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ABSTRACT 
 

Background: Prediabetes and diabetes are major public health problems. Diabetes is 

one of the ten leading causes of death in Arizona. The Centers for Disease Control and 

Prevention (CDC) report that at least 84 million U.S. adults (33.9%) ages 18 and older 

have prediabetes or at risk for type 2 diabetes. The CDC also reports that Medicaid 

beneficiaries are among the group at greatest risk for prediabetes. The National Diabetes 

Prevention Program (DPP), a widely accepted evidence-based program aims at reducing 

the risk of type 2 diabetes through lifestyle modifications and behavior change. Although 

the DPP has been proven to delay the onset of type 2 diabetes, very few states in the 

United States have adopted diabetes prevention policies to offer the DPP as a covered 

benefit for Medicaid beneficiaries. Given the multiplicity of factors that underpin the 

support and enactment of public health policies, researchers must take an integrated 

approach to understanding the data-driving decisions of legislators and policymakers. 

The overall objective of this dissertation is to generate the necessary data to inform 

diabetes prevention policy in Arizona. We hypothesize that Arizona legislators and key 

policymakers are likely to support diabetes prevention policies that will reduce the burden 

of disease, are cost-saving, and align with constituency personal narratives and values. 

To test this hypothesis, the following four aims will be explored in this dissertation: Aim 1: 

Estimate the prevalence of prediabetes in the state of Arizona using commercial 

laboratory diagnostic data from 2012-2017; Aim 2: Project the economic net-cost savings 

of a diabetes prevention intervention in Arizona; Aim 3: Conduct a case study on the best 

practices from the states of Vermont, Minnesota, California, and Montana with successful 
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diabetes prevention coverage policies; and Aim 4: Understand high-level processes of 

decision-making concerning diabetes prevention  through the lens of the Arizona State 

Legislature.   

Methods: Employing the National Academy of Sciences, Assessing Prevalence and 

Trends (ATP) framework, prediabetes age-adjusted (2000 U.S. Standard Population) 

prevalence rates were calculated using 2012-2017 commercial laboratory data from 

Sonora Quest Laboratories, LLC. (SQL). Prediabetes cases were selected if they met 

one of the clinical criteria for prediabetes as defined by the American Diabetes 

Association 2018 Standards of Medical Care in Diabetes: HbA1C = 5.7-6.4%, fasting 

glucose = 100-125 mg/dl; or oral glucose tolerance test (OGTT) = 140-199 mg/dl. To 

eliminate prediabetes cases with multiple laboratory screenings, cases were selected 

based on patient’s most recent laboratory test. Chi-square (χ2) tests were performed to 

test for statistically significant differences in age-adjusted prevalence of prediabetes by 

sex. Data were managed and analyzed in SAS 9.4. Applying a theoretical cost model, the 

economic cost-savings for the DPP were estimated using the prediabetes age-adjusted 

prevalence estimates, net-costs of the DPP and the total medical expenditures for those 

with and without a DPP intervention in Arizona as input indicators. James E. Anderson 

five-stage conceptual policymaking framework (1. Policy identification, 2. Policy 

formulation, 3. Policy adoption, 4. Policy implementation, and 5. Policy evaluation) guided 

the case study methodology of this dissertation. Key informants (N=10) from the Diabetes 

Prevention and Control and Medicaid programs from the states of Vermont (n=2), 

Minnesota (n=4), California (n=2), and Montana (n=2) were recruited via email and 
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telephone for qualitative in-depth interviews. Interviews were transcribed and coded for 

thematic policy analysis and analyzed in NVivo-10. A 10-item mixed-survey was 

constructed in Qualtrics® and administered to members of the Arizona State Legislators 

(N=90; 30 Senators and 60 House of Representatives) via email and in-person. Survey 

responses were analyzed in Qualtrics®. 

Results: For those referred for prediabetes testing to SQL, the aggregate 2012-2017 

age-adjusted prediabetes prevalence in Arizona was 19.7% (95% CI 19.6-19.8), 21.8% 

(95% CI 21.7-21.9) for men, and 18.2% (95% CI 18.2-18.3) for women. Analysis using χ2 

test determined a statistically significant difference in age-adjusted prediabetes 

prevalence by sex (p<0.001). Out of 380,702 individuals that would benefit from a DPP 

intervention, a theoretical cost model estimated approximately $4.3 billion in medical 

costs-savings, and $3.6 billion net cost-savings at year 1 of the DPP compared to those 

with no DPP intervention. Over a ten-year period, the net cost-savings were estimated at 

$4.2 billion. Based on Anderson’s framework for policy process, four themes emerged 

through the key-informants: 1. Strategic partnerships, 2. Federal and state financial 

support for DPP implementation, 3. Institutional leadership support by Health and 

Medicaid Departments, and 4. Health care and reimbursement payment models of the 

DPP. The Arizona State Legislature sought advocacy groups, certified diabetes 

educators, and legislature leadership as integral to supporting evidence-based diabetes 

prevention policies. Advocacy groups were identified as an ‘extremely influential’ factor, 

while fiscal impact was deemed as a ‘very important’ factor whether a diabetes related 

bill passes or fails within a given legislative session. 
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Conclusions: The mining of commercial diagnostic laboratory data may be powerful to 

enhancing existing surveillance systems that estimate the prevalence of prediabetes. The 

DPP in Arizona is shown to produce medical-savings and overall net-costs savings to the 

economy of Arizona. The enactment of diabetes prevention policies at the state level are 

complexed and multifaceted. Policymakers may generate informed decisions concerning 

diabetes prevention policies in Arizona through an array of stakeholders comprised of 

advocacy groups and coalitions, while also supporting evidence-based policies that are 

fiscally conservative and that address the social determinants of public health in relation 

to diabetes.  

Policy recommendations: Evidence-based public health policies are key in preventing 

the rise of type 2 diabetes in Arizona and warrants attention from policymakers as well as 

diabetes advocacy groups and coalitions. It is imperative that Arizona’s Medicaid system 

supports the implementation of a reimbursement/coverage policy for the DPP to ensure 

the sustainability of evidence-based prevention programs to help curb the incidence of 

type 2 diabetes, in addition to utilizing large commercial laboratory diagnostic data to 

estimate the burden of prediabetes in Arizona. 
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CHAPTER 1 

INTRODUCTION  

1.1. Background 

Diabetes is the 6th leading cause of death in Arizona. Diabetes mellitus is a chronic 

disease in which the body is unable to utilize blood glucose for metabolic and biochemical 

processes. Racial/ethnic minorities in Arizona are disproportionately impacted by higher 

rates of diabetes, compared to their non-Hispanic white counterparts. Evidence-based 

public health diabetes prevention interventions like the National Diabetes Prevention 

Program have shown to reduce the risk of type 2 diabetes significantly in individuals who 

engage in modifiable lifestyle behaviors, such as health eating and increased physical 

activity. Furthermore, public health diabetes prevention and control efforts are a strong 

force to minimizing the burden of diabetes in community settings and delaying the 

development of secondary complications due to diabetes. 

In 2016, approximately 10.8% of Arizona’s population was diagnosed with 

diabetes, slightly surpassing the national prevalence rate of 10.5% (Contreras & 

Sandoval-Rosario, 2018). Eight out of the fifteen Arizona counties exhibited higher rates 

of diabetes than the state prevalence. According to the Behavioral Risk Factor 

Surveillance System (BRFSS), there was an approximate 10% increase in people 

diagnosed with diabetes from 2011 to 2016 in Arizona (Contreras & Sandoval-Rosario, 

2018). When considering that a third of the population with diabetes is undiagnosed, it is 

not unreasonable to estimate that there are nearly 600,000 adults with diabetes in 

Arizona. There are about 30.3 million people diagnosed with diabetes in the United States 
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or 9.4% of the adult population; approximately 1 out of every 11 people (Centers for 

Disease Control and Prevention, 2017a). One major risk factor for diabetes is 

prediabetes. Prediabetes is a condition in which blood sugars are elevated, as measured 

by a Fasting Plasma Glucose (FPG) or Hemoglobin A1c test, but not elevated enough to 

be diagnosed with diabetes. The Arizona Department of Health Services (ADHS) 

estimates that in 2016 the prevalence of prediabetes was 10.8% (the most current survey 

data for prediabetes) (Contreras & Sandoval-Rosario, 2018). Although the surveillance of 

diabetes is important for the acquisition of federal appropriations to the state of Arizona 

to combat this growing epidemic, curtailing type 2 diabetes requires public health 

interventions at the prediabetes stage and legislative action to ensure individuals at risk 

do not develop this disease. 

1.1.1. The National Diabetes Prevention Program (DPP) 

The National Diabetes Prevention Program (DPP) clinical trial established that type 

2 diabetes can be prevented or delayed through lifestyle modifications that include 

healthy eating and increased physical activity among individuals with prediabetes 

(Diabetes Prevention Program Research Group, 2002). If untreated, 37% of individuals 

with prediabetes will develop diabetes in 4 years (Tuso, 2014). Type 2 diabetes can be 

prevented through lifestyle modifications that include healthy nutrition, increased physical 

activity, and weight management. A DPP feasibility study conducted in 355 at-risk 

diabetes participants across four health facilities in Montana showed improvements in 

physical activity (≥150 mins per week) and met the 7% weight loss goal as designed by 

the DPP clinical trial (Amundson et al., 2009). Furthermore, a systematic review of seven 
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randomized control trials indicated that lifestyle interventions decreased the risk of 

diabetes even after 10 years post intervention (Schellenberg, Dryden, Vandermeer, Ha, 

& Korownyk, 2013). The DEPLOY randomized study among YMCAs demonstrated that 

the YMCA was a promising vehicle to delivering the DPP lifestyle intervention in the 

community (Ackermann, Finch, Brizendine, Zhou, & Marrero, 2008). Participants of the 

DEPLOY study showed that through a lifestyle intervention delivered by trained wellness 

coaching achieved a 6% reduction in body weight and reductions in total cholesterol 

(Ackermann, 2008). The feasibility of culturally-grounded community-based diabetes 

prevention programs have also been tested in high-risk populations (Davis-Smith et al., 

2007; Kramer et al., 2010; Shaibi, Greenwood-Ericksen, Chapman, Konopken, & Ertl, 

2010; Shaibi et al., 2012; Hingle et al., 2015). Other diabetes prevention interventions 

ranging from 6-24 weeks across different settings yielded improvements in metabolic 

syndrome components and physical activity, as well as significant weight lost (Jackson, 

2009). Translating the research from diabetes interventions to the real world may require 

adaption to ensure their sustainability and cost-effectiveness (Vojta, De Sa, Prospect, & 

Stevens, 2012). 

1.1.2. Economics of the DPP 

Prediabetes annual health care spending could rise to $512 billion by 2021, with a 

cumulative cost of $3.5 trillion when coupled with diabetes (Vojta et al., 2012). Differences 

between direct and indirect costs to treat an individual with prediabetes vs. an individual 

with diabetes is estimated to be about $7,000 per year (Tuso, 2014). A study among 

Medicare patients suggested that a lifestyle intervention at the age of 50 reduces the 
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incidence of diabetes by 37% by age 65 (Ackermann et al., 2008) and provides financial 

return on investment for Medicare and private payers. Further, prevention programs could 

lead to even greater cost-savings and achieve better health outcomes when implemented 

among individuals younger than 65 (Zhuo et al., 2012). Lessons learned from the 

Medicare population can be applied to understand diabetes prevention and implement 

diabetes prevention policy changes for younger and the Medicaid populations. Failing to 

address prediabetes could result in higher costs for the Medicaid and younger populations 

(Ormond, Spillman, Waidmann, Caswell, & Tereshchenko, 2011). Economic benefits of 

implementing a diabetes prevention program in community settings within a 25-year time 

frame indicated a net-savings of $5.7 billion nationwide (Zhuo et al., 2012). To sustain 

diabetes prevention initiatives in community settings, these programs must be 

accompanied by economic costs analyses to inform policymaking and be viable for 

integration into the healthcare system (Williamson, Vinicor, & Bowman, 2004) to provide 

services and programs that are billable and reimbursable (Amundson et al., 2009). Given 

that diabetes prevention represents a strategy for improving health, reducing costs, and 

increasing quality of life, it is an opportune time to explore the applicability of public health 

policies to support evidence-based diabetes prevention programs at the state level.  

1.1.3. Legislative support for evidence-based public health policies 

Previous studies have shown that state legislators are more willing to support 

policies that do not negatively impact other state-funded programs, reduce expenditures, 

show cost-savings, and promote a positive fiscal impact on implementing the proposed 

policy or legislation (Canfield-Davis, Jain, Wattam, McMurtry, & Johnson, 2010; Canfield-
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Davis & Jain, 2010). Moreover, policies that address public health problems of great 

magnitude where disease burden is evident and the potential for benefit extends beyond 

their individual constituency are more likely to be supported. However, legislators also 

consider the political context when proposing, endorsing, or enacting policies. Factors 

include political party affiliations, personal values, election cycles, and special interest 

groups/campaign organizations (Shin & McCarthy, 2013; Brownson et al., 2011; Sorian 

& Baugh, 2002). Public health practitioners are vital in changing the political context and 

paradigms on legislators by raising awareness of public health policies and its effect on 

their constituency.  Additionally, the feasibility of enacting public health policies is often 

linked to the cost of implementing the policy, the likelihood for continued resource 

availability for the implementation of the policy, and the probability of implementing the 

policy within a given political cycle (Clarke, Swinburn, & Sacks, 2016). These key factors 

are vital for policy adoption. Policymakers are also interested in data that show public 

support on a particular issue, demonstrate priority for constituency over other issues, 

show relevance at the local voting district level, and information that personalizes the 

issue through a compelling story of how people’s lives will be impacted through the 

proposal of policies and legislation (Brownson, Royer, Ewing, & McBride, 2006). Of 

relevance to health policymakers, data that includes disease trends, morbidity and 

mortality rates, economic burden and costs, and personal narratives are important when 

it comes to supporting public policies (Brownson et al., 2006; Brownson, Chriqui, & 

Stamatakis, 2009a; Brownson et al., 2011; Niederdeppe, Robert, & Kindig, 2011). This 
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dissertation will explore what factors may be important for informing Arizona legislators 

on diabetes prevention evidence-based policies. 

1.2. Dissertation significance 

Medicaid health plans are incentivized to promote health and wellness by ensuring its 

members have access to preventive services and access to primary care. Diabetes 

prevention education fails to make the list of such preventive services within most major 

Medicaid health plans. While Medicaid systems are regulated by state powers, changes 

or amendments for the provision of essential healthcare services that are not mandatory 

by Federal Law may need approval through State Legislature (Centers for Medicaid and 

Medicare Services, 2019). To this date, Vermont, Montana, Minnesota, California, New 

Jersey, New York, and Texas have successfully passed legislation for the provision of the 

DPP by their respective Medicaid programs. Therefore, this project proposes to discern 

how these states were successful in garnering support from key stakeholders (including 

state specific Medicaid programs) and legislative personnel to institute diabetes 

prevention policies.  

Limited research has been conducted to ascertain how policymakers generate 

informed decisions to support scientific and evidence-based research public health 

policies. Government, through legislative action, has the primary responsibility to advance 

the public’s health by acting on behalf of the people (Gostin, 2000). Legislators are 

challenged with supporting policies that do not have substantive data that speaks to the 

root of the problem. In Arizona, this has become evident. The burden of prediabetes has 

not been fully analyzed by state level authorities, which generates barriers to measuring 
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the magnitude of the problem, therefore necessitating alternative data sources to 

enhance the surveillance of chronic diseases. To promote the coverage of diabetes 

prevention by Medicaid, this project will help determine that diabetes prevention as 

delivered through the DPP may have positive outcomes in curbing the growing healthcare 

expenditures related to diabetes. The analytical approach to this project will also augment 

the body of literature, as studies have not looked at the prevalence of prediabetes in 

Arizona. Moreover, studies in Arizona have not demonstrated the cost savings of 

investing in diabetes prevention. This project seeks to determine the economic impact 

and cost savings of diabetes prevention efforts in Arizona communities by a theoretical 

cost model established from peer-reviewed literature.  

1.3. Hypothesis and specific aims  

The general hypothesis guiding this dissertation is: Arizona legislators and key 

policy makers are likely to make decisions on diabetes prevention policies that are cost 

saving and have greater constituency reach. Collectively, the following themes will be 

important to decision makers:  

1. What is the burden of disease at the state level? 

2. What is the potential reach of a state-wide diabetes prevention policy?  

3. What are the cost savings of a diabetes prevention intervention?  

4. How would a state-wide diabetes prevention policy be supported through the 

Arizona State Legislature.  

To test this hypothesis, the following specific aims will be explored in this dissertation.  

Specific Aim 1: 
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Estimate the prevalence of prediabetes in Arizona by year over 10-year time 

period. 

The Arizona Health Information (HIE) is a robust technology platform of electronic 

health records that spans across 500 health care organizations in Arizona. Utilizing 

the HIE as a data conduit, the prevalence of prediabetes will be estimated using 

diabetes diagnostic data from SQL from 2012-2017. Letter of support for SQL data 

acquisition is found on Appendix A. 

Specific Aim 2:  

Project the economic impact of a state-wide diabetes prevention intervention 

in Arizona over a 1 year, 5 and 10-year horizon. 

A theoretical cost model will be employed for this specific aim, utilizing similar 

methodology from the Centers for Disease Control and Prevention, Diabetes 

Prevention Impact Toolkit to project the costs effects of the National Diabetes 

Prevention Program (DPP). Prediabetes prevalence estimates calculated in Aim 1 

will be selected as one of the input indicators to estimate the economic impact of 

diabetes prevention over a 1 year, 5 and 10-year horizon.   

Specific Aim 3: 

Conduct a case study of best practices from the states of Vermont, 

Minnesota, California, Montana, New Jersey with enacted diabetes 

prevention coverage policies within their Medicaid systems. 

Conduct key informant interviews with key staff from the Diabetes Prevention and 

Control and Medicaid programs from each state to determine best practices for 
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proposing, supporting, and enacting diabetes prevention policies. Key informant 

interview questionnaire can be found in Appendix B. 

Specific Aim 4: 

To construct and administer a survey instrument for and to the Arizona State 

Legislators to determine what factors inform their decision in supporting 

evidence-based diabetes prevention policies. 

A structured survey instrument will be developed and disseminated on-line and in-

person to members of the Arizona State Legislature (N=90), comprised of 30 State 

Senators and 30 State House Representatives. A copy of the survey can be found 

in Appendix C. 

1.4. Conceptual framework 

The National Academy of Sciences, Assessing Prevalence and Trends (APT) 

framework will provide a conceptual process to apply and interpret prevalence estimates 

of prediabetes in Arizona. (Figure 1). To determine the policy processes undertaken by 

these states, a case study will be carried out to identify the impetus for proposing policy 

changes for DPP by examining the key stakeholders involved, and what factors 

influenced policy decisionmakers within each state and Medicaid systems. James E. 

Anderson’s policy context framework (Figure 2) will guide the case analysis and key 

informant interviews to understand the policy process for each state (Anderson, 2014). 

Interview questions will be drafted according to the five elements in the policy process as 

identified by Anderson: formation, formulation, adoption, implementation, and evaluation.  
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Figure 1: Assessing prevalence and trends (APT) framework  

Source: (2016) The National Academy of Sciences Press.  
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Figure 2: James E. Anderson policy process conceptual framework 

Source: Anderson, J.E. Public policymaking. Cengage Learning.  
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1.5. Dissertation format 

This dissertation follows a publishable manuscript format with each chapter serving 

as an individual manuscript containing elements of each aim. Manuscript 1 (Chapter 2) 

includes the prevalence of prediabetes estimates, while outcomes of manuscript 2 

(Chapter 3) showcase the DPP cost analysis. Findings from the cost analysis will also be 

provided to members of organizations such as the American Diabetes Association and 

the Arizona Diabetes Coalition to support the development of a policy brief (not included 

in this dissertation) for advocacy and lobbying purposes. Manuscript 3 (Chapter 4) 

contains outcomes of the case study analysis of the states that have successfully 

proposed coverage policies for diabetes prevention. Manuscript 4 (Chapter 5) will serve 

as a descriptive manuscript detailing the assessment of the Arizona State Legislature and 

how legislators generate information in support of evidence-based diabetes prevention 

policies.    
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CHAPTER 2 

DIAGNOSTIC LABORATORY DATA MINING: AN ANALYTICAL APPROACH TO 

ESTIMATING THE PREVALENCE OF PREDIABETES IN ARIZONA, 2012-2017 

2.1. Introduction  

Diabetes is the 6th leading cause of premature death in Arizona (Contreras & 

Sandoval-Rosario, 2018). It is projected that 60.6 million (17.9%) of U.S. adults will be 

diagnosed with diabetes by the year 2060 (Lin et al., 2018) and prediabetes is an 

intermediate stage in the pathogenesis of the disease that is associated with an increased 

risk of developing type 2 diabetes (Bullard et al., 2013). Epidemiologists and chronic 

disease program managers at the national, state, and local health authorities are charged 

with the task of estimating the burden of prediabetes in order to develop and promote 

prevention approaches to reduce diabetes-related morbidity and mortality. Accurate 

statewide estimates of prediabetes and diabetes prevalence are necessary to support 

(Mardon et al., 2017) public health programs and are essential to policymakers planning 

for future health care expenditures and costs (Boyle, Thompson, Gregg, Barker, & 

Williamson, 2010). Surveillance systems, like the National Health Examination and 

Nutrition Survey (NHANES) and the Behavioral Risk Factor Surveillance System 

(BRFSS) are among the leading data systems used by national and state health entities 

to estimate population-level prevalence of prediabetes and diabetes.  

The NHANES since the 1960s has collected information on adults and children 

through physical interviews and examinations. In 1999, the NHANES became a 

continuous survey with data release every two years (Pierannunzi, Hu, & Balluz, 2013). 
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The NHANES uses a combination of both an in-person interview and a physical 

examination to determine the prevalence of major diseases and risk factors, including 

diabetes (Centers for Disease Control and Prevention, 2017b). To produce reliable 

statistics, the NHANES oversamples persons over the age of 60, as well as African 

Americans and Hispanic/Latinos. In contrast, the BRFSS is a state-based telephonic 

survey conducted annually by the Centers for Disease Control and Prevention (CDC) 

among 400,000 adults in the United States and its territories. For many states, the BRFSS 

may be the sole source of health risk behavior data available to policymakers and the 

only method to assessing the need of communities through the collection of disease 

indicators across various health conditions (Pierannunzi et al., 2013). Although the 

NHANES and BRFSS are two established surveillance systems, there is no standard 

system to estimate the prevalence of prediabetes. Therefore, it is important that 

secondary sources of data are identified and made available to public health leaders to 

ascertain the epidemiology of prediabetes. 

Health information technology has enhanced the ability of health professionals and 

clinicians to coordinate care across multiple providers and settings as well as support 

clinical decision making, population health management, patient-centered care, and 

surveillance of chronic and communicable diseases (Ahmad & Tsang, 2013). The Health 

Information Technology for Economic and Clinical Health (HITECH) Act signed into law 

in February, 2009 under President Obama was designed to allow the electronic health 

reporting and infrastructure of care systems in the United States to alleviate healthcare 

costs, improve the quality of care and enhance health IT efficiency (Blumenthal, 2009). 
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One of the initiatives under the HITECH Act was the Health Information Exchange (HIE). 

The HIE, a data repository that aggregates clinical data from laboratories, hospitals, 

medical practices, and other healthcare organizations, exchanges and connects 

inaccessible patient data and makes these data available to clinicians for complete patient 

information (Vest, 2009). Studies have shown that data harbored under the HIE have 

resulted in the reduction of emergency room visit and inpatient hospitalizations (Vest, 

2009) through the formal exchange of clinical patient information. The implementation of 

the HIE in Connecticut connected over 400 medical practices to a large hospital system, 

facilitated the exchange of laboratory and radiology, discharge summaries, and access 

to pharmacy data (Mattocks et al., 2007). Leveraging electronic health records and 

laboratory data is effective to improving the timeliness and completeness of data quality 

impacting the ability for agencies to respond to public health emerging (Dixon, McGowan, 

& Grannis, 2011; Haque et al., 2019) and prevalent diseases as well as documenting 

social determinants of health data that provide an opportunity to enhance population 

health at the state level (Hatef, Weiner, & Kharrazi, 2019). An inventory of the Wisconsin’s 

HIE showed that 21 organizations funded projects related to data usage for public health 

quality and surveillance (Foldy, 2006). Similarly, Kaelber & Bates concluded that 

laboratory data stored under the HIE may be a viable option to improving public health 

processes for surveillance and risk mitigation (Kaelber & Bates, 2007).  

Sonora Quest Laboratories, LLC. (SQL). is a commercial laboratory in Arizona that 

provides more than 60 million diagnostic testing services annually (Sonora Quest 

Laboratories, LLC., 2018). SQL conveniently has more than 70 Patient Service Centers 
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located throughout Arizona, where 90% of their testing occurs in the metropolitan Phoenix 

and Tucson areas, as well as more rural localities like Yuma, Prescott, and Flagstaff 

(Sonora Quest Laboratories, LLC., 2018). In addition, SQL contracts with most major 

health plans as well as offering payment options for patients who are 

underinsured/uninsured (Sonora Quest Laboratories, LLC., 2018). As the only 

commercial laboratory feeding data into the Arizona’s HIE, mining diabetes-related data 

from SQL is an opportunity to estimate the prevalence of prediabetes in the state using 

clinical rather than recall data. Given the paucity in the literature on the utility of statewide 

laboratory diagnostic data for public health surveillance, this cross-sectional study 

examines diabetes diagnostic data collected from SQL from 2012-2017 to estimate the 

prevalence of prediabetes in Arizona.  

2.2. Methods  

2.2.1. Prediabetes case definition 

Prediabetes cases were selected based on meeting one of the clinical criteria for 

prediabetes as defined by the American Diabetes Association (ADA) 2018 Standards of 

Medical Care in Diabetes (Table 1): Hemoglobin A1c (HbA1C) = 5.7-6.4%, fasting plasma 

glucose (FPG) = 100-125 mg/dl; or oral glucose tolerance test (OGTT) = 140-199 mg/dl. 

2.2.2. Statistical analyses 

To comply with patient confidentiality and Arizona health information organization 

law Ariz. Rev. Stat §36-3801, a request for deidentified data acquisition was sent to SQL, 

using the Arizona’s HIE as a conduit for data abstraction. A data request (Appendix A) 

and sharing agreement was established between SQL and the primary author of this 
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study. Deidentified diagnostic laboratory data was pulled (N=9,357,814) from 2012-2017. 

Data on biometrics or risk factors for prediabetes diagnosis, such as body mass index 

(BMI), blood pressure, cholesterol, and family history of diabetes were not available in the 

SQL dataset. Cases with a diagnostic test date outside the study period, those with 

missing age or age <15 years, and those with a listed residence outside of Arizona were 

excluded in this analysis. Prediabetes cases were selected based on the ADA clinical 

standards for prediabetes diagnosis (Table 1). Data were stratified by year, sex, and 

county. To eliminate prediabetes cases with multiple laboratory screenings or duplicates, 

cases were selected based on the patient’s most recent diabetes diagnostic laboratory 

test date in each of the six years. Prediabetes cases where sex was listed as “unknown” 

or “other” were included in the overall prevalence analyses, but not included for 

prevalence analysis by sex. All six-year stratums were aggregated into one dataset to 

calculate a composite prevalence of prediabetes from 2012-2017. Prevalence of 

prediabetes was age-adjusted using standard weights according to the 2000 standard 

population of Arizona for the age categories: 15-24, 25-34, 35-44, 45-54, 55-65, and 65+ 

years old. The population denominator was the total number of cases within each age 

group in the SQL that had any laboratory diagnostic test for diabetes. Data from OGTT 

were not available in the SQL dataset, therefore, they were not included in the analysis 

of this study. We tested differences in age-adjusted prediabetes prevalence in the sex 

category through chi-square (x2) analysis (Table 2). P values <0.05 were considered 

statistically significant. Data were managed and analyzed in SAS 9.4. This study was 
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reviewed and approved as exempt by the University of Arizona Institutional Review 

Board. 

2.3. Results 

The management and cleaning of data resulted in an overall sample size of 

N=8,911,725 (2012, n=112,264; 2013, n=687,819; 2014, n=1,016,436; 2015, 

n=2,116,467; 2016, n=2,485,208; 2017, n=2,493,531) for analysis. Removal of duplicates 

for those with multiple diagnostic testing for diabetes (2012, n=57,344; 2013, n=459,867; 

2014, n=618,807; 2015, n=1,398,754; 2016, n=1,673,655; 2017, n=1,688,265) resulted 

in population stratums as shown in Table 1 for prevalence analysis. The percentage of 

those with any type of diabetes diagnostic testing increased by age category in each year, 

with a higher percentage in the 65+ years category (Table 2). This paralleled the increase 

in population size by year. The mean age of the population ranged from 55.1 ± SD 18.4 

to 59.1 ± SD 15.8. Across all years, there was a higher percentage of females than males. 

In 2012 and 2013, HbA1c was the only prediabetes screening measure available in 

dataset. Beginning in 2014, 46.4% of those being screened for prediabetes had an FPG 

test. From 2015-2017, more than 70% of diabetes diagnostic testing were FPG. 

Unadjusted and age-adjusted prevalence of prediabetes increased by age-group, 

with those in the 65+ years categories exhibiting a higher prevalence (Table 3). The 

overall unadjusted prevalence of prediabetes was estimated at 25.5% (95% CI 25.5-25.7) 

and the age-adjusted prevalence was estimated at 19.7% (95% CI 19.6-19.8) across all 

years. There were statistically significant differences in prediabetes prevalence by sex 

across all 6 years (p <0.001), with males having an estimated higher prevalence than 
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females, with the exception of 2013 (Table 4). With all years combined, the age-adjusted 

prevalence of prediabetes for males was 21.8% (95% CI 21.7-21.9) and females 18.2% 

(95% CI 18.2-18.3). Plotting the age-adjusted prediabetes prevalence from the SQL 

against that of the Arizona BRFSS, estimates from the SQL showed prediabetes 

prevalence to be approximately two times more than the estimates of the Arizona BRFSS 

(Figure 3).  

Toward the latter years, age-adjusted prevalence of prediabetes was higher 

among those with an FPG test (Table 5). FPG prevalence of prediabetes at 20.3% (95% 

CI 20.2-20.4) did not change from 2016 and 2017. However, from 2012-2015 prediabetes 

prevalence for those with an HbA1c was higher than FPG, supporting HbA1c as a gold 

standard test for prediabetes diagnosis. From 2012-2017, the age-adjusted prevalence 

of prediabetes for those with an HbA1c test was 19.4% (95% CI 19.3-19.5) whereas those 

with an FPG was 19.7% (95% CI 19.6-19.8). 

Unadjusted and age-adjusted prevalence of prediabetes were estimated by 

Arizona counties (Table 6). The age-adjusted prevalence ranged from 14.9-25.3% across 

the fifteen counties, with Mohave (25.3%; 95% CI 24.9-25.6) and La Paz (25.1%; 95% CI 

23.8-26.4), two rural counties demonstrating the highest age-adjusted prevalence of 

prediabetes and Coconino county with the lowest (14.9%; 95% CI 14.6-15.3). Age-

adjusted prevalence for all counties was higher than the 2016 statewide prediabetes 

prevalence estimated by the BRFSS at 10.8% (Figure 4). 

2.4. Discussion 
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The present analysis provided an opportunity to examine the applicability of a new 

data source to estimate prediabetes prevalence in Arizona. Data from commercial 

laboratories have been primarily used for syndromic surveillance of infectious and 

communicable diseases (Hutwagner, Maloney, Bean, Slutsker, & Martin, 1997; 

Brossette, Sprague, Jones, & Moser, 2000; Henning, 2004) with limited surveillance of 

chronic diseases. Historically, national, state and local public health agencies have 

estimated prediabetes prevalence through data sources like the NHANES and BRFSS. 

However, each source has its own limitations and challenges. While the NHANES collects 

anthropometric measurements, urine and blood samples for various health conditions and 

diseases, it is only representative of the national level and not reflective of state-specific 

demographics (Danaei, Friedman, Oza, Murray, & Ezzati, 2009). The NHANES data are 

only presented in 2-year intervals and participant selection is based off Census 

information with and oversampling of racial/ethnic groups and other underserved 

populations. (Johnson, Dohrmann, Burt, & Mohadjer, 2014). Statisticians and experts 

from the CDC suggest that datasets inclusive of biomarkers, demographic and 

geographic characteristics, and risk factors for diabetes are the most accurate and useful 

for state level diabetes surveillance methods, (Mardon et al., 2017) if appropriate 

adjustments for subpopulations analyses are incorporated.  

Although administering the BRFSS questionnaire may be more feasible for state 

health agencies, the BRFSS is costly and relies on self-reported data which is prone to 

recall error (Marker et al., 2018). In 2016, the costs per BRFSS questions was $6,100 

and the sample design consisted of 10 regions with a sample of 10,962 comprised of cell 
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phone and landlines. Given the time restrictions of administering the BRFSS to 

approximately 25 minutes, beginning in 2013, the Arizona BRSS used a split survey 

design to adhere to the time frame, which also helped to expand the number of questions 

requested by public health programs (Bass, Bailey, & Gieszl, 2017). BRFSS prediabetes 

prevalence estimates are determined by the following two questions: 1) “Have you had a 

test for high blood sugar or diabetes within the past three years?” And 2) “Have you ever 

been told by a doctor or other health professional that you have prediabetes or borderline 

diabetes?” BRFSS data collection is subjected to the recollection of respondents’ of their 

prediabetes status based on these two questions and estimates may underreport the 

burden of prediabetes due to unaware status (Sakshaug, Weir, & Nicholas, 2014). 

According to the Arizona Department of Health Services (ADHS), the 2014 Arizona 

BRFSS prediabetes estimates were based on a weighted sample of 1465 Arizonans who 

responded to the prediabetes module. The Arizona prediabetes module was not 

administered in 2012 or 2015 (Bass, Bailey, & Gieszl, 2015). Findings from this study 

provide continuous prediabetes prevalence estimates from 2012-2017.  

The impact of data science and data mining has major implications for public 

health. Information technology has become more present in the delivery of healthcare 

services and mining of large databases have granted the opportunity for researchers and 

public health officials to identify other secondary data sources for surveillance methods, 

exchange of information among patients, caregivers, and providers (Vest, 2009). In 

addition, this study postulates that although the prevalence of prediabetes is higher in 

males than females, the sample size for females is larger compared to males across all 
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six years indicating the possibility that females are more likely to receive wellness visits 

to the doctor and potentially be screened for gestational diabetes. Analysis of gestational 

diabetes screening was not within the scope of this study. Having access to large data 

equips public health officials with surveillance tools to combat public health challenges in 

real-time (Adler-Milstein, Bates, & Jha, 2011). Therefore, it is paramount that state level 

public health leaders, policymakers, healthcare professionals, and industry groups foster 

relationships with commercial laboratories to mine large diagnostic data that can alleviate 

these challenges (Vest & Gamm, 2010), build surveillance capacity, and promote 

screening and detection methods for prediabetes in health systems in areas of greatest 

needs.  

As a result of the House Bill 2258: Diabetes Action Plan and Report (Rascon, 

2019), the ADHS in collaboration with other statewide agencies and stakeholders drafted 

a plan with a set of policy recommendations and actions delineating the support and 

integration of a data framework through laboratory diagnostic to improve surveillance 

systems needed to monitor and address the burden of diabetes in Arizona. Therefore, the 

estimated prediabetes prevalence identified through this study may help inform policies 

and support the deliverables of the Diabetes Action Plan and Report as required under 

Ariz. Rev. Stat §36-142. 

2.5. Study Limitations 

This study had some limitations. Data from this study were based on one large 

commercial diagnostic laboratory in Arizona. Although the study sample size was robust, 

it should not be taken as representative of the entire state. Data from this study were used 
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to estimate the prevalence of prediabetes in Arizona for those patients that may have 

been referred by a physician for testing. Furthermore, the lack of FPG data in 2012 and 

2013 could have been as a result of a new data platform integration introduced in 2014 

by the Arizona HIE. Prevalence measures reported in this study do not include cases of 

undiagnosed prediabetes as data were based on patients who may have had established 

care and able to receive a diabetes diagnostic test. Though data from commercial 

laboratories are powerful systems for diagnostic testing and disease surveillance, 

demographic and risk factor data may not be captured fully. This prevalence analysis 

could not be controlled for race/ethnicity and other risk factors for diabetes, such as blood 

pressure, overweight status or obesity, family history of diabetes, etc., as these data were 

not available in the SQL diagnostic laboratory dataset.   

The mining of laboratory diagnostic data is an untapped resource in public health 

surveillance. Although the SQL diagnostic data may be valuable at estimating the 

prevalence of diseases, the interpretation of such prevalence estimates should be 

cautionary. Estimating prevalence rates may vary depending on the population 

denominator of study. In this study, cases with any type of diabetes diagnostic testing 

(prediabetes, diabetes, no diabetes) were selected as the population denominator from 

the SQL dataset. Other alternative population denominators that could be explored 

include: 1) the total number of individuals tested by SQL by year for any condition, 2) 

cases with only a diagnosis of prediabetes and no diabetes, and 3) cases with a diagnosis 

of prediabetes and diabetes. The numerator (prediabetes cases) should remain 
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unchanged throughout the study period. Further exploration of population denominators 

is warranted for this study. 

There is currently no single source of data to determine the prevalence of 

prediabetes. However, data from commercial laboratories may provide an additional layer 

of source to public health researchers and practitioners seeking to study the burden of 

disease and other public health conditions. A concerted effort must be spanned in Arizona 

for the continuation of diagnostic laboratory data mining to enhance the surveillance of 

prediabetes in the state. 

2.6. Conclusion 

 The mining of SQL data has allowed us to estimate the prevalence of prediabetes 

at approximately two times greater than the estimated BRFSS; Arizona’s only prediabetes 

surveillance system. Findings from this study further support HbA1c as gold standard for 

prediabetes diagnosis. Lastly, this study further shows that all counties of Arizona exhibit 

a greater prevalence of prediabetes when compared to BRFSS, with rural counties being 

disproportionality impacted at a higher rate. This study supports the need to identify new 

sources of data that may be integral to bridging the gap between existing disease 

surveillance systems, all while augmenting the surveillance capacity of state and local 

health entities.
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Table 1: Clinical categories of prediabetes diagnosis according to the Classification and 
Diagnosis of Diabetes: Standards of Medical Care in Diabetes—2018.  
 

Diagnostic category Laboratory measure 

Hemoglobin A1c  5.7-6.4% 

Fasting plasma glucose 
(FPG)  

100 mg/dL-125 mg/dL 

2-hour plasma glucose 
during 75-g oral glucose 
tolerance test (OGTT)a 

 
140 mg/dL- 199 mg/dL 

a OGTT measures were not present in this study population
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Table 2: Population characteristics in Sonora Quest Laboratories, LLC. (2012-2017) 
 2012 2013 2014 2015 2016 2017 

Population size n= 54,920 n= 227,952 n= 397,629 n= 717,713 n= 811,543 n= 805,266 

Age group (%)a       

     15-24 1276 (2.3) 7844 (3.4) 18178 (4.6) 42958 (6.0) 51508 (6.3) 53021 (6.5) 

     25-34 3233 (5.9) 16359 (7.2) 31314 (7.9) 66248 (9.2) 78790 (9.7) 78830 (9.8) 

     35-44 5698 (10.3) 26426 (11.6) 47171 (11.9) 89876 (12.5) 101536 (12.5) 101334 (12.6) 

     45-54 9493 (17.2) 39866 (17.4) 68600 (17.3) 121685 (13.0) 135934 (16.8) 132557 (16.5) 

     55-64 12824 (23.4) 49966 (21.9) 84528 (21.3) 145110 (20.2) 162217 (20.0) 162456 (20.1) 

     65+ 22396 (40.8) 87491 (38.4) 147838 (37.2) 251836 (35.1) 281558 (34.7) 277068 (34.4) 

Mean age in years (SD) 59.1 (15.8) 57.7 (16.7) 57.0 (17.5) 55.6 (18.2) 55.3 (18.3) 55.1 (18.4) 

Sexb (%)       

     Male  24,648 (45.0) 99,621 (43.8) 168,094 (42.4) 305,024 (42.6) 347,445 (42.9) 345,777 (43.1) 

     Female 30,068 (55.0) 127,601 (56.1) 228,648 (57.7) 410,802 (57.4) 461,857 (57.1) 456,954 (56.9) 

Diabetes diagnostic testing (%)       

     Hemoglobin A1c  
     (HbA1c)c 

 
54,919 (99)  

 
227,949 (99) 

 
184,369 (46.4) 

 
164,374 (22.9) 

 
204,884 (25.3) 

 

 
217,939 (27.1) 

     Fasting Plasma  
     Glucose (FPG)d 

*** ***  
213,260 (53.6) 

 
53,339 (77.1) 

 
606,659 (74.8) 

 
587,327 (72.9) 

aPercentages may not add up to 100% due to rounding.  
bTotal number of males and females do not add up to the population size for its respective year as those with a 
designated gender as “other” or “unknown” were excluded from the gender analysis.   
cBased on level of hemoglobin A1c of 5.7-6.4%. 
dBased on level of fasting plasma glucose of 100-125 mg/dL. 
*** <10 Fasting Plasma Glucose for 2012 and 2013
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Table 3: Unadjusteda and age-adjustedb prevalence of prediabetes, by year  
and age-group. 

Year Unadjusted prevalence (95% CI) Age-adjusted prevalence (95% CI) 

2012  

15-24 yrs 6.7 (5.4-8.1) 1.2 (0.6-1.8) 

25-34 yrs 12.2 (11.1-13.3) 2.3 (1.8-2.8) 

35-44 yrs 20.2 (19.2-21.2) 3.9 (3.4-4.4) 

45-54 yrs 29.0 (28.1-29.9) 4.5 (4.2-4.9) 

55-64 yrs 35.9 (35.1-36.7) 3.9 (3.7-4.3) 

65+ yrs 44.1 (43.5-44.8) 7.4 (7.1-7.7) 

All 34.4 (33.4-34.8) 23.4 (23.0-23.7) 

2013  

15-24 yrs 4.8 (4.4-5.3) 0.8 (0.6-1.1) 

25-34 yrs 9.2 (8.8-9.6) 1.7 (1.5-1.9) 

35-44 yrs 16.3 (15.9-16.8) 3.1 (2.9-3.4) 

45-54 yrs 23.7 (23.3-24.2) 3.7 (3.6-3.9) 

55-64 yrs 30.9 (30.6-31.3) 3.4 (3.3-3.6) 

65+ yrs 39.1 (38.8-39.5) 6.6 (6.4-6.7) 

All 28.7 (28.5-28.9) 19.5 (19.4-19.7) 

2014  

15-24 yrs 7.7 (7.3-8.1) 1.4 (0.8-2.0) 

25-34 yrs 10.8 (10.4-11.1) 2.0 (1.9-2.2) 

35-44 yrs 16.1 (15.8-16.4) 3.1 (2.9-3.3) 

45-54 yrs 22.8 (22.5-23.1) 3.6 (2.4-4.8) 

55-64 yrs 28.3 (27.9-28.6) 3.1 (3.0-3.3) 

65+ yrs 34.2 (33.9-34.4) 5.7 (5.6-5.9) 

All 25.8 (25.6-25.9)) 19.0 (18.9-19.1) 

2015  

15-24 yrs 8.9 (8.6-9.2) 1.6 (1.5-1.7) 

25-34 yrs 12.1 (11.9-12.4) 2.3 (2.1-2.4)) 

35-44 yrs 17.4 (17.1-17.6) 3.4 (3.2-3.5) 

45-54 yrs 23.2 (22.9-23.4) 3.6 (3.5-3.8) 

55-64 yrs 28.7 (28.4-28.9) 3.1 (3.1-3.3) 

65+ yrs 32.9 (32.7-33.1) 5.5 (5.4-5.6) 

All 25.1 (25.0-25.2) 19.6 (19.5-19.7) 

2016  

15-24 yrs 9.1 (8.8-9.3) 1.7 (1.5-1.8) 

25-34 yrs 12.5 (12.2-12.7) 2.3 (2.2-2.4) 

35-44 yrs 18.1 (17.8-18.3) 3.5 (3.3-3.6) 

45-54 yrs 23.8 (23.5-24.0) 3.8 (3.6-3.9) 

55-64 yrs 28.9 (28.6-29.1) 3.2 (3.1-3.3) 

65+ yrs 33.2 (32.9-33.3) 5.6 (5.4-5.7) 

All 25.3 (25.2-25.4)) 20.0 (19.9-20.1) 

2017  

15-24 yrs 8.9 (8.6-9.2) 1.6 (1.3-1.9) 

25-34 yrs 12.1 (11.8-12.3) 2.3 (1.9-2.6) 
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35-44 yrs 17.2 (17.0-17.5) 3.3 (3.0-3.6) 

45-54 yrs 23.2 (22.9-23.4) 3.6 (3.4-3.9) 

55-64 yrs 28.0 (27.7-28.2) 3.1 (2.9-3.3) 

65+ yrs 32.5 (32.3-32.6 5.5 (5.3-5.6) 

All 24.6 (24.4-24.7) 19.4 (19.2-19.6) 

2012-2017  

15-24 yrs 8.6 (8.5-8.8) 1.5 (1.3-1.7) 

25-34 yrs 11.8 )11.7-12.0) 2.2 (2.0-2.4) 

35-44 yrs 17.3 (17.2-17.5) 3.3 (3.2-3.5) 

45-54 yrs 23.4 (23.3-23.6) 3.7 (3.5-3.8) 

55-64 yrs 28.8 (28.7-30.0) 3.2 (3.1-3.3) 

65+ yrs 33.7 (33.7-33.9) 5.6 (5.5-5.8) 

All 25.5 (25.5-25.7) 19.7 (19.6-19.8) 

Abbreviation: CI = confidence interval 
aUnadjusted prevalence estimates presented as percentages. 
bAge-adjusted prevalence estimates were standardized to the 2000 U.S. census 
population and presented as percentages.  
 
 
Table 4: Age-adjusteda prevalence of prediabetes, by gender  

 Males  Females 

 Age-adjusted prevalence (95% CI) P valueb Age-adjusted prevalence (95% CI) 

Year  

     2012 23.8 (23.3-24.5) <0.001 23.6 (23.1-24.1) 

     2013 18.8 (18.6-19.1) <0.001 20.0 (19.8-20.1) 

     2014 20.5 (20.3-20.7) <0.001 17.9 (17.7-18.1) 

     2015 22.0 (21.8-22.2) <0.001 17.9 (17.8-18.1) 

     2016 22.4 (22.3-22.6) <0.001 18.2 (18.1-18.4) 

     2017 21.8 (21.6-21.9) <0.001 17.6 (17.5-17.8) 

  

2012-2017c 21.8 (21.7-21.9) <0.001 18.2 (18.2-18.3) 

Abbreviation: CI = confidence interval 
aAge-adjusted prevalence estimates were standardized to the 2000 U.S. census 
population and presented as percentages.  
bTo address duplicative testing, prediabetes cases were pulled by most recent 
laboratory diagnostic test date and gender. Cases listed as “unknown” or “other” gender 
were not included in this analysis.    
cP values were calculated from a χ2 test. P values of <0.05 were considered statistically 
significant.  
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Table 5: Age-adjustedb prevalence of prediabetes, by diagnostic testing criteria  
Year Hemoglobin A1c (95% CI) Fasting Plasma Glucose (95% CI) 

 

2012 23.3 (23.0-23.7) *** 

2013 19.5 (19.3-19.7) *** 

2014 20.1 (19.9-20.2) 17.7 (17.5-17.9) 

2015 21.2 (21.0-21.4) 19.1 (18.9-19.2) 

2016 18.9 (18.7-19.1) 20.3 (20.2-20.4) 

2017 16.8 (16.6-17.0) 20.3 (20.2-20.4) 

 

2012-2017 19.4 (19.3-19.5) 19.7 (19.6-19.8) 

 
Abbreviation: CI = confidence interval 
aAge-adjusted prevalence estimates were standardized to the 2000 U.S. census 
population and presented as percentages.  
*** <10 Fasting Plasma Glucose for 2012 and 2013. 
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Table 6: Unadjusteda and age-adjustedb prediabetes prevalence, by Arizona county 
(2012-2017) 

County Unadjusted prevalence (95% CI) Age-adjusted prevalence (95% CI) 

Apache 26.1 (24.8-27.4) 20.1 (19.5-21.9) 

Cochise 26.4 (26.0-26.9) 20.0 (19.7-20.5) 

Coconino 21.6 (21.2-22.0) 14.9 (14.6-15.3) 

Gila 28.0 (27.5-28.6) 23.1 (22.6-23.6) 

Graham 26.7 (25.2-28.2) 22.5 (21.1-23.9) 

Greenlee 25.5 (22.3-28.7) 21.1 (18.2-24.2) 

La Paz 29.9 (28.5-31.3) 25.1 (23.8-26.4) 

Maricopa 25.2 (25.1-25.3) 19.3 (19.2-19.4) 

Mohave 31.3 (31.0-31.7) 25.3 (24.9-25.6) 

Navajo 26.6 (26.0-27.2) 19.8 (19.3-20.3) 

Pima 25.1 (25.0-25.3) 19.0 (18.9-19.2) 

Pinal 26.8 (26.6-27.0) 21.3 (21.1-21.5) 

Santa Cruz 24.0 (23.3-24.8) 17.6 (16.9-18.2) 

Yavapai 28.0 (27.7-28.3) 22.4 (22.1-22.8) 

Yuma 27.3 (26.7-27.9) 22.8 (22.2-23.3) 

 
Abbreviation: CI = confidence interval 
aUnadjusted prevalence estimates presented as percentages. 
bAge-adjusted prevalence estimates were standardized to the 2000 U.S. census 
population and presented as percentages. 
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Figure 3: Age-adjusted prediabetes prevalence across multiple surveillance systems, 2012-2017 

 
 
* 

Error bars represent 95% confidence intervals.  
†
In 2012 and 2015, the prediabetes module and questions were not administered by the Arizona BRFSS. 

NHANES data is representative of national prevalence of prediabetes data from 2011-2014 (n=5,179) 

No data was available for 2015 for BRFSS or NHANES to compare with SQL prevalence of prediabetes estimates.  
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Figure 4: Age-adjusted prevalence of prediabetes, by county (2012-2017) 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Red line denotes Arizona prevalence of prediabetes according to the 2016 BRFSS data.  
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CHAPTER 3 

DIABETES PREVENTION: AN IMPERATIVE TO IMPROVING  

THE HEALTH ECONOMY OF ARIZONA 

3.1. Introduction 

 The rise in diabetes burden and healthcare spending have set a public health 

precedence. The American Diabetes Association (ADA) estimates that direct medical 

expenditures related to diabetes on average are 2.3 times higher than expenditures in the 

absence of diabetes (American Diabetes Association, 2018). One study across multiple 

medical claims concluded that the economic burden of prediabetes in the state of Arizona 

was estimated at approximately $900 million in 2012 (Dall et al., 2014). Evidence-based 

lifestyle interventions like the National Diabetes Prevention Program (DPP) have shown 

to be effective in the prevention of type 2 diabetes (Ackermann et al., 2008). However, 

growing concerns about the costs of scaling and implementing DPPs across the United 

States remain (Zhuo et al., 2012). Chronic disease prevention programs are perceived to 

be expensive requiring robust screening, strong program retention, and curricula 

development (Zhuo et al., 2012). Two systematic-reviews indicated that diabetes 

prevention programs are cost-effective and improve the quality of living as measured by 

quality-adjusted life years (QALYS) for people at risk for type 2 diabetes (Diabetes 

Prevention Program Research Group, 2002; R. Li, Zhang, Barker, Chowdhury, & Zhang, 

2010; R. Li et al., 2015; Smith et al., 2010).  

Cost-effectiveness analyses (CEA) are advantageous in deciding whether to adapt 

an intervention or not based on the societal and health care system benefits and 
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understanding the long-term utility of the intervention (Radl, Lanuale, & Boccia, 2013). 

Despite the strengths of CEAs, there remains a gap on state-level diabetes expenditures 

in relation to the costs of DPP. For state-policymakers, CEAs may not translate to real-

world settings and therefore may value estimates that directly showcase the total medical 

expenditures related to diabetes and the costs of implementing disease prevention 

programs. This study developed a theoretical cost model to examine the medical 

expenditures and net costs of a DPP intervention and its potential impact to the economy 

of Arizona.           

3.2. Methods  

The fiscal impact and net cost-savings of diabetes prevention was projected by a 

theoretical cost analysis model generated from established peer-reviewed literature 

(Centers for Disease Control and Prevention, 2016b; American Diabetes Association, 

2018; Diabetes Prevention Program Research Group, 2012; R. Li et al., 2015) and the 

epidemiology findings from this dissertation. Although the DPP intervention was designed 

for adults 18+ years of age, this cost analysis was conducted for people ≥15 years of age 

to align with the population sampled in Aim 1. The approximate number of people with 

prediabetes were estimated by taking the product of the population (~5.6 million) (United 

States Census Bureau, 2017) by the age-adjusted prevalence of prediabetes in 2017. 

The prevalence of prediabetes was estimated under the assumption that all cases had a 

prediabetes screening by laboratory diagnostic testing. According to Li and Ackerman, 

only 35% of those screened for prediabetes participate in a DPP intervention (Centers for 

Disease Control and Prevention, 2016b). Therefore, this percentage was applied to the 
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number of people with prediabetes to determine the number of people eligible to 

participate in the DPP intervention. Direct and indirect costs associated for a person with 

and without DPP intervention were not available for Arizona and therefore national cost 

estimates determined by the ADA were used. Diabetes direct medical costs are 

expenditures related to hospital inpatient care, prescription medications, diabetes 

supplies, and doctor visits (American Diabetes Association, 2018). Whereas indirect costs 

are due to absenteeism, reduced productivity at work, early disability and mortality 

(American Diabetes Association, 2018). The total medical costs (direct and indirect 

medical costs) used in this model were projected based on the per capita medical costs 

determined by the American Diabetes Association’s Economic Costs of Diabetes in the 

U.S., 2017 (American Diabetes Association, 2018) for those with and without DPP 

intervention. Diabetes related medical costs savings were calculated based on the 

difference between the total medical costs in the DPP intervention and no intervention 

groups. The cumulative costs of the DPP for eligible persons were computed over a 10-

year period as described by the Diabetes Prevention Research Group (Diabetes 

Prevention Program Research Group, 2012). The cumulative medical costs were 

calculated by summing the cumulative DPP costs and the total medical costs. Lastly, to 

assess the DPP cumulative net-costs and if net cost-savings are generated within the 10-

year timeframe, the difference between the cumulative medical costs and the total 

medical costs without DPP intervention was applied. 

3.3. Results  
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The 2017 age-adjusted prevalence of prediabetes was estimated at 19.7% in 

Arizona. By applying the age-adjusted prevalence of prediabetes and the percentage of 

eligible persons who participate in the DPP intervention, the total number of Arizonans 

eligible to participate and not participate in the DPP were projected at 380,702 and 

707,018 people, respectively (Table 7). The estimated total medical costs for those in the 

DPP intervention were $5.0 billion (Table 8) compared to $9.3 million (Table 9) for those 

with no DPP intervention, resulting in $4.3 billion in medical costs-savings. The 

cumulative medical costs (DPP cumulative costs and total medical costs combined) were 

greater during year 1 of the DPP intervention at $5.7 billion, and $5.1 billion at years 5 

and 10 (Table 10). This theoretical cost model determined the cumulative net-costs to be 

cost-savings of $3.6 billion at year 1, and $4.2 billion in years 5 and 10 (Figure 5) of the 

DPP intervention. 

3.4. Discussion 

 The economics of the DPP in Arizona are understudied. Investing in diabetes 

prevention is imperative to curbing the rising direct and indirect costs associated with 

diabetes. Our findings suggest that close to 381,000 Arizonans with prediabetes are 

eligible to participate in the DPP. Not participating in a DPP intervention is estimated to 

cost the economy of Arizona over $9 million, when direct and indirect costs are combined. 

Literature supports that expenses will be greater in the first year of diabetes diagnoses 

and medical expenditures are projected to be 1.65 times greater in year one than 

subsequent years (Shrestha, Zhang, Hora, & Gregg, 2018; Centers for Disease Control 

and Prevention, 2016b). However, these findings indicate that investing in DPP can 
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produce cost-savings after year 1 of DPP implementation even when cumulative medical 

costs were greater during year 1.  Rowley et al. concluded that the total annual medical 

and societal costs related to diabetes will rise to $622.3 billion by 2030 in the U.S.; a 53% 

increase from 2015 (Rowley, Bezold, Arikan, Byrne, & Krohe, 2017). In contrast to the 

results of this study, another study projected more conservative values for prediabetes 

expenditures at $3.2 billion by 2030 for Arizona specifically (Institute for Alternative 

Futures, n.d.). We recommend that a formalized cost-effectiveness analysis is conducted 

to elucidate the economic benefits of a prediabetes intervention in Arizona. A large portion 

of the Arizona population is eligible to participate in the DPP and information on program 

costs may be critical for DPP coverage and implementation policies.  

The implications of this cost study may help support future policy initiatives of 

importance to advocacy and special interest groups in Arizona. The Arizona’s Diabetes 

Action Plan and Report recommend the implementation of coverage policies for diabetes 

self-management and diabetes prevention as imperatives to reducing the burden of 

diabetes and halting the growing health care expenditures (Rascon, 2019). Coverage 

policies and the allocation of resources are vital to the growth and sustainability of disease 

prevention and public health programming. To influence disease prevention policies, 

legislative bodies are more likely to support policies that are fiscally conservative and 

grounded on effectiveness and scientific evidence (E. A. Dodson et al., 2013). For 

policymakers, the cost and value of an intervention are important. For example, from the 

payer perspective, policymakers are interested in the direct intervention costs as these 

costs are reimbursable by the healthcare system (Williamson et al., 2004). Therefore, this 
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study provides a cost framework for a diabetes prevention intervention over a 10-year 

period detailing significant cost-savings to the economy of Arizona and that investing in 

diabetes prevention programs can positively improve statewide healthcare costs.   

3.5. Study Limitations 

 This study had some limitations. Due to the lack of state level DPP costs data, the 

theoretical cost model used in this study was designed under the assumptions 

established by previous literature. Ackerman determined that approximately 35% of 

people diagnosed with prediabetes were eligible to participate in the DPP. However, 

Ackerman’s projections were based on national estimates. These projections were 

applied to state level estimates in this study and those greater than 15 years of age. 

Additionally, limited data on direct and indirect medical costs were available for Arizona. 

Therefore, the ADA’s Economic Costs of Diabetes in the U.S., 2017 national diabetes 

direct and indirect costs were used to estimate the total medical costs for people that 

would benefit from a DPP intervention and those that would not. In addition, the cost 

projections in this study were not inflated to reflect the changes and uncertainty of 

Arizona’s economic system.  

3.6. Conclusion 

 Projections indicate that a large portion of the Arizona population with prediabetes 

is eligible to participate in the DPP. The DPP after one year of implementation proves to 

be cost-saving to Arizona’s economy. Despite these cost-savings, the DPP continues to 

be an underutilized service for vulnerable communities with prediabetes, primarily due to 

the lack of coverage by Medicaid. Results from this study can be applied to persuade 
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state policymakers to expand the coverage of the DPP beyond third party payers in hope 

of reducing healthcare expenditures and increasing access to people at greatest risk for 

type 2 diabetes. 
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Table 7: Projection of people with prediabetes in Arizona, 2017  
 

Population of  
Arizona  

(15+ years 
old) *  

Prevalence 
of 

prediabetes‡  

Approximate 
number people 

with  
prediabetes 

based on 
prevalence 

Percentage of 
eligible, screened 

persons who 
participate in the 

intervention†  

Number of 
people that are 

eligible to 
participate in 

DPP 
intervention 

Number of 
people with 
prediabetes 

and NO 
intervention 

5,606,808 19.7% 1,087,721 35.0% 380,702 707,018 

 *Arizona population as determined by the U.S. Census, 2017. 
 ‡Prediabetes prevalence estimated in Aim 1 of this dissertation. 

†Percentage of eligible screened persons was applied per the CDC Diabetes Impact Toolkit, R. Li and R. 
Ackermann.   
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Table 8: Direct and indirect costs associated for a person with DPP intervention, 2017 

Average 
direct medical 

costs per 
capita*  

Estimated direct 
costs for those 

eligible to 
participate in the 
DPP who may 

convert to 
diabetes, 2017 

Average indirect 
medical costs 

per capita*  

Estimated indirect costs if 
conversion to diabetes occurs 

for those eligible to participate in 
the DPP 

Total medical costs  
(Direct and Indirect) 

$9,601.00 $3,655,122,428.98 $3,640.00 $1,385,756,238.05 $5,040,878,667.03 
* American Diabetes Association, Economic Cost of Diabetes in the U.S., 2017 
 
 
 
 
 
 
Table 9: Direct and indirect costs associated for a person with no DPP intervention, 2017 

Average 
direct medical 

costs per 
capita* 

Estimated direct 
costs for those 
NOT eligible to 

participate in the 
DPP who may 

convert to 
diabetes, 2017 

Average indirect 
medical costs 

per capita* 

Estimated indirect costs if 
conversion to diabetes for those 
NOT eligible to participate in the 

DPP 

Total medical costs 
(Direct and Indirect) 

$9,601.00 $6,788,084,510.97 $3,640.00 $2,573,547,299.23 $9,361,631,810.20 
* American Diabetes Association, Economic Cost of Diabetes in the U.S., 2017
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Table 10: Cumulative diabetes medical costs, 2017 

Year Total Program 
Costs per 

person 
(DPP 

Research 
Group, 2012) 

Total costs of DPP 
intervention for people 

with prediabetes 

Cumulative Medical Costs 
(Program costs + total costs 

with intervention) 

1 $1,826.00 $695,162,332.60 $5,736,040,999.63 

2 $887.00 $337,682,907.46 $5,378,561,574.49 

3 $915.00 $348,342,570.83 $5,389,221,237.86 

4 $173.00 $65,861,491.53 $5,106,740,158.56 

5 $126.00 $47,968,485.16 $5,088,847,152.19 

6 $112.00 $42,638,653.48 $5,083,517,320.51 

7 $139.00 $52,917,614.58 $5,093,796,281.62 

8 $138.00 $52,536,912.32 $5,093,415,579.35 

9 $126.00 $47,968,485.16 $5,088,847,152.19 

10 $130.00 $49,491,294.22 $5,090,369,961.25 

 



 

 

59 

 

Figure 5: Arizona DPP cumulative medical and net costs, 2017¥ 
 

 
 

¥
The DPP is cost saving after year 1. When the net costs for program and cumulative medical costs combined would be lower than 

total medical costs alone for those with no DPP intervention (depicted by negative blue value bars). 
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CHAPTER 4 

 PUBLIC POLICYMAKING FOR THE COVERAGE OF THE DIABETES PREVENTION 

PROGRAM: A QUALITATIVE CASE STUDY FROM FOUR STATES 

4.1. Introduction 

 Prediabetes is defined as blood glucose levels higher than normal, but not high 

enough to be diagnosed with diabetes (CARE, 2018). Prediabetes continues to be a 

public health concern in communities across the nation and the National Diabetes 

Prevention Program (DPP) is an evidence-based program that has proven to delay the 

onset of type 2 diabetes. In 2010, Congress approved the Centers for Disease Control 

and Prevention (CDC) to lead the National Diabetes Prevention Program (DPP) (Centers 

for Disease Control and Prevention, 2016a). The DPP provides a framework for the 

prevention of type 2 diabetes in which a lifestyle intervention reduced the incidence of 

diabetes by 58% (Diabetes Prevention Program Research Group, 2002). Coverage of the 

DPP as a health benefit continues to expand, with 11 states covering the program through 

third party payers, employers, and other markets (Centers for Disease Control and 

Prevention, 2016a). As of 2018, Medicare beneficiaries with prediabetes or at risk for type 

2 diabetes were eligible for program reimbursement through the Medicare Diabetes 

Prevention Program (MDPP). However, despite efforts at increasing DPP coverage via 

Medicare and other payers, only a few states have opted to provide coverage for Medicaid 

beneficiaries diagnosed with prediabetes.  

Fiscally in 2016, the Prevention and Public Health Fund (PPHF) of the Patient 

Protection and Affordable Care Act (ACA) allocated $73 million to the CDC to build 
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diabetes prevention capacity among state and local health entities and Medicaid 

programs in support of evidence-based lifestyle change programs for the prevention of 

type 2 diabetes in vulnerable communities (U.S. Department of Health & Human Services, 

2016). It is projected that the annual health care spending attributable to prediabetes and 

diabetes will rise to $512 billion by 2021 (Vojta et al., 2012). Vojta et al. determined that 

two-thirds of the costs would be incurred partly because the prevalence of prediabetes 

and diabetes is greatest among members of Medicare and Medicaid (Vojta et al., 2012). 

One study found that there was a 23% increase in patients newly identified with diabetes 

across 26 states and the District of Columbia (D.C.) where Medicaid eligibility was 

expanded as a result of the ACA (Kaufman, Chen, Fonseca, & McPhaul, 2015). 

Furthermore, data from the 2011-2014 National Health and Nutrition Examination Survey 

(NHANES) indicates that approximately 34.4% of adults ≥20 years have prediabetes and 

14.6% are diagnosed with diabetes (Cowie, Casagrande, & Geiss, 2018). Given these 

statistics, early detection of an intervention for prediabetes are vital for diabetes 

prevention amongst the most vulnerable populations.  

Medicaid, jointly funded by states and the federal government, is the primary 

source of health insurance for vulnerable and low-income individuals in the United States. 

Among the Medicaid population, Wu et al., showed that one third of patients with 

prediabetes developed type 2 diabetes within 3 years (Wu, Ward, Threatt, & Lu, 2017). 

Low-income populations with prediabetes are also at greatest risk for heart disease, 

hypertension, dyslipidemia, and obesity (Wu, Ward, Threatt, & Lu, 2017). Medicaid 

policymakers need to address prediabetes as a significant public health concern and 
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examine reimbursable policies. Prevention efforts can expand to include prediabetes as 

a health benefit for Medicaid beneficiaries. The public policy process that states undergo 

to propose reimbursement policies for diabetes prevention is elusive. This case study 

uses James E. Anderson’s public policy framework to explore how Vermont, Minnesota, 

California, and Montana were instrumental in shaping public policy for DPP coverage 

through their Medicaid programs. 

4.2. Methods  

For this study, we employed an instrumental case study qualitative approach. An 

instrumental case study was suitable for this research as it focused on understanding the 

policy process undertaken by each state for successful coverage of the DPP through 

Medicaid. At the time of this study, the states of Vermont, Minnesota, California, Montana, 

and New Jersey had implemented Medicaid coverage for primary diabetes prevention. 

Sampling occurred at two levels for this study: 1) selection of the case Vermont, 

Minnesota, California, Montana, and New Jersey; and 2) selection of the participants 

within the case included staff members from the Diabetes Prevention and Control (DPCP) 

and Medicaid programs. A scan of Health Department webpages, social media 

(LinkedIn), and Google searches identified DPCP and Medicaid staff for this study. 

Participants were recruited via email and telephone calls. Data were collected through a 

series of one-hour key informant interviews from August-October 2018. Interviews were 

audio recorded and transcribed verbatim. Interview questions were based on the five 

stages of the public policymaking framework described by Anderson (Anderson, 2014): 

policy formation, policy formulation, policy adoption, policy implementation, and policy 
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evaluation. Transcriptions were thematically analyzed. Coding analysis and sorting used 

NVivo 12. For data validity, triangulation processes were conducted through multiple 

sources of data (Yin, 2017) such as archival reports on Medicaid demonstration projects 

by the National Association of Chronic Disease Directors (NACDD) and the CDC, state 

Medicaid statutes, peer-reviewed articles, and the grey literature (webinars, issue briefs, 

Power Point presentations, etc.). This study was submitted and approved by the 

University of Arizona Institutional Review Board. 

4.3. Results  

A total of 10 participants from the states of Vermont (n=2), Minnesota (n=4), 

California (n=2), and Montana (n=2) were interviewed. New Jersey was unresponsive 

following several attempts by email and phone.  Data were organized in accordance with 

Anderson’s public policymaking framework and the following themes emerged as 

imperative factors for diabetes prevention policy among all four states: a) strategic 

partnerships, b) financial support for program implementation of the DPP, c) institutional 

leadership within the DPCP/Health Department and Medicaid, and d) healthcare and 

reimbursement payment models. The latter theme emerged in the policy evaluation 

process of Anderson’s public policymaking. 

4.3.1. Policy formation and formulation 

 Policy formation and formulation of public policymaking identifies the problem of 

importance and considers a course of action to ameliorate the problem. For the scope of 

this study, questions (Appendix B) related to the groundwork promoting the visibility of 

the DPP were asked of participants to elucidate the impetus for framing policy changes 
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in Medicaid for coverage of the DPP, as exemplified in Table 11. Participants reported 

that strategic relationships with diabetes experts and stakeholders as well as federal and 

state funding to promote the value of the DPP within the Health Departments and 

Medicaid Program were important to initiate changes and offer the DPP as a covered 

benefit for Medicaid beneficiaries.  

Table 11: Policy formation and formulation process 
*VDH = Vermont Department of Health; DVHA = Department of Vermont Health Access 
(Vermont’s Medicaid Program); CMS = Centers for Medicare and Medicaid 

Vermont 

Participant 1: “[The] VDH and the DVHA partnered together as we are the state entities that 
offer the DPP.” 

Participant 2: “The Blueprint for Health, which manages quite a bit of the 1115 waiver 
funding [through Medicaid] allocated one million dollars for the 
implementation for self-management programs in the State of Vermont, 
including the DPP.” [Although not a self-management program, the DPP was 
added under this category for appropriations purposes as a state mandate.] 

Participant 2: “We really leverage that Patient Centered Medical Home (PCMH) framework 
to reach out to patients and invite them to participate in the DPP.” 

Participant 2: “At least for the 1115 waiver, the piece about using Medicaid funding as a 
sustainable source, we found that it is very helpful to have a budget or 
funding provided to local areas to be able to implement this.” 

Participant 1: [Federal] funding from the CDC are a carrot for those providers who want to 
work with us and become DPP providers, but some do not have the time or 
resources to do so. 

Minnesota 

Participant 1:  “My understanding is that the program historically had a very good 
relationship with partners working in the diabetes treatment sector and did a 
lot of work for quality improvement processes and improving care for those 
individuals.” 

Participant 2: “I think at the national level with the research on the diabetes prevention 
program starting to look at prediabetes, the CDC started to explore what 
prediabetes was and they provided funding opportunities and Minnesota 
applied to those. I was on the front end of those CDC grants and they were 
very competitive and began working on defining prediabetes, and the DPP 
started to emerge as a program.” 

Participant 1: “Leading up to the 1305 (CDC grant to fund state level chronic disease efforts), 
we contracted with FSG, a social science group that developed this method 
called the “collective impact”…a framework of bringing people together to 
address complicated problems. So we pulled a variety of stakeholders together 
with the idea to work on topics related to diabetes care treatment and 
prevention.”  
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Participant 2: “FSG was a way to bring the parties together and bring people who were in key 
decision-making [positions] across the state.” 

California 
Participant 1: “In 2015, there was as initiative titled, California Prevent Diabetes, Screen, 

Test, Act Today …or California PDSTAT. PDSTAT, in partnership with the 
CDC, American Medical Association, and the NACDD really supported us at 
the state health department under two grants to really look at who all the 
stakeholders were across the state and who could participate in a 2-day 
meeting to brand DPP and diabetes prevention.” 

Participant 1: “When the CDC funded us to implement the DPP…their first suggestion was 
to reach out to organizations that already had an infrastructure to offer the DPP. 
Interestingly the six counties that we subcontract and partnered with under the 
grant had the highest burden of diabetes and cardiovascular disease.” 

Montana 

Participant 2: “Long-term relationships with our coalition members that cared a lot about 
diabetes prevention…really passionate about diabetes in general…a lot of 
influential people.”  

Participant 2:  “I would say we're really putting emphasis on supporting the lifestyle coaches 
for the implementation of the diabetes prevention recognition program through 
funding from the CDC and CMS.” 

Participant 2: Funding from CMS helped to formalize the relationship between the diabetes 
program and Medicaid through regular scheduled [meetings] every or every 
other week. We have a work plan, which goal was to work on policy and target 
outreach and enrollment to Medicaid.  

 

4.3.2. Policy Adoption  

  Policy adoption is defined as the action that is exercised as a resolution to the 

problem identified in the policy formation and formulation processes of the policymaking 

cycle. Most participants considered institutional leadership within state-wide 

administrative programs, coupled with strategic alliances, as influential in adopting policy 

changes for primary diabetes prevention in their states (Table 12).   

Table 12: Policy adoption process 
*DPH = Minnesota Department of Health; Medi-Cal = California’s Medicaid Program 

Vermont 

Participant 1: “At the Health Department, our former Commissioner was hugely 
collaborative and proponent of the DPP, and that has been continuous with 
our new Commissioner. Vermont being a small state, we have access to our 
legislators, commissioners and leadership.” 
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Participant 2: “The Blueprint for Health was driven by the Governor in 2006, which helped 
secured initial appropriations. The evidence for the efficacy [of the DPP] has 
been enough to sway bipartisan support.” 

Participant 2: “My Executive Director has helped us moved so many programs forward like 
the DPP and she is well supported by state legislators.” 

Minnesota 

Participant 1: “The Minnesota Health Action Group (Employer-based health benefit 
stakeholder) was interested in health issues related to employers and 
[shifting policies] to ensure employers are making the right investments in 
employees’ health and getting value out of their investments.” 

Participant 3: “From a policy perspective, it built a very strong relationship between the 
DPH and the Medicaid Director’s Office and Medicaid Director. That 
relationship was there, and the Medical Director for Medicaid is very 
interested in prevention and advancing prevention in the Medicaid population 
and helping the Medicaid population prevent chronic disease.” 

  

Participant 4: “With regard to higher leadership, I think in general there is strong support for 
chronic disease and the management and prevention in the Minnesota 
Department of Health, so when these opportunities arise, there is no 
hesitation to apply for [grants].” 

California 

Participant 2: “[Medi-Cal legislation] was written, sponsored, and written by our stakeholder 
group; Public Health Advocates, one of the groups involved in the 2-day in-
person meeting.” 

Participant 2: “Understanding the Medicare policy for the reimbursement of the DPP was 
important for Medi-Cal policy adoption and see what challenges were 
[encountered] on implementing this change. Talking to the policymakers at the 
CMS to make sure that we receive federal approval and receive matching 
fund…and get approval for different polices that their Medicare put in their 
[M]DPP.” 

Montana 

Participant 1: “[Higher leadership within the Health Department] saw that there was an 
opportunity for funding through the legislature for DPP coverage and they were 
the individuals that spearheaded this initiative.” 

Participant 1: “The groundwork for diabetes prevention was really laid by our State Medical 
Officer and our Chronic Disease Prevention and Health Promotion Bureau 
Chief and our Public Health and Safety Division Administrator, and the diabetes 
advisory coalition.” 

Participant 2: Funding from CMS helped to formalize the relationship between the diabetes 
program and Medicaid through regular scheduled [meetings] every or every 
other week. We have a work plan, which goal is to work on policy and targeted 
outreach and enrollment to Medicaid.  

 

4.3.3. Policy Implementation 
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Policy implementation is multifaceted and complexed. The study of policy 

implementation considers the agencies involved in carrying out the day-to-day functions 

of the solution, the political support or opposition the policy may encounter, and the key 

players involved in executing the policy (Anderson, 2014). Key policy implementers will 

differ among policy arenas, depending on the policy salience, target population, and the 

costs of policies (Anderson, 2014). This analysis indicates that reimbursed diabetes 

prevention policies were not all implemented by state legislative bodies but through 

administrative changes to the state Medicaid agencies. For example, Minnesota’s 

partnership between the DPCP and Medicaid, fostered through the CMS funding 

application process, facilitated the identification of reimbursement modalities for diabetes 

primary prevention by integrating community health workers (CHWs) (Table 13). 

Table 13: Policy implementation process 
*DHS= Minnesota Department of Health Services (Medicaid Program) 

Minnesota 

Participant 1: “My understanding is that DPH started the conversation with DHS asking 
them for coverage of community health workers providing the DPP. I think 
there was an increase participation from the health department to engage lay 
educators and community health workers to provide and become coaches of 
the DPP.”  

Participant 1: “We just thought it would be important and [a] lower cost way to implement 
the DPP and also reach the high-risk populations and addressing disparities 
and health inequities in our state.” 

Participant 2 “The diabetes program was engaged with DHS Medicaid director and his staff 
and talking about how you reimburse this [DPP]…my understanding is that 
DHS already paid CHWs for some patient education billing, so they can bill 
under Medicaid for [diabetes] education…in general.” 

California 

Participant 1 “We provided any data to Public Health Advocates for their legislation [draft] 
because we didn’t have a certain code affiliated for prediabetes because it is 
not an actual diagnosis under Medi-Cal right now.” [Note: Interviews were 
conducted in 2018, prior to reimbursement changes by Medicaid in 2019] 

Participant 2 “For Medicaid, we do have the ability to cover benefits even without statute. 
This could’ve been a policy that could have been developed and implemented 
with guidance from CMS or Medicare. There are some alternatives.” 
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Montana 

Participant 1 “Legislature approval allowed us to have three solid years of pilot [data] to show 
that it [DPP] intervention worked in our state. Then we had a survey of Medicaid 
participants about their health risks and so we still knew that a lot of Medicaid 
members had risk factors for diabetes [and] would be eligible for the program 
and would benefit from it.” 

 

4.3.4. Policy Evaluation 

Policymakers often face the question, did the policy work or not? Policy evaluation 

helps to ascertain the impact of instituted public policies, and in some cases, the 

sustainability of implemented policies. Findings from this study indicate that policies and 

changes that were adopted and implemented for the coverage of diabetes prevention 

were deemed successful based on the health care and reimbursement models the states’ 

DPCP and Medicaid program set in place (Table 14).  

Table 14: Policy evaluation process 
YDPP = YMCA Diabetes Prevention Program; CPT = Current Procedure Terminology 
(Medical code set used to report diagnostic testing and healthcare services); MCO = 
Managed Care Organization 

Vermont 

Participant 1: “In 2012-2013, a grant agreement [allowed] the YDPP to become part of the 
Blueprint for Health as a program deliverable.  That was the same year that 
the Department of Health contracted with YMCA to retract all the data to track 
program participation for program evaluation.” 

Participant 2: “We are actually in the mist doing a longitudinal evaluation of the [DPP] 
program…so, we are carefully tracking our results.” 

Minnesota 

Participant 1: “We worked with Levitt Health Partners to do in-person interviews of the 
health plans and asked questions about their coverage of DPP…from 
commercial to Medicare/Medicaid. We were building relationship and 
awareness with those insurance companies about the DPP. We surveyed 
them again around Medicaid and most of them instituted that national code 
[0403T].” (0403T is the CPT code for group-based reimbursement by CMS.) 

Participant 1: “We are also working with MCOs, who we just surveyed in trying to develop 
guidance for DPP writers on how to enroll for fee-for-service through 
contracts with MCOs and learn how to become a DPP and Medicaid 
provider.” 
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Participant 2: “The Minnesota Health Action Group contracted with three insurance 
companies to offer the DPP [as a covered benefit] through an online version 
for greater reach.” 

California 

Participant 2: “Sustaining the program, I think the first two years are going to be a challenge 
for both Medicaid providers and Medi-Cal itself. I say that because we are 
seeing some issues with [program] participation and retention.” 

Participant 1: “The second part is training this generation of new providers that do not have 
experience billing Medicaid/Medi-Ca and Medicare and are unaware of the 
administrative processes that go with that. There is a lot of administrative work 
that needs to happen at the provider level, and I do not know how prepared our 
community based-organizations are for that. It is important to build partnership 
with organizations, such as managed health care plans.” 

Montana 

Participant 1: “Starting in September [2018] Medicaid changed the special [CPT] code initially 
put in place to the 0403T code, and that's the code that they use for an hour of 
[group] class.  

 

4.4. Discussion 

 Prediabetes continues to be a major public health problem in communities across 

the nation. Public policies that provide access to diabetes primary prevention among the 

most vulnerable populations are vital to delaying the onset of type 2 diabetes. Medicare 

currently provides coverage for diabetes screening for beneficiaries at risk for diabetes or 

diagnosed with prediabetes (Centers for Medicaid and Medicare Services, 2018) through 

part B. Although Medicaid and private payer guidelines may vary by state, there is a 

presumption that most Medicaid beneficiaries are provided with the same diabetes 

screening benefits, but not preventive education. Beginning April 1, 2018, the MDPP 

under a performance-based payment model through the CMS Innovation Center, 

expanded coverage for evidence-based services for the prevention of type 2 diabetes 

(Centers for Medicaid and Medicare Services, 2018). This model has allowed 

organizations to become MDPP suppliers and receive reimbursement for the delivery of 
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the DPP in group-based settings for populations enrolled in Medicare Part B using a CDC-

approved curriculum based on the DPP clinical trial (Centers for Medicaid and Medicare 

Services, 2017a). Although the MDPP has expanded coverage for the prevention of type 

2 diabetes, Medicaid systems regulated by state and federal mandates have fallen short 

in reimbursing and expanding diabetes prevention coverage for its beneficiaries.  

 DPCPs and Medicaid agencies play an integral role in identifying reimbursement 

mechanisms for preventive services for people with prediabetes. Grants from the Center 

for Medicare and Medicaid Innovation (CMMI)—Medicaid Incentives for the Prevention of 

Chronic Diseases—served as the impetus for states like Montana and Minnesota in 

launching pilot projects to demonstrate the importance of the national DPP in curbing the 

incidence of type 2 diabetes and propelling their efforts to initiate policy processes and 

administrative changes for the reimbursement of diabetes prevention by Medicaid (Center 

for Evidence-based Policy, Oregon Health & Science University, 2017). In this study, we 

found that DPP coverage polies in four states with diverse demographics is multifaceted 

and warrants federal and state financial incentives, as well as strategic alliances, 

institutional leadership and coalition support to provide substantive evidence on the 

benefits of the DPP for Medicaid beneficiaries. Medicaid reimbursement policies for the 

DPP vary by state. For example, Montana’s Medicaid reimburses a total of $350.00 for 

the first 16-weekly sessions of the DPP and $150 for the follow-up period of the program. 

Minnesota’s Medicaid, on the other hand, reimburses a total of $300 for 22 classes 

(National Association of Chronic Disease Directors, 2019b). The CHW DPP health 

coaching model allowed Minnesota’s DPCP and Medicaid program to establish billable 



 

 

71 

 

parameters and administrative categories for the reimbursement of the DPP. 

Reimbursement practices such as these provide opportunities for states to continue 

building relationships and maintaining communication between the diabetes program and 

Medicaid to make a case for DPP reimbursable policies.  

 Evaluation of the Medicaid demonstration projects conducted by the NACDD 

support public policy as imperative to implementing sustainable delivery models for the 

DPP (Porterfield, Jacobs, Farrell et.al., 2018). Identifying the operationalization of DPP 

coverage through Medicaid needs furthers exploration on a state-by-state basis. Oregon 

and Maryland are two states that through federal funding from the CDC Division of 

Diabetes Translation are currently implementing demonstration projects undergoing 

transformative policy changes within their Medicaid programs for the reimbursement of 

the DPP. Results from this study support the groundwork conducted in Oregon and 

Maryland where partnerships between the state health department and Medicaid 

programs, diabetes content experts, health plans, and DPP delivery organizations, etc. 

were essential to initiating the policy formation and formulation process of public 

policymaking (National Association of Chronic Disease Directors, 2019a).  

 The CDC grants, “DP-1305 State Public health Actions to Prevent and Control 

Diabetes, Heart Disease, Obesity and Associated Risk Factors, and Promote School 

Health” and “DP-1422 State and Local Public Health Actions to Prevent Obesity, 

Diabetes, and Heart Disease and Stroke,” funded organizations to build capacity and 

implement strategies through Medicaid demonstration projects. While these projects 

aimed to increase the awareness of and participation in the DPP, it also succeeded in 
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developing efforts that led to coverage of diabetes prevention. However, limited federal 

funding for Medicaid demonstration projects such as these has afforded health authorities 

to identify alternative mechanisms for DPP coverage. The Medicaid 1115 demonstration 

waivers under section 1915 of the Social Security Act provide states with the ability to 

design new approaches that expand services not typically covered under Medicaid and 

implement innovative service delivery systems that improve care, increase efficiency, and 

reduce healthcare expenditures (National Association of Chronic Disease Directors, 

2019b). Since the time of this study, New York and Texas have established Medicaid 

reimbursement mechanisms for the DPP, bringing the count of states with any type of 

DPP Medicaid policy coverage to a total of seven. The New York and Texas’ Delivery 

System Reform Incentive Payment (DSRIP) 1115 waiver projects focused on 

implementing the DPP and generating community clinical linkages that improve access 

to primary disease prevention for patients at-risk for type 2 diabetes (Kappagoda & 

Wunsch, 2016; New York State Department of Health, n.d.). Although the 1115 waivers 

are opportunities for states to showcase the impact of the DPP on the Medicaid 

population, waivers are approved for an initial five-year cycle with potential extension of 

three to five years after with approval from the CMS. To secure program continuity, states 

are encouraged to amend State Plan Amendments to the CMS that permit them to claim 

federal Medicaid matching funds for the reimbursement of new health services. DPP 

reimbursement mechanisms are not one dimensional and therefore require a multifaceted 

approach to achieving preventive coverage for Medicaid beneficiaries diagnosed with 

prediabetes.     
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4.5. Study Limitations 

 This study had limitations. The public policymaking framework used in this study 

is one of many and other theoretical frameworks can be examined for exploring the 

policymaking process through qualitative research. The geopolitical landscape and 

diversity of each state varies and therefore the perspectives gathered from the 10 key 

informants are not generalizable of states seeking to expand coverage for the DPP. 

Additionally, themes identified in this study were based on perspectives provided by key 

informants and not necessarily representative of state health departments or Medicaid 

programs. Given that the interviews focused primarily on diabetes prevention, the DPP, 

and the policymaking process, thematic saturation occurred after the sixth interview.       

4.6. Conclusion 

DPCPs and Medicaid programs in Vermont, Minnesota, California, and Montana 

have undertaken several policy initiatives to offer the DPP as a covered Medicaid benefit. 

Although the MDPP has made great strides in closing the gap in diabetes prevention 

coverage among Medicare beneficiaries, this study determined that Medicaid coverage 

policies for DPP vary across states, warranting a deeper look at the policymaking process 

to increase access to diabetes prevention for people at risk for type 2 diabetes.  
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CHAPTER 5 

LEGISLATIVE ACTION TO INFORM DIABETES PREVENTION 

 POLICY IN ARIZONA: A DESCRIPTIVE STUDY 

5.1. Introduction 

 Evidence-based health policies are essential for the progression of public health. 

Public health policy can be defined broadly and be enforced through laws, regulations, 

and judicial decrees (Brownson, Chriqui, & Stamatakis, 2009b). Recognizing key factors 

that help inform the policymaking process is vital to forging evidence-based public health 

policy (Brownson, Chriqui, & Stamatakis, 2009b). The use of scientific research models 

(Rütten et al., 2003; Davies, Nutley, & Walter, 2005; Schmid, Pratt, & Witmer, 2006) to 

some extent has allowed policymakers to advance health policy more efficiently. 

However, opposing research shows that policy decisions are often made in the context 

of finance, power, and precedent (Black, 2001). Evidence-based policy is multifaced and 

the application of research may forego in the decision legislative process.    

 Diabetes has become an increasing problem in public health. Following the 

Affordable Care Act (ACA), there was a concerted effort among state policymakers, 

healthcare providers, and health systems to expand the provision of evidence-based 

diabetes prevention programs and other lifestyle interventions to delay the onset of 

diabetes (Konchak, Moran, O’Brien, Kandula, & Ackermann, 2016). One of the essential 

focal points of the ACA was to fiscally allocate funds to federal and state agencies to 

institute policy, systems, and environmental changes to prevent chronic diseases 

(Konchak et al., 2016). Furthermore, understanding the intricacies of health policy and 
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research and their alignment to policy makers’ priorities ensures that research findings 

are relevant and meaningful in the decision-making process (Blendon & Steel Fisher, 

2009). Brownson showed that among many factors, experts’ credentials, involvement of 

stakeholders early in the policymaking process, policy transparency and impartiality can 

have direct consequences on how policymakers discern information on particular policies 

(Brownson et al., 2006). Public policy in relation to disease prevention has been minimally 

studied, necessitating the examination on how state elected officials garner information 

concerning diabetes evidence-based public policies. 

Arizona elected officials have strongly supported diabetes specific policies in the 

past. For example, Ariz. Rev. Stat §15-344.01 dictates that school district governing 

boards and/or a charter school governing body may adopt policies and procedures to 

designate two or more school employees to serve as voluntary diabetes care assistants 

for the administration of insulin and glucagon needed for glycemic control among young 

pupils (Arizona State Legislature, n.d.). This policy also allows students to carry diabetes 

medication and monitoring equipment for proper diabetes management. Although this 

legislation was successfully passed through the Arizona State Legislature, information on 

how legislators generated an informed decision on supporting this policy is not widely 

understood. The State of Arizona Legislature, a bicameral legislature, is comprised of two 

assemblies; the Senate and House of Representative. The Arizona Senate is made up of 

30 senators; one for each of the state districts (54th-State Legislature; n=13 Democrats 

and n=17 Republicans). The House of Representative stands at 60 members, 2 

representatives per district (54th-State Legislature; n=29 Democrats and n=31 



 

 

76 

 

Republicans). The focus of this study is to determine how legislators generate information 

in support of diabetes prevention policies in Arizona.  

5.2. Methods 

 Survey questions were adapted from the Canfield-Davis study on legislative 

decision-making (Appendix C) (Canfield-Davis et al., 2010), and were administered to 

members of the 2019 54th Arizona State Legislature. Participants were recruited via email 

as listed on the Arizona State Legislature website (azleg.gov). Survey instrument was 

designed in Qualtrics (Qualtrics LLC, Provo UT, USA), where participant emails were 

imputed for survey dissemination. The survey instrument was structured with open ended 

and rank-order questions and was administered via email from November 2018-February 

2019, and in-person at the Arizona Diabetes Day at the Capitol on February 2019. Prior 

to survey dissemination, the survey was tested among a small group (n=5) of advocacy 

stakeholders, lobbyists, and academics for organizational structure, succinctness, and 

clarity. Three email attempts were sent over the data collection period, to include two 

telephonic follow-up calls. Additionally, the survey was championed in both legislative 

chambers by a state senator and a representative. All responses were anonymously 

recorded. Data responses were extracted for descriptive statistics (mean length of service 

on state legislature, age, gender composition, political affiliation, etc.) in Qualtrics. Newly 

elected legislators with less than a year of service were opted into the one year of service 

category for analysis. This study was fully reviewed and approved by the University of 

Arizona Institutional Review Board. 

5.3. Results 
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 The survey yielded an overall response rate of 17% (N=16) despite several 

reminder attempts via email and by phone. Of those surveyed, there was an even 

distribution of respondents by legislature role with 50% senators (n=8) and 50% 

representatives (n=8). Fifty-six percent (n=9) of the respondents self-reported as 

Democrats and 44% (n=7) as Republicans (Table 15). There was a greater response by 

males (67%; n=10) compared to females (33%; n=5). Most of the respondents (29%) 

belong to the 45-54 and 65+ years age-groups. The mean length of service on the state 

legislature was 6.1 ± 4.7 years.  

Sixty two percent (n=10) of the Arizona legislators identified legislative leadership 

(staffers, Committee Chairs, House Speaker, President pro tempore of the Senate, etc.) 

as important to retrieving information on health-related bills with a 14% response rate.  

Nine legislators (56%) believe that expert testimonials (13%) were a vital source for 

decision-making on health-related issues, while advocacy groups and coalitions, 

lobbyists, and healthcare professionals (physicians, nurses, pharmacists, etc.) were 

ranked at 11% as integral sources of retrieving information on health-related bill which 

they may know little about (Figure 6). Social media was the least favorable source of 

information on health-related issues. When asked specifically which organizations or 

groups legislators sought guidance for diabetes-related issues, an alarming 57% (n=8) 

reported “none,” while an even split of 21% (n=3) reported contacting the American 

Diabetes Association or community-based organizations/health groups (Table 16). 

Advocacy groups and coalitions (39%), the state health department (23%), and certified 
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diabetes educators (39%) were ranked as the top three groups/individuals that are 

influential in supporting diabetes prevention policies in Arizona (Figure 7).  

The Governor (54%) was deemed least influential in supporting diabetes 

prevention policies in the state. Respondents believed that fiscal impact (53%) was a 

‘very influential’ factor in determining the fate of a proposed diabetes prevention policy in 

the legislature as well as constituents’ narratives (40%) and legislative leadership (36%), 

while advocacy groups and coalitions (33%) were considered as ‘extremely influential’ 

factors to the success of diabetes prevention policies in a given legislative session (Figure 

8). Arizona legislators equally (57%) identified access to care and socioeconomic status 

as “extremely important” social determinants of public health that may contribute to the 

development of type 2 diabetes (Figure 9). Secondly, the built environment (e.g., walkable 

pathways, safe neighborhoods, access to affordable facilities after hours for physical 

activity, lighting, zoning, etc.) was considered as a “very important” factor to the 

development of type 2 diabetes. Though a small sample of Arizona legislators responded 

to this survey, this exploratory analysis allowed us to identify how legislators generate 

informed decisions for diabetes prevention policy in Arizona.  

5.4. Discussion 

Given their positionality and time commitment, state legislators may be reluctant 

to answering a survey instrument, which coincides with the declining response rates that 

have been observed since the 2000s (Maestas, Neeley, & Richardson Jr, 2003). Even 

though a low survey response was evident, this study helps build the foundation for future 

studies seeking to explore legislative decision-making processes regarding diabetes 
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prevention policies or other health-related policies in Arizona. While addressing diabetes 

morbidity and mortality remains as one of the fifteen strategic priorities for the Arizona 

Department of Health Services—Arizona Health Improvement Plan, diabetes prevention 

education has fallen short in achieving accessibility and affordability to the most 

vulnerable communities. It is therefore important to understand how to garner legislative 

support to propose evidence-based policies aimed at improving the lives of Arizonans as 

stipulated by the Arizona Health Improvement Plan.  

While advocacy groups were ranked as influential leaders for supporting diabetes 

prevention policies in Arizona, half of the legislators could not identify specific groups or 

stakeholders whom they could reach for guidance on diabetes-related issues. Personal 

relationships between decision makers and communities may help facilitate the 

translation of scientific research into evidence-based policy making (Gollust et al., 2017). 

The Arizona Diabetes Coalition, a visible advocacy group comprised of over 250 

organizations may present itself as a viable opportunity to disseminate diabetes-related 

health information that is evidence and scientifically grounded to members of the Arizona 

State Legislature who may not be in tune with the current diabetes state of affairs. One 

study indicated that 88% of legislators mentioned professional and advocacy 

organizations as an important source of scientific information on health topics (E. A. 

Dodson, Geary, & Brownson, 2015). Moreover, fostering and cultivating relationships 

between interest groups and policymakers may lead to the formation of ‘policy networks,’ 

which may be powerful to setting agendas and initiating policy debates pertinent to health 

issues (Hanney, Gonzalez-Block, Buxton, & Kogan, 2003). Consistent with the findings 
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from this study, Sorian and Baugh concluded that state agencies, legislative staff, as well 

as non-profit organizations and state/local advocacy groups were the top four 

organizations where state health policymakers seek information about and to inform 

health care policy (Sorian & Baugh, 2002). Therefore, conclusions from this study support 

the need to leverage strategic partnerships to promote evidence-based diabetes 

prevention policies that are sustainable. Given that fiscal impact plays an important role 

in the success of a diabetes prevention policy in Arizona, this dissertation (Chapter 3) has 

shown that a diabetes prevention intervention results in state-wide medical savings and 

overall net diabetes prevention program costs-savings.  

The social and economic determinants of health have shifted the public health 

paradigm in the identity of non-biological factors that correlate with a higher incidence of 

type 2 diabetes. Instituting policies that address the social, behavioral, and economics of 

health status are pivotal and underscore the importance in delaying disease progression 

and alleviating health disparities through systems and environmental changes among 

communities at higher risk for type 2 diabetes. For example, a systematic review showed 

that access to healthcare, economic stability, neighborhood and built environment, and 

education have an impact on blood glucose control and other risk factors for diabetes 

(Walker, Smalls, Campbell, Williams, & Egede, 2014). The present study also determined 

that Arizona legislators believed access to healthcare services, education attainment, and 

socioeconomic status were extremely important factors that contribute to the 

manifestation of diabetes. Therefore, it is wisely encouraged that Arizona legislators 
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consider addressing the social determinants of health during all stages of the diabetes 

prevention policymaking process.  

5.5. Study Limitations 

 This study had two major limitations. Although all 90 members of the state 

legislature were surveyed via email with reminders and in-person follow-up, the overall 

response rate was low. Therefore, the findings from this study may not be generalizable 

across all members of the Arizona State Legislature. One other study limitation was the 

survey dissemination and data collection period. The 2018 midterm election was an 

important cycle in Arizona politics where legislators where occupied with election and 

reelection campaigns, as well as securing leadership positions in special interest 

committees within the 54th Arizona State Legislature. The data collection timeframe for 

this study may not have been ideal, thus producing a lower response rate than 

anticipated. Lessons learned from this descriptive study also indicate that building one-

on-one relationships with legislators’ staff and aids may be an opportunity to increase 

survey response rate. Further, follow-up conversations by telephone as well as individual 

scheduled appointments may be opportune to amplify survey responses.    

5.6. Conclusion 

Arizona legislators viewed advocacy groups and coalitions as imperatives to 

influence the decision-making process for diabetes prevention. Among other factors, 

expert testimonials whether it is through a variety of stakeholders or health entities and 

legislative leadership, showed to be main sources of information sought by legislators on 

health care policy issues. Findings from this study also indicate that although advocacy 
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groups and coalitions may have influence on health policies, awareness of diabetes 

specific groups and organizations must be raised among Arizona legislators for guidance 

on diabetes related health issues. Lastly, from a population health stand point, the social 

determinants of public health must be addressed and integrated into all policies to 

improve the health outcomes and provide optimal health for all communities.  
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Table 15: Arizona State Legislature characteristics  

  Total (N=16) 

Arizona State Legislature Role   

Senator 50% (n=8) 

Representative  50% (n=8) 

Political Party Affiliation    

Democrat 56% (n=9) 

Republican  44% (n=7) 

Gender   

Male 69% (n=11) 

Female 31% (n=5) 

Age Group (years)   

18-24 0 

25-34 20% (n=3) 

34-44 20% (n=3) 

45-54 27% (n=4) 

55-64 7%   (n=1) 

65+ 27% (n=4) 

 

Mean length (in years) of service in the 
Arizona State Legislature (SD) 

 
6.1 (4.7) 

 
 
Table 16: Groups sought for guidance on diabetes-related issues 

 Total (N=14) 

American Diabetes Association 21% (n=3) 

Community-based organizations 21% (n=3) 

None 57% (n=8) 
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Figure 6: Sources of information for decision-making on health-related bills†  
 

 
 

*  Advocacy groups and coalitions include the American Diabetes Association, healthcare and disease specific 
coalitions, Tribal Coalitions, health foundations, etc. 
** Healthcare professionals include physicians, nurses, pharmacists, etc.  

  †  Respondents had the option of selecting more than one choice. 
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Figure 7: Groups/individuals influential for supporting diabetes prevention policies in Arizona (n=13) 
 

 
 
Advocacy groups and coalitions include the American Diabetes Association, healthcare and disease specific coalitions, Tribal Coalitions, health foundations, etc. 

Percentages may not add up to 100% due to rounding. 
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Figure 8: Factors that influence the passage or failure of proposed diabetes prevention policies in the Arizona 
legislature (n=15) 
 

 
 

Advocacy groups and coalitions include the American Diabetes Association, healthcare and disease specific coalitions, Tribal Coalitions, health foundations, etc.  

Percentages may not add up to 100% due to rounding.  
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Figure 9: Social and economic factors that contribute to the development of diabetes (n=14) 
 

 
Built environment is defined as walkable trails or sidewalks, access to recreational parks, street lighting, availability of exercise facilities, etc. 
Percentages may not add up to 100% due to rounding.
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CHAPTER 6 

CONCLUSIONS AND POLICY RECOMMENDATIONS 

6.1. Overall conclusions 

Diabetes is a public health phenomenon that impacts approximately 422 million 

people across the globe. In the United States and Arizona, diabetes is the 6 th leading 

cause of death, and one out of three Americans are diagnosed with prediabetes. While 

Medicaid beneficiaries remain a vulnerable group at greatest risk for prediabetes, Arizona 

is one of the many states with no Medicaid coverage policies for primary prevention via 

the National Diabetes Prevention Program (DPP). Additionally, limited research indicates 

the necessity to determine how policymakers generate informed decisions in support of 

evidence-based public health policies. This dissertation used innovative methods to shed 

light on the public health issue of prediabetes from an epidemiological, economic, and 

legislative lens, while understanding key best-practices from other states in the U.S. with 

successful diabetes prevention coverage policies.  

To date, the Behavioral Risk Factor Surveillance System (BRFSS) is the only 

surveillance system to estimate the statewide prevalence of prediabetes. Utilizing the 

Health Information Exchange (HIE) as a data conduit, this dissertation estimated the 

prevalence of prediabetes from a large commercial laboratory (Sonora Quest 

Laboratories, LLC.) from 2012-2017. Data from this dissertation indicates that the 

aggregate prevalence of prediabetes for those that were referred for prediabetes 

screening by a physician is 19.7%; approximately two times higher than the estimates 

reported by BRFSS in 2016. Although this dissertation did not conduct comparative formal 
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analyses between BRFSS and SQL prediabetes data, this dissertation elevates the 

applicability of commercial laboratory data as a potential surveillance mechanism for 

prediabetes and diabetes in Arizona. 

Prediabetes annual health care spending in the United States could rise to $512 

billion by 2021, with a cumulative cost of $3.5 trillion when coupled with diabetes. (Vojta 

et al., 2012) Although these national projections are alarming, diabetes cost analyses 

have not been fully conducted in Arizona to demonstrate costs savings from a diabetes 

prevention intervention. Leveraging the prediabetes epidemiological data, this 

dissertation estimated the medical and cost savings of a diabetes prevention program 

from a sample size of approximately 380,000 Arizonans eligible to participate in the DPP. 

As Arizona and the nation undergo transformative health care changes, health and 

economic policies that are cost-saving and effective are warranted. Based on this 

dissertation, cost estimates indicate that the DPP generates approximately $4.3 billion in 

medical cost-savings for those benefiting from a DPP intervention. At year one of the DPP 

intervention, the program generates approximately $3.6 billion in net cost-saving 

compared to the total medical costs incurred without a DPP intervention. At 10 years of 

DPP implementation, the costs-savings are even greater at approximately $4.2 billion. 

Dodson et al. concluded that policymakers value costs data (e.g., cost of healthcare) as 

critical to supporting and endorsing policies of particular interest to their own states (E. A. 

Dodson et al., 2015). Conclusions from this dissertation support that policies aimed at 

providing coverage for diabetes prevention are cost-saving, curtailing the health care 

expenditures associated with diabetes care as well as the programmatic costs associated 
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with the delivery of the DPP in Arizona. Primary prevention represents a strategy for 

improving health, reducing costs, and increasing quality of life. It is crucial that public 

health and economic policies aimed at supporting evidence-based prevention programs 

are considered as pillars to curbing the burden of diabetes at the state level. Results from 

this dissertation may not only help to contribute to the economic prosperity of the state of 

Arizona, but also afford the proposal health policies that are cost saving and effective.  

Diabetes prevention and control efforts are a strong force to minimizing the burden 

of diabetes in community settings. To date, a selected number of states have successfully 

passed evidence-based public policies for the provision and coverage of the DPP by their 

respective Medicaid programs. Vermont, Minnesota, California, and Montana, though 

geographically diverse, have commonly identified that strategic partnerships, financial 

incentives for DPP implementation, leadership support from state health authorities, and 

reimbursement payment models for DPP sustainability were integral in achieving diabetes 

prevention coverage by Medicaid. This dissertation contributes to understanding the best 

practices from these key states and their ability to leverage resources from statewide 

strategic partners and leaders. Informing public policy in Arizona does not require to re-

invent the wheel. Rather, it requires to examine the various angles of the policymaking 

process (formation, formulation, adoption, implementation, and evaluation) through the 

lens of state agencies. As states become models for diabetes prevention policy, the case 

study component of this dissertation disentangled the policymaking process undertaken 

by these states in hope of understanding and shaping diabetes health policy in Arizona.  
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Government, through legislative and administrative action, has the primary 

responsibility to advance the public’s health by acting on behalf of their constituents. To 

promote statewide evidence-based diabetes prevention policies, this dissertation 

concluded that members of the Arizona State Legislature view advocacy groups, 

legislative leadership, and expert testimonials as information gate keepers for decision-

making process in supporting, proposing, and endorsing health policies. Learning from 

education policy, previous studies have shown that state legislators are more willing to 

support policies that do not negatively impact other state-funded programs, reduce 

expenditures, show cost-savings, and promote a positive fiscal impact on implementing 

the proposed policy or legislation (Canfield-Davis et al., 2010). Consistent with this 

literature, Arizona legislators considered fiscal impact to be a very influential factor in 

determining whether a proposed evidence-based diabetes prevention policy would pass 

or fail in the state legislature. The crux of enacting evidence-based public health policies 

in Arizona begins with deeply examining the legislative process and its power to institute 

changes for the well-being of statewide constituency.  

Undoubtedly, diabetes is inextricably a major public health issue in Arizona. This 

dissertation provides a comprehensive understanding of the prevalence of prediabetes, 

illustrates the fiscal implications of a diabetes prevention program intervention, and 

assesses best-practices and the policymaking processes from other states with DPP 

coverage policies, as well as determining how the Arizona State Legislature generates 

information to advance the health of all Arizonans via diabetes prevention policies.  
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6.2. Policy recommendations 

 Minimizing and controlling the burden of prediabetes and diabetes in Arizona is 

critically important to public health practitioners, healthcare providers, and policymakers. 

The following set of policy recommendations seek to augment the work of strategic 

partners and alliances devoted to advancing diabetes healthcare in Arizona. 

1. Surveil the status of prediabetes in Arizona through the continuation of 

diagnostic laboratory data mining. 

Data frameworks for surveillance purposes have allowed public health entities to 

monitor disease trends. Prediabetes and diabetes are chronic conditions that 

require continued surveillance. To develop evidence-based public health 

interventions aimed at reducing diabetes morbidity and mortality, it is important to 

identify alternative data sources that contribute to estimating the burden of disease 

in real-time. Developing data sharing agreements and protocols between 

commercial laboratories and state and local health departments can have positive 

impacts on enhancing existing disease surveillance systems in Arizona. 

Additionally, prevalence estimates through the analysis of large data may help 

Arizona policy and lawmakers discern information on health policies that have 

greater reach and address public health problems beyond individual 

constituencies. 

2. Identify synergistic and programmatic intersections between the Arizona 

Department of Health Services (ADHS) and Arizona’s Medicaid Program 
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(Arizona Health Care Cost Containment System) on diabetes prevention 

efforts. 

Fostering strategic partnerships between the two leading health agencies in 

Arizona can provide the opportunity to explore funding mechanisms that facilitate 

the implementation of diabetes prevention coverage policies. While ADHS’ role is 

to monitor disease trends and develop novel public health interventions to curb the 

incidence of type 2 diabetes, its Diabetes Prevention and Control Program is well 

positioned to foster and cultivate relationships with decision makers and leadership 

from ADHS and AHCCCS to identify collaborative intersectionalities that improve 

the lives of approximately 380,000 Arizonans eligible to participate in the DPP. 

3. Engage in the 2021 Arizona’s 1115 Medicaid demonstration waiver process 

to initiate reimbursement mechanisms and payment reform for diabetes 

prevention. 

The 1115 Medicaid demonstration waiver application of 2021 provides a valuable 

opportunity to modify State Plan Amendments to the CMS, permitting AHCCCS to 

claim federal Medicaid matching funds for the reimbursement of new health 

services and propose diabetes prevention education as a covered service under 

AHCCCS health plans. States have used 1115 waivers as a vehicle to expand 

services and coverage, change delivery systems, and modify provider payment 

systems. Although the 1115 demonstration waiver does not warrant sustainability 

of programs after its 5-year cycle, it does allow the CMS to ascertain how 

preventive programs help reduce health expenditures and address federal and 
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state budget shortfalls. Given that budget neutrality caps for 1115 Medicaid 

demonstration projects are established on state spending, the cost-savings of the 

DPP provides strong evidence for waiver approval by the CMS. 1115 Medicaid 

demonstration projects can build upon the lessons learned from the Medicare 

Diabetes Prevention Program, which became reimbursable in 2018. 

4. Support the implementation HB2258-Diabetes Action Plan.  

In 2018, the Arizona State Legislature introduced and passed the House Bill 2258 

(HB2258)—Diabetes Action Plan, amending Ariz. Rev. Stat §36-142, requiring the 

ADHS to update the burden of prediabetes and diabetes biennial beginning on 

January 1, 2019. State-level diabetes experts and leaders may leverage data from 

this dissertation to directly impact four out of the eight recommended policies and 

actions as stipulated by the Diabetes Action Plan (Rascon, 2019): 

• Support and integrate a data framework for data enhancement and 

integration that enables the use of a healthcare disease burden and cost 

estimation to track diabetes across the state; 

• Use data for surveillance purposes with investment in analytics, data 

translation, and data visualization to drive decision making; 

• Encourage all health plans in Arizona to provide diabetes prevention 

benefits as part of health coverage and; 

• Promote access to and coverage of evidence-based lifestyle programs, 

including the DPP, across Arizona. 
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APPENDICES 

APPENDIX A 

LETTER OF DATA REQUEST TO SONORAL QUEST LABORATORIES, LLC. 
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APPENDIX B 

KEY INFORMANT INTERVIEW QUESTIONNAIRE  

   

 
 

State Participant (Staff or 
Stakeholder) 

Participant ID 

   

Interview Start Time: Interview Stop Time: 

Interview Location:   

 
Given that your state has been a model of influence in proposing and enacting 
evidence-based diabetes prevention policies, the following questions will help us to 
determine how we can learn from your accomplishments and replicate these efforts in 
Arizona.  
 
With your permission, the following questions and answers will be recorded. 
Diabetes Prevention and Control Program and Medicaid Program Staff Questions   
 
Policy Formation and Formulation 
1. What groundwork was conducted to promote the visibility and impact of the diabetes 

prevention in your state? 

a. As a follow-up, was funding a factor on initiating the policy process?  

2. What support was provided to you by your higher leadership at the Health 

Department to work on diabetes prevention policy?   

3. What pieces of information were needed or not needed to initiate diabetes 

prevention policy efforts? 

4. How were your Medicaid programs engaged in the process? 

Policy Adoption  
1. How did your State work with members of the Legislature or key legislative staff to 

promote diabetes prevention policies in your state? 

2. How critical was political affiliation into the support of diabetes prevention policies? 

3. What role did your State key stakeholders play in the adoption of diabetes 

prevention policies in your state? 

a. Can you identify 1-2 key stakeholders involved in the process? May we 

contact them? 
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Policy Implementation 
1. How did Medicaid go about instituting changes and reimbursing diabetes prevention 

education or the DPP?  

2. Did your state legislature value numeric data (such as burden of prediabetes or the 

number of people with prediabetes) more than personal narratives from the 

community or constituency?  

Policy Evaluation 
1. What efforts have you conducted along your Medicaid program to ensure the 
sustainability of diabetes prevention programs in your state? 
2. What were the institutional, political, and financial results of this policy? Were 
these results different from those that were expected? 
 
Not all the above questions will be asked to stakeholders. Some questions will be 
reformatted to meet the intended audience. 
 
Diabetes Program Stakeholder Questions (If identified by the program staff)  
 
Policy Formation and Formulation 
1. What ground work was conducted to promote the visibility and impact of the 

diabetes prevention in your state? 

As a follow-up, was funding a factor on initiating the policy process?  
2. What pieces of information were needed or not needed to initiate diabetes 

prevention policy efforts? 

3.  

4. Why was supporting diabetes prevention policies important to you? 

Policy Adoption  
1. What role did play in the adoption of diabetes prevention policies in your state? 

 

2. How did you or the organization you represent worked with members of the 

Legislature or key legislative staff to promote diabetes prevention policies in your 

state? 

 

3. How critical was political affiliation into the support of diabetes prevention policies? 

Policy Implementation 
How did Medicaid go about instituting changes and reimbursing diabetes prevention 
education or the DPP?  
What data do you believe your state legislature values when implementing policies? 

a) numeric data (such as burden of prediabetes or the number of people 

with prediabetes)  

b) Personal narratives from the community or constituency?  
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c) Both, numeric and personal stories. 

Policy Evaluation 
What were the institutional, political, and financial results of this policy? Were these 
results different from those that were expected? 
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APPENDIX C 

STATE OF ARIZONA DIABETES PREVENTION LEGISLATIVE SURVEY 

 

 
2019 Diabetes Prevention Policy-Arizona State Legislature Survey 

 
Dear State Senator/Representative: 
  
Diabetes is a costly health problem impacting your constituency, but it can be 
prevented. Your participation in this survey will allow us to determine policy processes 
for diabetes prevention in Arizona. Participation is voluntary and will remain 
anonymous. By agreeing below, you consent to voluntarily participate in this short and 
informative survey to understanding the legislative process of diabetes prevention 
policies in Arizona.  Survey can be taken online by scanning the QR code below with 
your mobile device camera or by completing the answers below.  
 

 
  
If agree, please proceed to complete the following. Thank you.  

 Yes 

 No 

 

1. Are you currently a State Senator or Representative? 

 Senator 

 Representative 

 

2. What is your political party affiliation? 

 Democrat 

 Republican 

 Independent 

 Other 
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3. How do you become informed on a health-related bill which you may know very 

little about? Select all that apply.  

 Advocacy groups and health coalitions (e.g., Vitalyst Health Foundation, 

Arizona Healthcare Coalitions, Tribal Health Coalitions, etc.)  

 Colleges and Universities (Academics) 

 Colleagues in the legislature 

 District Constituency 

 Evidence-based research 

 Expert testimonials 

 Legislative Staffers 

 Lobbyists 

 Medical Doctors, Nurses, Pharmacists, or other health care professionals 

 News outlets 

 Social media  

 Web search 

 

4. What organizations or groups do you contact for guidance on diabetes-related 

issues? 

 

5. Rank the following groups / individuals in order from MOST to LEAST influential 

for supporting diabetes prevention policies in Arizona. (In rank order with #1 

being the MOST influential and #11 the LEAST influential) 

________ Advocacy groups and health coalitions (e.g., American Diabetes  
      Association, Arizona Diabetes Coalition, Vitalyst Health Foundation,    
      etc.)  

________ Certified diabetes educators 
________ Researchers and Professors from Colleges and Universities  

      (Academics) 
________ Constituents 
________ Governor 
________ Lay health leaders interested in diabetes health/care 
________ Legislative Leadership 
________ Local Health Departments  
________ State Health Department 
________ Medical Doctors, Nurses, Pharmacists, or other health care  

      professionals 
________ Indian Health Service  
 

6. Please rate how influential are the following factors in determining whether a 

proposed diabetes prevention policy would passage or fail in the legislature?  
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Factors 

Not at all 
influential 

Slightly 
influential 

Somewhat 
influential  

Very 
influential  

Extremely 
influential 

1 2 3 4 5 

Advocacy groups and Coalitions      

Committee Chairs      

Constituents      

Disease burden across the state      

Fiscal impact      

Governor      

Legislative leadership       

Political party support      

Timing relative to election      

 
7. In addition to family history of diabetes or genetics, how important are the 

following factors to developing diabetes. 

 
Factors 

Not at all 
important 

Slightly 
important 

Somewhat 
important 

Very 
important 

Extremely 
important 

1 2 3 4 5 

Access to health care services      

Built environment (i.e., walkable 
trails or sidewalks, access to 
recreational parks, street lighting, 
availability of exercise facilities, 
etc.) 

     

Educational Attainment      

Food desserts or food insecurity      

Socioeconomic status      

 

8. Gender 

 Male 

 Female 

 

9. Age 

 18 to 24 years 
 25 to 34 years 
 35 to 44 years 
 45 to 54 years 
 55 to 64 years 
 Age 65 or older 

 
10. What is your length of service (in years) in the Arizona State Legislature? 
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APPENDIX D 

INSTITUTIONAL REVIEW BOARD APPROVAL 
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Consent Version: 05/25/2018 

  Page 103 of 121  

 
 

University of Arizona  
Consent to Participate in Research 

Study Title: Evidence-based research for diabetes prevention policy in Arizona. 

Principal Investigator: Omar A. Contreras, MPH. 
 

You are being asked to participate in a research study. Your participation in this research study 
is voluntary and you do not have to participate. This document contains important information 
about this study and what to expect if you decide to participate.  Please consider the information 
carefully. Feel free to ask questions before making your decision whether or not to participate. 

Study Overview 

Given the multiplicity of factors that underpin the support and enactment of evidence-based 
diabetes prevention health policies, researchers must take an integrated approach to 
understanding the data-driving decisions of legislators and policy makers. In the state of Arizona, 
reimbursement for coordinated diabetes prevention programs is not supported by Medicaid and 
no diabetes prevention health policies have been enacted. Therefore, the overall goal of this 
study is to generate the necessary data to inform legislation for diabetes prevention policies. This 
study will focus on understanding the processes of enacting diabetes prevention policies through 
the lens of the Arizona Legislature and its impact on the Arizona’s Medicaid system; to elucidate 
the burden of prediabetes and diabetes, estimate projections of cost net savings of the diabetes 
prevention, and conduct a case study on the best practices from three key U.S. states with 
successful diabetes prevention policies and their respective Medicaid systems. 

This project is estimated to take place from 1-2 years. Key informant interviews will be conducted 
with key staff diabetes prevention and control staff and stakeholders of five state health 
departments. Interviews will last on average 30 mins-1 hour. Additionally, surveys will be 
administered to elected officials from the Arizona State Legislature to understand the policy 
process of diabetes prevention. Surveys are expected to be completed in 10 mins or less. Surveys 
will be completed online or in-person.  

There are no expected risks to you as a result of participating in this study. This study will help 
inform best practices for diabetes prevention education policies in Arizona.  
Your name will not be used in any report or publications. Identifiable research data will be 
encrypted and password protected. Your responses will be assigned a code number for  
 

Consent Version: 05/25/2018 
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confidentiality.  The list connecting your name to this code will be kept in an encrypted and 
password protected file.  Only the principle investigator of this research study will have access to 
the file.  
 
Information collected from this study will only be used for future research or shared with another 
researcher after obtaining your consent. The aims of this study hope to augment the knowledge 
on how policy processes for diabetes prevention work in Arizona, by using other states as 
examples with sophisticated and robust diabetes prevention education and programs.  
For key informant interviews, I would like to audiotape this interview so that I can make an 
accurate transcript.  Once I have made the transcript, I will erase the recordings. Your name will 
not be in the transcript or my notes. For online or in-person surveys of the Arizona State 
Legislature, each participant will be assigned a unique ID with no trace of identification. Findings 
from the online or in-person survey will also be coded for analysis, but no name will be recorded 
for each survey.  
 
The information that you provide in the study will be handled confidentially. However, there may 
be circumstances where this information must be released or shared as required by law. The 
University of Arizona Institutional Review Board may review the research records for monitoring 
purposes. For questions, you may reach the principle investigator, Omar Contreras at 
omarc@email.arizona.edu or via phone at 520-256-0299. 
 
For questions, concerns, or complaints about the study you may contact the principle 
investigator, Omar Contreras at omarc@email.arizona.edu or via phone at 520-256-0299. 
For questions about your rights as a participant in this study or to discuss other study-related 
concerns or complaints with someone who is not part of the research team, you may contact the 
Human Subjects Protection Program at 520-626-6721 or online at 
http://rgw.arizona.edu/compliance/human-subjects-protection-program.  
  

mailto:omarc@email.arizona.edu
mailto:omarc@email.arizona.edu
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