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Abstract

Introduction: Intensive behavioral counseling is effective in preventing type 2 diabetes, and 

insurance coverage for such interventions is increasing. Although primary care provider referrals 

are not required for entry to the Centers for Disease Control and Prevention (CDC)–recognized 

National Diabetes Prevention Program lifestyle change program, referral rates remain suboptimal. 

This study aims to assess the association between primary care provider behaviors regarding 

prediabetes screening, testing, and referral and awareness of the CDC-recognized lifestyle change 

program and the Prevent Diabetes STAT: Screen, Test, and Act Today™ toolkit. Awareness of the 

lifestyle change program and the STAT toolkit, use of electronic health records, and the ratio of 

lifestyle change program classes to primary care physicians were hypothesized to be positively 

associated with primary care provider prediabetes screening, testing, and referral behaviors.

Methods: Responses from primary care providers (n= 1,256) who completed the 2016 DocStyles 

cross-sectional web-based survey were analyzed in 2017 to measure self-reported prediabetes 

screening, testing, and referral behaviors. Multivariate logistic regression was used to estimate the 

effects of primary care provider awareness and practice characteristics on these behaviors, 

controlling for provider characteristics.

Results: Overall, 38% of primary care providers were aware of the CDC-recognized lifestyle 

change program, and 19% were aware of the STAT toolkit; 27% screened patients for prediabetes 

using a risk test; 97% ordered recommended blood tests; and 23% made referrals. Awareness of 
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the lifestyle change program and the STAT toolkit was positively associated with screening and 

referring patients. Primary care providers who used electronic health records were more likely to 

screen, test, and refer. Referring was more likely in areas with more lifestyle change program 

classes.

Conclusions: This study highlights the importance of increasing primary care provider 

awareness of and referrals to the CDC-recognized lifestyle change program.

INTRODUCTION

Diabetes is common, costly, and responsible for significant morbidity and mortality in the 

U.S. The total economic cost of diagnosed diabetes in 2017 was estimated to be $327 

billion,1 with more than 200,000 people dying each year, making it the seventh leading 

cause of death.2 Nationally, an estimated 30.3 million people have diabetes, and an 

additional 84.1 million (33.9%) adults have prediabetes.2 Prediabetes is a serious health 

condition characterized by blood glucose levels that are elevated, but not high enough to be 

classified as diabetes.3 People with prediabetes are at increased risk of developing type 2 

diabetes, heart disease, and stroke, and tend to have higher healthcare utilization and 

expenditures.4–6

Individuals with prediabetes can mitigate their clinical and economic risks by participating 

in a structured, evidenced-based lifestyle change program (LCP), such as the one offered 

through the Centers for Disease Control and Prevention (CDC)–led National Diabetes 

Prevention Program (n=ational DPP). The National DPP is a partnership of public and 

private organizations working to reduce the burden of type 2 diabetes by building the 

infrastructure for nationwide delivery of a yearlong LCP.7 The program is modeled after the 

DPP research study,8 and subsequent translational studies,9–16 to prevent or delay onset of 

type 2 diabetes. DPP participants lost on average 5%–7% of their body weight and reduced 

their risk of developing type 2 diabetes by 58% for adults aged 25 years or older and 71% 

for those aged 60 years or older.8 Early results from CDC’s National DPP showed an 

average weight loss of 4.2%, with 35.5% of participants achieving 5% or more weight loss.
17 The Community Preventive Services Task Force and the U.S. Preventive Services Task 

Force issued recommendations for clinicians, specifying screening and testing guidelines, 

and suggesting that all patients with laboratory results in the prediabetes range be referred to 

an evidence-based type 2 diabetes prevention program18 to reduce type 2 diabetes risk19 and 

improve cardiometabolic risk factors.20,21

This evidence led the American Medical Association (AMA) to partner with CDC to launch 

the Prevent Diabetes STAT™ initiative in 2015 aimed at increasing awareness of the 

National DPP. The collaboration developed audience-specific messages around three key 

steps: (1) Screen patients for prediabetes using available risk tests; (2) Test for prediabetes 

among patients at risk using either a hemoglobin A1c, 2-hour glucose tolerance, or fasting 

plasma glucose test; and (3) Act Today by referring patients with prediabetes to CDC-

recognized LCP classes. The Prevent Diabetes STAT website provides a toolkit with 

materials to engage and aid healthcare providers in incorporating the screening, testing, and 

referral processes into their practices and workflows. In January 2016, the first national 
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campaign was launched in partnership with the Ad Council, CDC, AMA, and the American 

Diabetes Association (ADA) to raise awareness of prediabetes and the importance of 

assessing risk.

Despite considerable evidence of the benefits associated with participation in a structured 

LCP and increasing insurance/employer coverage, healthcare provider referral rates remain 

suboptimal.22,23 There is limited research documenting primary care provider (PCP) 

awareness of the CDC-recognized LCP and the STAT toolkit, and the relationship between 

their awareness and behaviors regarding screening, testing, and referral to the CDC-

recognized LCP. Based on their experiences working with healthcare providers, AMA and 

CDC developed a conceptual model (Appendix Figure 1) and used this to design survey 

questions to assess these associations and identify factors that may contribute to low rates of 

referrals to the CDC-recognized LCP. Awareness of the CDC-recognized LCP and the STAT 

toolkit, use of electronic health records (EHRs) to manage patients, and practicing in areas 

with a high ratio of LCP classes to primary care physicians were hypothesized to be 

positively associated with PCPs’ self-reported behaviors on prediabetes screening, testing, 

and referral.

METHODS

Study Sample

Three data sources were used for this study. The primary source was the 2016 DocStylesa 

cross-sectional web-based survey administered by Porter Novelli, a public relations firm 

with a specialty practice in health and social marketing, between June and July, including a 

main sample of primary care physicians and additional samples of other specialties drawn 

from SERMO’s Global Medical Panel.b Physicians and nurse practitioners (NPs) were 

included if they had been practicing for ≥3 years in the U.S., actively seeing patients, and 

working in an individual/group outpatient or inpatient practice. Of the 3,110 health 

professionals invited to participate, 2,006 completed the entire survey for a 64.5% response 

rate (Figure 1).

Only primary care physicians, NPs, and pharmacists (n= 1,506) were asked the 16 diabetes-

related questions. Pharmacists (n= 250) were excluded from the current analysis because a 

question about ordering blood tests for prediabetes was not applicable to their profession. 

Data from 1,256 PCPs (1,003 physicians and 253 NPs) were included in descriptive and 

bivariate analysis; 1,107 PCPs who reported using EHRs in their practice were included in 

multivariate analysis (Figure 1). No individual identifiers were included in the data set, and 

this study was deemed exempt from CDC’s IRB approval.

A second data source, the CDC Diabetes Prevention Recognition Programc (DPRP) registry, 

contains information on the locations of CDC-recognized LCP classes as of December 2016. 

aThe DocStyles survey instrument was developed by Porter Novelli with technical guidance provided by federal public health 
agencies and other non-profit and for-profit clients.
bSERMO is a global market research company Porter Novelli contracted with to verify their active panelists by telephone 
confirmation at place of work, and send them invitations with a link to the web-based survey. Quotas were set to reach ≅1,000 PCPs, 
250 pediatricians, 250 obstetricians/gynecologists, 250 NPs, 150 retail pharmacists, and 100 hospital pharmacists.
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A third data set, the AMA Physician Masterfile (a registry of all licensed physicians in the 

U.S.), was used to construct ZIP code– level counts of primary care physicians that were 

matched to the ZIP codes for publicly available LCP classes and the practice ZIP codes of 

the DocStyles respondents. There were 38,095 primary care physicians in the AMA 

Masterfile and 1,039 LCP classes in the DPRP that were matched with the ZIP code of the 

1,256 DocStyles respondents.

Measures

The 2016 DocStyles survey contained 144 questions addressing provider age, gender, race/

ethnicity, specialties, years of practice, work settings/locations, patients’ average household 

incomes, and attitudes and counseling behaviors on a variety of health issues. After defining 

the CDC-recognized LCP and STAT toolkit, the following questions were asked: Have you 
heard of the CDC-recognized LCP to prevent or delay type 2 diabetes? and Have you heard 
of the AMA/CDC Prevent Diabetes STAT toolkit? PCPs’ self-reported behaviors regarding 

screening, testing, and referral were measured with these questions: Have you screened your 
patients for prediabetes using the CDC Prediabetes Screening Test or ADA Type 2 Diabetes 
Risk Test? Which of the following recommended blood tests (fasting plasma glucose, 
hemoglobin A1c, or 2-hour glucose tolerance test) do you most commonly order to test your 
patients for prediabetes? and Have you referred your patients to an in-person or online CDC-
recognized LCP class to prevent or delay type 2 diabetes like the one described previously? 
PCPs who reported using EHRs were then asked if EHR systems were used to identify and 

manage patients with prediabetes.

The number of LCP classes available for a physician to refer to was measured as the ratio of 

publicly available LCP classes to primary care physicians at the practice ZIP code level for 

DocStyles respondents, which captures the potential supply induced demand for the LCP, 

similar to a physician population density ratio.24 These ratios were categorized as high (Q2-

Q3) or low (Q1) based on proportion of LCP classes in each tertile.

Statistical Analysis

Pearson chi-square tests were used to assess bivariate associations between PCPs’ self-

reported behaviors regarding prediabetes screening, testing, and referral and their awareness 

of the CDC-recognized LCP and the STAT toolkit. Multivariate logistic regressions were 

used to estimate the effects of these associations conditional on other factors, including PCP 

demographics, practice characteristics, and the ratio of LCP classes to primary care 

physicians. AORs in relation to a reference category were reported with their respective 95% 

CIs. Results with p< 0.05 were considered statistically significant. All analyses were 

conducted in 2017 using SAS, version 9.3.

cThe Diabetes Prevention Recognition Program is the quality assurance arm of the National DPP, through which CDC awards 
recognition to organizations that are able to meet the National Standards and achieve quality outcomes. www.cdc.gov/diabetes/
prevention/lifestyle-program/requirements.html.
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RESULTS

Table 1 displays univariate and bivariate analyses of survey respondents by prediabetes 

screening, testing, and referral practices. Overall, 27% of PCPs screened patients for 

prediabetes using the CDC or ADA risk test, 97% ordered recommended blood tests, and 

23% referred patients to CDC-recognized LCP classes. Mean PCP age was 47 years, with 

most being aged ≥40 years (72%) and having practiced medicine for ≥15 years (52%). The 

majority were male (60%) and non-Hispanic white (64%) and worked in group outpatient 

settings (64%).

There were significant differences in the proportion of PCPs who screened using a risk test 

by race/ethnicity (22.8% of non-Hispanic whites, 39.0% of non-Hispanic blacks, p< 0.001) 

and use of EHRs (17.4% of those not using EHRs vs 38.8% of those using them, p< 0.001). 

Differences in the proportion who ordered blood tests for prediabetes were identified 

between NPs and physicians (92.9% vs 97.6%, p< 0.001); by work setting (93.5% inpatient 

practice, 97.6% individual outpatient settings, p= 0.025); and by use of EHRs (95.0% vs 

99.0%, p< 0.001). Differences in the proportion of PCPs who referred patients to the LCP 

were found by region of practice (ranging from 20.1% in the Northeast to 29.5% in the 

West, p= 0.044); ratio of CDC-recognized LCP classes to total primary care physicians 

(21.9% in areas with low ratios vs 28.8% in areas with high ratios, p= 0.032); and use of 

EHRs (13.7% vs 35.8%, p< 0.001).

Table 2 compares awareness and self-reported behaviors regarding prediabetes screening, 

testing, and referral between NPs and physicians. There were no significant differences in 

awareness of the CDC-recognized LCP or the STAT toolkit, or for screening or referral of 

patients. However, a significantly lower percentage of NPs ordered blood tests for 

prediabetes compared with physicians (92.9% vs 97.6%, p< 0.001). Among PCPs who had 

heard of the CDC-recognized LCP, 40.9% (vs 18.0% of those who had not, p< 0.001) 

screened for prediabetes using a risk test; 97.3% (vs 96.3%, p 0.34) ordered blood tests; and 

39.8% (vs 12.7%, p< 0.001) referred to an LCP class. Of those who had heard of the STAT 

toolkit, 65.8% (vs 17.6%, p< 0.001) screened; 99.2% (vs 96.1%, p= 0.018) tested; and 

56.5% (vs 15.2%, p< 0.001) referred patients. PCPs who screened patients for prediabetes 

were more likely to test (99.7% vs 95.6%, p< 0.001) and refer (47.5% vs 14.1%, p< 0.001) 

than those who did not screen. Compared with PCPs who did not test, those who tested were 

more likely to screen (27.5% vs 2.4%, p< 0.001) and refer (23.7% vs 2.4%, p= 0.001). 

Finally, PCPs who referred patients to an LCP class were more likely to screen (55.0% vs 

18.2%, p< 0.001) and test (99.7% vs 95.8%, p= 0.001) than those not referring.

Table 3 shows the results from multivariate analyses with AORs and 95% CIs for PCP 

behaviors among those who use EHRs. Screening patients for prediabetes using a risk test 

was significantly higher among PCPs who had heard of the CDC-recognized LCP (AOR= 

1.43, 95% CI= 1.03, 1.98) and the STAT toolkit (AOR= 7.30, 95% CI= 5.04, 10.58), 

compared with those who had not, after controlling for other factors. The odds of screening 

was significantly higher among those who used EHRs to manage patients with prediabetes 

(AOR= 2.23, 95% CI= 1.62, 3.06) compared with those who did not, and among PCPs who 

saw mostly patients with household incomes of $50,000–$99,999 (AOR= 1.93, 95% CI= 
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1.33, 2.81) compared with those who saw patients with incomes ≥$100,000. PCPs who 

screened patients for prediabetes (AOR= 8.02, 95% CI= 1.04, 61.64) and who used EHRs 

for prediabetes management (AOR= 4.09, 95% CI= 1.52, 11.01), compared with those who 

did not, were more likely to test for prediabetes. NPs were less likely than physicians to test 

for prediabetes (AOR= 0.21, 95% CI= 0.08, 0.56). The odds of referring patients with 

prediabetes to a CDC-recognized LCP class were significantly higher among PCPs who had 

heard of the CDC-recognized LCP (AOR= 2.21, 95% CI= 1.57, 3.11) and the STAT toolkit 

(AOR= 2.96, 95% CI= 1.99, 4.38), among those who screened for prediabetes (AOR= 2.99, 

95% CI= 2.09, 4.26) or used EHRs for prediabetes management (AOR= 2.07, 95% CI= 

1.48, 2.92), and among PCPs who practiced in areas with a high ratio of CDC-recognized 

LCP classes to total primary care physicians (AOR= 1.85, 95% CI= 1.22, 2.81). PCPs who 

practiced in the Northeast region (AOR= 0.57, 95% CI= 0.35, 0.92) were less likely to make 

referrals, compared with those in the West. There were no significant differences in the odds 

of screening, testing, and referring based on PCPs’ gender, years practicing medicine, or 

work setting.

DISCUSSION

This study utilized the 2016 DocStyles survey to examine patterns in PCPs’ self-reported 

rates of screening, testing, and referring patients with prediabetes to a CDC-recognized LCP 

class. Overall, 97% of PCPs tested for prediabetes by ordering one of the three 

recommended blood tests, whereas fewer than one third (27%) screened patients for 

prediabetes using the CDC Prediabetes Screening Test or the ADA Type 2 Diabetes Risk 

Test, and consistent with prior research,23 fewer than one quarter (23%) referred patients to 

CDC-recognized LCP classes.

PCPs who had heard of the CDC-recognized LCP and STAT toolkit were more likely to 

screen patients for prediabetes, consistent with a study showing that physicians who had a 

positive attitude toward prediabetes as a clinical construct were more likely to follow 

national guidelines for screening.25 There was no significant difference in testing behavior 

based on PCPs’ reported awareness of the CDC-recognized LCP and the STAT toolkit, 

perhaps because of near universal testing behavior (97%) in the study sample. However, NPs 

were less likely than physicians to test for prediabetes, consistent with prior research on 

rates of hemoglobin A1c testing for patients with diabetes.26 Similar to another study,27 

39.8% and 56.5% of PCPs who had heard of the CDC-recognized LCP and the STAT 

toolkit, respectively, made referrals. Moreover, referral was associated with a practice being 

located in an area with a high ratio of CDC-recognized LCP classes to primary care 

physicians. The finding that PCPs who practiced in the Northeast (versus West) region were 

less likely to refer may be because of greater availability of CDC-recognized LCP 

classes28and focused AMA–CDC stakeholder engagements in the West.29

To the authors’ knowledge, this is the first study to assess PCP awareness and self-reported 

behaviors regarding prediabetes screening, testing, and referral to the CDC-recognized LCP. 

The overall results suggest there is an opportunity to increase PCP awareness of the CDC-

recognized LCP and the STAT toolkit. More targeted efforts by the AMA–CDC STAT 

initiative to reach the physician market by collaborating with state medical societies and 
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health departments may help increase awareness and referrals,30 given that this study shows 

PCPs who had heard of the CDC-recognized LCP and the STAT toolkit were two to three 

times more likely to refer patients with prediabetes to LCP classes. The low percentage 

(26.7%) of PCPs who reported screening patients for prediabetes using a risk test may be 

attributed to their preference for laboratory testing, as 97% reported ordering blood tests for 

prediabetes, although those who screened were more likely to order blood tests and make 

referrals than those who did not. This was consistent with AMA’s observation that the risk 

screener is primarily intended to be used in the community setting as opposed to clinical 

practice. Finally, this study also found that PCPs who saw patients with incomes of 

$50,000–$99,999 (versus ≥$100,000) were more likely to screen patients for prediabetes, 

which may suggest increased screening practices for people with lower incomes, where 

there is higher risk for type 2 diabetes.31,32

In addition, 88% of 1,256 PCPs reported using EHRs at their practices, and 40.4% of those 

PCPs used them to manage patients with prediabetes. These PCPs were more likely to 

screen, test, and refer, suggesting that access to referral systems that support prediabetes 

management may facilitate these practices. This finding is consistent with a recent study of 

lifestyle intervention in primary care, which found that intervention centers struggled to 

implement in-house referral structures for lifestyle promotion despite some effectiveness in 

increasing positive attitudes and competency among staff.33 Another study designed to 

increase referrals from federally qualified health centers to a YMCA-based LCP found that 

modifying the electronic referral system and implementing provider education significantly 

increased patient referrals.34 This is also consistent with AMA’s experience in working 

directly with more than 20 healthcare delivery organizations to implement systematic 

prediabetes screening, testing, and referral initiatives. Challenges in adapting an EHR to 

support screening, testing, and referring are a key barrier. Other barriers such as patients’ 

limited economic resources,25 incomplete insurance coverage for the CDC-recognized LCP, 

and lack of referral loops may also contribute to the overall low referral rate. To address 

these issues, the Centers for Medicare & Medicaid Services began accepting applications 

from qualified CDC-recognized organizations providing the LCP in January 2018 to 

implement the Medicare DPP, and in April 2018 expanded coverage for eligible Medicare 

beneficiaries.35 Lessons learned from Medicare DPP expansion may provide opportunities 

to tackle financial barriers in other segments of the population.

Limitations

There are several limitations in this study. First, PCP awareness of the CDC-recognized LCP 

and the STAT toolkit, and behaviors toward screening, testing, and referring, were self-

reported; thus, results may be subject to social desirability bias in favor of what is 

recommended in medical practice. Second, survey results reported here may not be 

generalizable to all PCPs in the U.S. because DocStyles sampling methodology uses quotas 

per specialty to limit the number of completed responses. Finally, limitations exist in web-

based survey platforms; however, primary care physicians sampled were similar 

demographically to those in the 2016 AMA Masterfile (data not shown) and survey response 

rates were high.
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CONCLUSIONS

This study highlights the importance of increasing PCP awareness of and referrals to the 

CDC-recognized LCP. As the nation continues to expand its efforts toward type 2 diabetes 

prevention, PCPs will be called on to play an ever-growing critical role in prediabetes 

screening and testing, and referral to the CDC-recognized LCP.
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Figure 1. 
Flow chart for survey sample.

CDC, Centers for Disease Control and Prevention; National DPP, National Diabetes 

Prevention Program; EHRs, electronic health records; STAT, Screen patients for prediabetes 

using a risk test, Test patients for prediabetes using a blood glucose test, and Act Today by 

referring patients with prediabetes to the CDC-recognized lifestyle change program.
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