes STAT toolkit, although not statistically significantly, after implementation, therefore it is difficult to make a statement if awareness level of DPP programming was linked to the lack of referrals or rather was it lack of a DPP within close proximity to the clinic.  A recent study by Keck et al. (2019) demonstrated low awareness of DPP amongst providers and furthermore that none these providers reported referring most of their patients to a DPP, this is despite a DPP co-located in the same building as the family practice clinic and a second site available at the local health department.  This indicates that close proximity of a DPP to the clinic site is not sufficient to ensure adequate utilization of DPPs.  Ideally, DPPs should be located within the community, but most importantly, providers must be aware of these programs and patients must be referred.      
Beside lack of community resources, in particular DPPs, as a barrier to referral to programs, one provider conveyed concern that patients lacked interest in lifestyle modification and this would be an obstacle for referring.  These sentiments are echoed by Vermut et al. (2012) with 12% of providers reporting patient lack of motivation as a barrier to implementing a DPP.  
Barriers identified by patients in this study for participation in a DPP are similar to those found in the literature, with concern over the time commitment reported by the majority surveyed.  Besides time commitment, cost of programing, transportation, and patients’ lack of knowledge of programs were all identified as barriers that would affect participation in a DPP in previous studies (Johnson & Melton, 2016; Thomas et al., 2018).  Both “cost of programming” and “transportation” were identified as patient barriers in this study as well.  In addition, the location of the DPP (distance patient would have to travel) was seen as another top priority by patients with nearly half expressing concern.  
Interpretation of the Outcomes Related to Clinical Practice
The Prevent Diabetes STAT initiative developed in partnership by the AMA and CDC supports national guidelines for best practice for prediabetes management.   Providers in this study had testing rates for prediabetes comparable or higher to that found in the literature which resulted in more patients being aware of their prediabetes condition.  If this process was a part of routine clinical practice, then clinical guidelines would continue to be followed in terms of screening and testing.  However, a local or online DPP must be available in order to successfully refer patients to ILI as recommended in in the guidelines.  DPPs have been proven to be successful at preventing diabetes (Ackerman et al, 2008; Knowler et al., 2002; Ma et al., 2013, & Sepah et al., 2014).  DPPs have also been shown to reduce medical spending and have positive return on the initial investment within 3 years (Vojta et al, 2013).  Nonetheless, DPPs continue to be underutilized.  Possibly the cost of developing a DPP has prevented organizations or communities from implementing programs.  Fortunately, changes to reimbursement have occurred and CMS currently covers this service for patients that qualify with Medicare Part B (MDDP Expanded Model, n.d). 
 Situating a DPP within the community, or making DPPs accessible online, is important for successful diabetes prevention.  It is also fundamental that referring providers are aware of DPPs and diabetes prevention guidelines and toolkits.  Finally, the process for referring patients to a DPP must be efficient.  Studies have demonstrated effective use of the electronic health record for improving DPP utilization.  Mensa-Wilmot et al. (2017) describe successful referral mechanisms to state health department DPPs which include: providing feedback to providers on referral status, linking DPPs to referring clinics or having the DPP attached to the primary care clinics, and integrating prediabetes clinical measures in to the electronic health record.  In addition, the authors recommend coverage of DPPs through work place wellness programs and cite that state employees in Minnesota were offered coverage of the national DPP as a benefit through the State Employee Group Insurance Program (Mensa-Wilmot et al., 2017).  A study that analyzed referrals to a YMCA community based DPP demonstrated an increase in referrals after modification of the electronic health record system, increasing referrals from 0-2 per month up to 5-11 per month during the study period.  The modifications to the electronic health record system included flagging eligible patients with prediabetes and development of an easy to use order set for referring patients to the YMCA DPP (Chambers et al., 2015).  These studies show promise that integrating screening for prediabetes and referral to DPPs into the electronic health record could help prevent diabetes. 
Limitations of this Study
	There are limitations in the generalizability of the results of this quality improvement project.  First, the patient sample for this study is derived from a fairly homogenous population.  According to the U.S. Census Bureau, 96.6% of residents in Warren County, IA report their race as white or Caucasian (Quick Facts Warren County IA, n.d.)  Therefore, the process may not be applied successfully in a clinic that serves a more diverse population.  
	In addition, not all patients that completed the CDC prediabetes risk test self-reported their prediabetes status.  Possibly they were unsure of their diagnosis.  This makes is more difficult to accurately compare prediabetes awareness of this patient sample compared to the literature, as well as comparison of prediabetes awareness and actual prediabetes diagnosis within this study.   Furthermore, this project could have been more successful with increased patient participation.  Not every patient that was eligible (adults 18 and older without diabetes diagnosis presented for a provider visit) for the study was screened during the implementation of this project.  More patients participated when this author was present in the clinic.  Increasing the sample size could have increased the power of the study. 
Another limitation is that the study was not designed to determine if high risk patients were tested for prediabetes due to implementation of the screening tool, the CDC prediabetes risk test.  It cannot be determined if providers tested patients based on the risk test results or because of their own clinical judgment.  In order to determine to what extent screening with a risk test improves testing for prediabetes, further investigation is needed either through a randomized control study or a study analyzing testing high risk patients before and after implementation of a prediabetes risk test. 
Finally, the lack of resources for diabetes prevention within the community made it difficult to follow through with referring to DPPs as encouraged by the Prevent Diabetes STAT initiative.  Having a dedicated nurse educator or coordinator to assist with initial prediabetes education and referral to DPPs would be beneficial.  This project was initially designed to utilize the nurse care coordinator as a resource in the clinic for assisting with referrals to DPPs, with the anticipation that most would not attend a DPP outside of the community but may be interested in online programs which the nurse care coordinator could assist with connecting to those resources.  Unfortunately, with the role change of this position in the clinic, more responsibility for education and referral falls back on the primary care provider.
Future Implications
	Results demonstrate that implementation of the Prevent Diabetes STAT process in this family practice clinic reveals prediabetes unawareness and, furthermore, that using the CDC prediabetes risk test to screen patients may improve testing and awareness of prediabetes.  However, further evaluation is needed to explore ways of improving provider awareness of this initiative.  One on one meetings with the providers were completed, yet there was not a significant improvement in provider awareness of the Prevent DM STAT initiative.  Possibly group meetings, monthly meetings or flyers posted in the clinic would be helpful. 
	Further study is also needed to truly ascertain if the CDC prediabetes risk test improves testing for prediabetes further studies are needed.  The design of this quality improvement project did not allow for discerning if the increase in testing for prediabetes, compared to some studies in the literature, was an increase from baseline.  And if there was an increase in testing, was this due to the CDC risk test or by provider clinical judgment. 
	Further investigation is also needed to address DPP referral and participation once a DPP is available in the community.  It will be important to evaluate how many patients participate in online and in-person DPPs and help mitigate barriers to improve utilization of these programs.  In addition, the process for referring patients to these DPPs could be investigated, such as imbedding the screening and referral process into the electronic health record.  Finally, if the Prevent Diabetes STAT process continues to be utilized in this clinic setting, patient outcome measures could be monitored, such as number of patients with a new diagnosis of diabetes.  
Suggested Next Steps
	The results of this project lead to several avenues that should be explored.  The need for implementation of a DPP within this community is necessary, as is ensuring proper utilization of the resource to best promote patient outcomes.  	
	Public health department.  At the time of this writing, a DPP is being developed with the community and in close proximity to the clinic.  The results of this project have been disseminated to the director of the Warren County Health Department (WCHD) to inform their development of DPP in regards to interest from eligible patients and expected barriers to participation.  The providers who participated in this study have been informed of this new development and provided information from the Prevent Diabetes Stat website for tools for referral to this program.  It will be important to continue to educated providers on the national guidelines for diabetes prevention and ensure they have a high level of awareness of this newly formed DPP.  An important piece of information that was also conveyed to potential referring providers is that the DPP will be offered free of charge to patients for this first year only.
	Utilize the electronic health record to improve patient outcomes.  With implementation of a community based DPP, it must be considered a priority to ensure adequate utilization of this resources.  Studies in the literature demonstrates the effectiveness of imbedding screening and referral processes for prediabetes into the electronic health department.  The DPP based at WCHD must demonstrate success within the first year in order become certified.  Therefore, in order for this resource to become sustainable, it must be used and is must be successful.  Contacting the informatics team for the electronic health record systems used within the organization is in progress and is a vital step for preventing diabetes in this particular clinic but also for the community as whole.   
	Utilization of resources within the organization.  Another avenue to explore is utilizing existing resources within the organization.  This particular healthcare organization has a diabetes education center.  However, this center does not offer prediabetes education services.  Work is in progress to inform the diabetes education center of new opportunities for billing for diabetes prevention.  An opportunity to develop an online DPP for patients and employees of the healthcare organization exists with little change needed for infrastructure.  In addition, the patient portal and employee intranet already exist with proper security in place to hold online health coaching meetings. 
	Expansion within the organization.  Steps could also be taken to expand the Prevent Diabetes STAT process into other family practices and internal medicine clinics within the organization.  All clinics within this organization utilize the same electronic health record and therefore if the process was imbedded, all would have access.  However, not all clinics will have DPPs in close proximity to the clinic.  If the organization’s diabetes education center would develop an online DPP, that would greatly improve access for patients in all clinics within the organization across the Midwest. 
Conclusion
	Identifying prediabetes and preventing diabetes was recognized by the providers in this study as an important part of their clinical practices and aligns with the priorities and guidelines set forth by international and national health organizations.  Many of the providers reported the process was simple and easy to implement.  In addition, the project highlighted that many patients were unaware of their prediabetes status and the CDC risk test provided an opportunity to discuss prediabetes, focus on the at-risk population, and potentially increase testing and awareness of prediabetes for this patient population.  Furthermore, the CDC risk test positively correlated with increasing FPG levels and could be considered for routine use in the clinic setting for assessing diabetes risk status.  However, in order for this process to be sustainable, it must remain practical and valuable.  If the process can be imbedded into the EHR, it could save nurses, CMAs and primary care providers valuable time while reinforcing adherence to clinical guidelines that improve patient outcomes.  
	The addition of a DPP in the community through the public health department will require increased collaboration between this resource and the clinic as well as adequate provider awareness of this resource.  If patients are successful in the local DPP program this will further support this screening, testing and referral process in this family practice clinic.   Success will hinge on adequate referral by primary care providers and utilization of this resource by patients.  Further support would come from seeing positive patient outcomes in terms of decreased number of new cases of diabetes in this family practice clinic. 
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	Patient Demographic Data
	
	
	

	Age Range
	Response
	n
	%

	60 years or older
	107
	230
	46.5

	50-59 years
	48
	230
	20.9

	40-49 years
	23
	230
	12.2

	Younger than 40
	52
	230
	22.6

	Gender
	
	
	

	Female
	124
	230
	53.9

	Male
	106
	230
	46.1

	Body Mass Index
	
	
	

	Normal (BMI Less than 25)
	40
	230
	17.4

	Overweight (BMI 25-less than 30)
	79
	230
	34.3

	Moderately Obese (BMI 30 to less than 40)
	86
	230
	37.4

	Severely Obese (BMI 40 or higher)
	25
	230
	10.9

	Physical Activity
	
	
	

	Yes
	171
	230
	74.3

	No 
	59
	230
	25.6

	Past Medical/Social History
	
	
	

	Gestational Diabetes
	6
	124
	4.8

	Hypertension
	98
	230
	42.6

	Family History Hypertension
	63
	230
	27.4


Table 1: Patient Demographic Data 



Table 2: Prediabetes Risk Test, Screening Action Questions and Lab Results
	
	response
	n
	%

	Self-reported prediabetes
	36
	206
	17.5%

	Positive prediabetes high risk test score (5 or higher)
	137
	230
	59.6%

	          Tested or prediabetes status known to provider
	75
	137
	54.7%

	          High risk and tested with A1C and/or FPG
	65
	137
	47.4%

	          Known Prediabetes
	10
	137
	7.3%

	          Missed Opportunities
	34
	137
	24.8%

	                    No action taken
	21
	137
	15.3%

	                    Insufficient time
	10
	137
	7.3%

	                    Patient declined testing
	3
	137
	2.2%

	          Negative PD lab test known to provider
	28
	137
	20.4%

	Total A1C lab test ordered
	28
	230
	12.2%

	Total FPG lab test ordered
	80
	230
	34.8%

	Positive lab test for prediabetes
	60
	230
	26.1%

	          Positive lab test during study
	43
	230
	18.7%

	          Positive lab test known to provider
	17
	230
	7.4%





Table 3: Diabetes Prevention Program Patient Preferences and Barriers
	Diabetes Prevention Program Results
	response
	n
	%

	Number of DPPs in 25-mile radius of clinic
	0
	
	

	Number referred to a DPP
	0
	60
	0.0%

	Number of follow up phone calls
	27
	44
	61.4%

	Patient Preference
	
	
	

	          In-person program
	17
	27
	63.0%

	          Online program
	14
	27
	51.9%

	Barriers
	
	
	

	          Time constraints
	15
	27
	55.6%

	          Distance/location
	12
	27
	44.4%

	          Cost
	5
	27
	18.0%

	          Other
	14
	27
	51.9%

	               "Do on own"
	5
	27
	18.5%

	               Transportation
	2
	27
	7.4%

	               "Numbers not that high"
	2
	27
	7.4%

	               Weather concerns
	2
	27
	7.4%

	               Snowbirds
	2
	27
	7.4%

	               Did not specify
	1
	27
	3.7%

	Knowledge of insurance coverage
	3
	27
	11.1%





Table 4:  Provider Pre and Post Survey Results
	
	Provider Survey Questions
	Pre
	Post
	P-value

	Q1
	Screening for prediabetes is an important part of my practice
	1.2
	1
	0.20

	Q2
	There is insufficient time to screen and test all patients who are high risk for developing prediabetes
	3.2
	3
	0.80

	Q3
	I am aware of the Prevent Diabetes STAT Toolkit
	3.6
	2.8
	0.20

	Q4
	I refer patients with prediabetes to a CDC recognized diabetes prevention program
	3
	4
	0.03

	Q5
	I am aware of the CDC recognized diabetes prevention programs in a 50-mile radius of the clinic and online programs
	2.8
	2.8
	0.50


    Strongly Agree=1 	   Agree=2	 Neutral=3    	Disagree=4	 Strongly Disagree=5


Figure 1:  Histogram depicting CDC prediabetes risk test results



Figure 2: Fasting Plasma Glucose and CDC prediabetes risk test linear regression graphy=2.5X + 84.9
P<0.001, R2=0.147, n=80






Appendix A: 
The following will be added to the prediabetes risk test below. The highlighted information will be removed and shredded after data is collected so the data is de-identified.

Patient Name:						Patient Date of Birth:               

Date of office visit: 

1. Do you have diabetes?   YES  	NO

If YES, stop.  You do not need to complete the risk test.

If NO, please complete the prediabetes risk test below.


2. Do you have prediabetes?  YES     	NO         

If YES or NO, please complete the prediabetes risk test below: 

[image: ]


Appendix B:  Screening Action Questions

Providers-please answer the following questions for patients who completed the prediabetes risk test:

1. Ordered lab test?        YES:         A1C          FPG 
   
                                                   NO: 
          
 
2. If NO, please select from the following:

a) Patient declined testing


b) Prediabetes status already known


c) Insufficient time to address 


d) No action taken at this time 


3. Did you refer to a Diabetes Prevention Program today based on known prediabetes status?

	         YES       NO

Appendix C:  Prevent Diabetes STAT Provider Information
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Appendix D:  Diabetes Prevention Program Referral Resources

Locations within 50 miles of 50125 (updated 7/17/2019)
Lincoln Center Hy-Vee Diabetes Prevention Program
640 Lincoln Way
Ames, IA 50010
(515) 232-1961
  48.8 miles from 50125 

Lucas County Public Health
123 S. Grand St.
Chariton, IA 50049
(641) 774-4312
  25.4 miles from 50125 

West Ames Hy-Vee Club Room
3800 Lincoln Way
Ames, IA 50014
(515) 292-5543
  49.1 miles from 50125 

Mary Greeley Medical Center - Diabetes and Nutrition Education Center
1111 Duff Ave.
North Addition 3rd Floor
Ames, IA 50010
(515) 956-2880
  49.7 miles from 50125

Online National Providers (as of 5/31/2019) 

Blue Mesa Health Inc.
311 W 43rd St.
New York, NY 10036
(888) 345-2425
http://bluemesahealth.com
  Online Program 

Cappa Health Inc
8900 E Pinnacle Peak Rd.
Ste. E200
Scottsdale, AZ 85255
(866) 439-7747
http://www.cappahealth.com
  Online Program 

Fruit Street Health
85 Broad St.
Manhattan, NY 10004
(845) 532-8355
http://www.fruitstreet.com
   Distance Learning Program 

Good Measures LLC
60 State St.
Suite 700
Boston, MA 02109
(888) 320-1776
http://www.goodmeasures.com
  Online Program 

Hope 80-20
2906 N Ocoee St.
Cleveland, TN 37312
(877) 836-9355
http://www.hope8020.com
  Online Program 

IMB LLC
615 Second Avenue
Suite 150
Seattle, WA 98104
(425) 894-7009
http://www.healthslate.com
  Online Program 

Lark
2570 W El Camino Real
#100
Mountain View, CA 94040
(855) 500-5275
http://www.lark.com
  Online Program 


Omada Health
500 Sansome St., Suite 200
San Francisco, CA 94111-2323
(888) 987-8337
http://www.omadahealth.com
  Online Program 



Appendix E:  Provider Survey 
Screening and Referral for Prediabetes in Family Practice Clinic:  
Provider pre and post implementation survey.

Please circle the response that you agree with most.

1. Screening for prediabetes is an important part of my practice.

Strongly Agree 	Agree		Neutral		Disagree	Strongly Disagree

2. There is insufficient time to screen and test all patients who are high risk for developing prediabetes.

Strongly Agree 	Agree		Neutral		Disagree	Strongly Disagree
 
3. I am aware of the Prevent Diabetes STAT toolkit.

Strongly Agree 	Agree		Neutral		Disagree	Strongly Disagree


4. I refer patients with prediabetes to a CDC recognized diabetes prevention program.

Strongly Agree 	Agree		Neutral		Disagree	Strongly Disagree


5. I am aware of CDC recognized diabetes prevention programs in a 50 mile radius of the clinic and online programs. 

Strongly Agree 	Agree		Neutral		Disagree	Strongly Disagree


Please comment on barriers that you have encountered for screening patients for prediabetes and/or referring patients with prediabetes to an intensive lifestyle intervention program, such the Diabetes Prevention Program:


Appendix F:  Patient Follow Up Telephone Call Survey 

Script:
“Hello.  My name is                 and I am a nurse practitioner student calling from the UnityPoint Family Medicine clinic in Indianola.  At a recent visit, you were asked to fill out a prediabetes risk test.  Do you have time today to answer a few questions about this?  Your answers are anonymous and help us to improve our process for screening and treating for prediabetes”


1. Were you given information about a diabetes prevention program?								Yes	No

2. If yes, did you participate in a diabetes prevention program?  		Yes	No

3.  If you answered no to question 2, what barriers kept you from participating in a diabetes prevention program?

A) Time Constraints/Schedule
B) Cost of Program
C) Distance/Location of Program
D) Not interested in an online program
E) Other

4.  If yes, what made you decide to participate in a diabetes prevention program?

5.  If yes, how did you benefit from participation in a diabetes prevention program?





Appendix G:  Post project provider survey
 
Please leave your comments regarding the implementation of this quality improvement project, its helpfulness with managing prediabetes in your practice, and the sustainability of the process in the clinic.  

 
Appendix H:
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Appendix I: 
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