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Abstract

Purpose: To examine how health care providers’ knowledge, attitudes, and practices affect their referrals to the National
Diabetes Prevention Program.

Design: Cross-sectional, self-report data from DocStyles—a web-based survey

Setting: USA

Sample: Practicing family practitioners, nurse practitioners, pharmacists, and internists, n = 1,503.

Measures: Questions regarding health care providers’ knowledge, attitudes, and practices and their referrals to the National
Diabetes Prevention Program.

Analysis: Bivariate and multivariate analyses were used to calculate predictive margins and the average marginal effect.

Results: Overall, 15.2% of health care providers (n = 1,503) reported making a referral to the National Diabetes Prevention
Program. Health care providers were more likely to make referrals if they were familiar with the program (average marginal
effect = 36.0%, 95% CI: 29.1%, 42.8%), reported knowledge of its availability (average marginal effect=49.1%, 95% CI: 40.2%,
57.9%), believed it was important to make referrals to the program (average marginal effect = 20.7%, 95% CI: 14.4%, 27.0%), and
used electronic health records to manage patients with prediabetes (average marginal effect = 9.1%, 95% CI: 5.4%, 12.7%).
Health care providers’ demographic characteristics had little to no association with making referrals.

Conclusion: Making referrals to the National Diabetes Prevention Program was associated with health care providers’
knowledge of the program and its reported availability, their attitudes, and their use of the electronic health record system to
manage patients with prediabetes.

Keywords
chronic disease prevention, type 2 diabetes, pre-diabetes, health communication, health system referrals, interventions, health
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Purpose
There are 88 million adults in the United States who have
prediabetes, a condition characterized by blood glucose levels
that are high but not high enough to be diagnosed as diabetes.1

If left untreated, prediabetes can lead to type 2 diabetes, a
devastating chronic disease that affects millions of people in
the United States.1 Diabetes is the seventh leading cause of
death in the United States, and contributes to over $320 billion
dollars in direct health care expenses and reduced productivity
costs.1,2
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Several landmark studies, including the Diabetes Preven-
tion Program (DPP) trial, have demonstrated that a structured
lifestyle change program is an effective way to prevent or
delay progression to type 2 diabetes for those at risk.3-7

Subsequently, Congress authorized the Centers for Disease
Control and Prevention (CDC) to establish the National Di-
abetes Prevention Program (National DPP), a partnership
between public and private organizations to deliver its lifestyle
change program (LCP) nationwide.8,9

A vital piece of the National DPP is health care providers’
referrals of their at-risk patients to the LCP.3 Providers who
promote the National Diabetes Prevention Program and make
referrals to it can be enormously influential because they are
often a trusted source for their patients and potentially in-
fluence their health behaviors.10-13 The American Diabetes
Association, along with other professional organizations, has
recommended that providers refer their at-risk patients to a
lifestyle change program, such as the one offered through the
National DPP.7,14-16 Evidence has shown that patients who
receive a referral from their provider for a lifestyle change
program are more likely to participate in such a program.
However, only 15% of individuals with prediabetes have been
informed that they have the condition.1 Additionally, less than
5% of patients with prediabetes or at risk for type 2 diabetes
are reported to have received a referral to a lifestyle change
program.13,17 Also, many providers have confirmed that they
had not made referrals to a lifestyle change program,18-22 a
result that may be linked to the large number of providers
reporting that they are not familiar with the program.19,22 It is
also unclear if providers are aware of the availability of the
lifestyle change program.22 Studies show that providers’ at-
titudes toward managing prediabetes are positive,18,21,23-25 but
it is unclear if that same attitude extends to making referrals to
the National DPP LCP. Therefore, the researchers sought to
better understand providers’ knowledge, attitudes, and prac-
tices that may be associated with their decision to refer to the
National DPP LCP.

Methods

Design

The researchers used data from the web-based survey Doc-
Styles,1 administered between June and August 2018. DocStyles
was commissioned by Porter Novelli Public Services,26 a
public relations firm, and conducted by SERMO27 to solicit
responses from providers regarding various health conditions.
Participants from SERMO’s Global Medical Panel of health
care providers were sent a link to the survey and were paid an
honorarium of $40-$90 for completing it.

Sample

SERMO set quotas to reach a certain number of family
practitioners and internists (1,000), obstetrician/gynecologists

(OB/GYNs) (250), pediatricians (250), oncologists (250),
nurse practitioners (250), and pharmacists (250). To meet this
quota, 3,465 providers were invited to participate in the
survey. Only providers who practice in the United States; who
actively see patients; who work in an individual, group, or
hospital practice; and who have been practicing for at least
three years were selected to participate in the survey. There
were 2,256 providers whomet those criteria and completed the
entire survey, representing a 65.1% response rate. The re-
maining 34.9% either did not complete the entire survey (43),
were excluded based on the screener questions (99), were
excluded due to filled quotas (78), or did not respond to the
invitation or tried to respond after the survey closed (989). Of
the 2,256 respondents, diabetes-specific questions were only
given to family practitioners and internists, nurse practitioners,
and pharmacists, so the final sample for the current study
consisted of 1,503 providers. No individual identifying in-
formation was included in the survey dataset and therefore this
analysis was deemed exempt from [details omitted for double-
anonymized peer review] Institutional Review Board approval
process.

Measures

Demographic variables, including age, gender, race, ethnicity,
region of practice, and provider type were collected in the
survey and included in the current study. The researchers
recoded the race and ethnicity variables to represent five
categories: non-Hispanic white, non-Hispanic black or Afri-
can American, non-Hispanic Asian, Hispanic, and non-
Hispanic other (includes Native Hawaiian or other Pacific
Islander, American Indian or Alaska Native, two or more
races, and “other” race). The researchers recoded the con-
tinuous age variable into five categories: 25–34, 35–44, 45–
54, 55–64, and 65+ years.

Providers’ familiarity with the program was assessed
through the question, “How familiar are you with the National
Diabetes Prevention Program lifestyle change program
(National DPP LCP), a yearlong structured program, offered
in person or online, aimed at preventing or delaying the onset
of type 2 diabetes for individuals with prediabetes?”. Answer
choices were very familiar, somewhat familiar, or not familiar.
Their reported knowledge of the program availability was
assessed through the question, “Is the National DPP LCP
available in your community or health system?” with answer
choices being yes, no, or don’t know/not sure. Skip patterns
were used so that only providers who previously indicated that
they were either very familiar or somewhat familiar with the
National DPP LCP could respond to the second question. The
main variable of interest was provider referral practices, which
was addressed through the question, “Have you referred your
patients with prediabetes to the in-person or online National
DPP LCP to prevent or delay type 2 diabetes?”. The response
categories for this variable were yes, no, and don’t know/not
sure. Due to there being a small number of providers (N = 187)
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who selected the don’t know/not sure option, they were in-
cluded with those who answered no. Providers’ attitudes
toward the National DPP LCP were examined through the
question, “How important is referring patients with predia-
betes to the National DPP LCP, specifically?”. Answers were
provided on a five-point Likert scale, from very important to
not important. Providers were asked about whether they used
an integrated electronic health record (EHR) in their practice
or pharmacy. For those who did, they were then asked, “Do
you use the capabilities of your integrated EHR system to
identify and manage your patients with prediabetes?”Answer
choices were yes, my EHR does not have this capability, don’t
know/not sure, and no. Since the number of providers who
selectedmy EHR does not have this capability and don’t know/

not sure were too small to change the results of the analysis,
they were included with those who said no. Two additional
questions were asked (Figures 1 and Figure 2) to further
understand providers’ treatment preferences for their patients
with prediabetes and referral practices.

Analysis

Cross tabulations were used to conduct bivariate analyses to
determine the association between providers’ referrals to the
National DPP LCP and providers’ demographics, knowledge,
attitudes, and practices; Wald test was used to obtain P-values.

Multiple logistic regression was used to generate predictive
margins and 95% confidence intervals (CI) to estimate the

Figure 1. Health care provider-recommended prediabetes treatment/management choices, DocStyles 2018. Description: Results from the
question, “Which of the following are you most likely to recommend to your patients to prevent type 2 diabetes? (Select all that apply)”.2

Figure 2. Health care providers method of referral to the National DPP LCP, DocStyles 2018. Description: Results from the question, “How
do you refer your eligible patients with prediabetes to an in-person or online National DPP LCP? (Select all that apply)”.3,4
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probability of making referrals based on provider char-
acteristics, knowledge, attitudes, and EHR use.28,29 The first
adjusted model included only providers who responded to the

question regarding using the EHR to manage their patients
with prediabetes (N = 1,239 of 1,503). The second adjusted
model further narrowed the sample because the addition of the

Table 1. Health Care Provider Demographic Characteristics, Knowledge, Attitudes, and Practices: DocStyles 2018 Survey Respondents.

Demographic Characteristics Total, N = 1,503 N (%)

Age
>64 95 (6.3)
55-64 350 (23.3)
45-54 427 (28.4)
35-44 470 (31.3)
25-34 161 (10.7)

Gender
Male 821 (54.6)
Female 682 (45.4)

Race/Ethnicity
Non-Hispanic White 1,029 (68.5)
Non-Hispanic Othera 82 (5.5)
Non-Hispanic Asian 286 (19.0)
Hispanic 61 (4.1)
Non-Hispanic Black or African American 45 (3.0)

Provider type
Nurse practitioner 252 (16.8)
Family practitioner 483 (32.1)
Pharmacist 250 (16.6)
Internist 518 (34.5)

Region of practice
Midwest region 350 (23.3)
South region 513 (34.1)
West region 290 (19.3)
Northeast region 350 (23.3)

Made referrals to the National DPP LCP
Yes 228 (15.2)
No/don’t know 1,275 (84.8)

Familiarity with National DPP LCP
Not familiar 763 (50.8)
Somewhat familiar 540 (35.9)
Very familiar 200 (13.3)

Importance of referring to the National DPP LCP specifically
Not important 322 (21.4)
Slightly important 297 (19.8)
Moderately important 389 (25.9)
Important 321 (21.4)
Very important 174 (11.6)

Uses EHR to identify and manage patients with prediabetesb N = 1,239
No 703 (56.7)
Yes 536 (43.3)

National DPP LCP available in their community or health systemc N = 740
Don’t know/Not sure 351 (47.4)
No 183 (24.7)
Yes 206 (27.8)

EHR, Electronic Health Record.
National DPP LCP, National Diabetes Prevention Program Lifestyle Change Program.
aOther includes Native Hawaiian or other Pacific Islander, American Indian or Alaska Native, two or more races, and other.
bOnly asked of providers who indicated that they use an integrated electronic health record (EHR) at their pharmacy or practice (n = 1,239).
cOnly asked of providers who answered that they were very familiar or somewhat familiar with National DPP LCP (n = 740).
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question regarding reported program availability only in-
cluded providers from the first model who were very familiar
or somewhat familiar with the National DPP LCP (N = 623 of
1,239). For both models, additional covariates were included
that had the potential to influence provider referrals, that is,
age, race, gender, region of practice, and provider type. The
analyses were carried out in 2020 using SAS Enterprise Guide,
version 6.1 and Stata/IC, version 11.2.

Results

The providers in the sample (N = 1,503) were most often male
(55%), non-Hispanic White (69%), between the ages of 35-44
(31%), internists (35%), and practicing in the South (34%)
(Table 1). Only 15.2% of providers reported that they had
made referrals to the National DPP LCP, and when provided
with a list of options (Figure 1), they mostly selected that they
provide educational materials to their patients to prevent type
2 diabetes. Nearly half of providers were somewhat (36%) or
very (13%) familiar with the National DPP LCP. Among those
who were familiar (N = 740), 27.8% reported that the National
DPP LCP was available in their community or health system,
while 24.7% reported that it was not and 47.4% did not know or
were not sure. Most providers believed that there was value in
making referrals to the National DPP LCP, with nearly 60% re-
porting that it was at least moderately important. Among providers
who had integrated EHR capabilities (N = 1239), 43% indicated
that they used that system to identify and manage their patients
with prediabetes. Of providers who made referrals to the National
DPP (N = 228), 58% used the EHR system to do so (Figure 2).

On the basis of the predictive margins from the model
limited to providers who use EHRs in their practice (Table 2),
results indicated that providers who had any familiarity with
the program were much more likely to make referrals than
those who were not familiar (average marginal effect [AME] =
18%, 95%CI: 13.9%, 21.1% for those somewhat familiar, and
AME=36%, 95% CI: 29.1%, 42.8% for those very familiar).
The average marginal effect estimates the change in the
percentage of referrals associated with a 1-unit increase in the
independent variable and provides the difference in the per-
centage of referrals from the reference group—in this case,
38% of those who were very familiar made referrals vs 2% of
those who were not familiar (i.e., the reference group).
Similarly, the likelihood of referral increased with perceived
importance of referring to the program: providers who thought
it was very important to refer to the National DPP LCP were
much more likely to make referrals versus those who did not
think it was important (AME = 20.7%, 95% CI: 14.4%,
27.0%). The researchers also found that providers who used
EHR’s to manage their patients with prediabetes were nearly
twice as likely to make referrals versus those who did not
(AME = 9.1%, 95% CI: 5.4%, 12.7%). In the model restricted
to providers who use EHR’s and were at least somewhat
familiar with the National DPP, (Table 3), results indicate that
providers who said the National DPP LCP was available in

their community or health system were much more likely to
make referrals in comparison to those who did not know or
were not sure of its availability (AME = 49.1%, 95% CI:
40.2%, 57.9%). The effects of the other variables were similar
in this second model to what they were in the first.

Discussion

The results indicate that making referrals to the National DPP
LCP was strongly and independently associated with pro-
viders’ knowledge of the program and its reported availability,
their attitudes, and their use of the EHR system to manage
patients with prediabetes. In contrast, making referrals had little
or no association with providers’ demographic characteristics.
These findings are encouraging because they suggest that re-
ferrals might be increased by addressing changeable factors such
as knowledge, attitudes, and practices. This study had several
strengths, including a high response rate (65.1%) which was
consistent with previous analyses of DocStyles.19,30 Also, the
current study builds upon a previous analysis19 by adding
pharmacists to the sample, asking providers specifically about the
National DPP LCP, and including new variables to assess
providers’ attitudes toward the program and its reported avail-
ability. Finally, because provider demographics, knowledge,
attitudes, and EHR use were included in the models, the relative
importance of all these factors could be shown, thus providing
valuable insight into where to focus new approaches to provider
engagement. These factors will now be explored in more depth.

Providers’ familiarity with the National DPP LCP and the
reported the availability of the program were both shown to be
highly associated with making referrals. To our knowledge,
this is the first study to show the association between pro-
viders’ reported knowledge of the availability of the National
DPP LCP and making referrals to the program. In fact, this
variable had the strongest association with referrals of all the
variables examined. Other studies have found similar evidence
showing that providers who had heard of a LCP19 or reported
knowledge of the availability of one30 were more likely to
make referrals. Despite these promising results, the additional
analysis showed that when given the opportunity to select their
preferred treatment choice for patients with prediabetes, few
providers chose National DPP LCP. In addition, 50% of the
sample reported not being familiar with the National DPP LCP
and over 70% reported that the program was either not
available or they were not sure if it was, results which are
consistent with another study that assessed providers’ awareness
of the National DPP LCP.22 Of note, although the multivariate
results demonstrated a strong association between familiarity
with the program and referrals, the predicted probability of re-
ferrals for those who were familiar was less than 40% when
holding all other factors constant, indicating that it may be
valuable to explore additional factors beyond familiarity with the
program. Suggested strategies for increasing providers’ referrals
to health-related programs include providing professional
development/training about the program that explains the referral
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process, the benefits of referring their patients, and reinforces
clinical guidelines31-34; encouraging positive referral behaviors
through audit and feedback31,35; and increasing providers’
awareness of locally available programs.33,35,36 These results
suggest that future marketing and engagement efforts may be
beneficial if they include increasing providers’ familiarity with
the National DPP LCP in addition to increasing their awareness
of the program’s availability in their community or health system.

The current study showed that providers’ attitudes about the
importance of making referrals to the National DPP LCP was
associated with making referrals. As providers’ opinions of the
importance of referral became more positive, the likelihood of
referring increased, even after adjusting for other factors. To our
knowledge, this is the first study to address providers’ attitudes
toward making referrals to the National DPP LCP specifically,
whereas other studies have assessed attitudes toward prediabetes
screening and treatment.21-25 Although the multivariate results
demonstrated that attitudes regarding the importance of making a
referral was associated with the outcome, the majority of pro-
viders did not make a referral, even those who thought it was at
least important to refer. This suggests that it may be valuable to
explore additional factors that might influence providers referral
behaviors. Another study found that providers’ attitudes and
beliefs are significant barriers to making referrals to intensive
behavioral counseling programs, and recommended strategies
that reinforce the importance and effectiveness of the program to
overcome any potentially negative attitudes.37 Strategies to en-
gage providers in the National DPP LCP referral process could
include methods to bolster positive attitudes toward referring
such as reinforcing the importance and effectiveness of the
program, in addition to identifying any other attitudes that could
be influencing referral behaviors.

Health care providers who used the EHR system to identify
and manage their patients with prediabetes were more likely to
make a referral to the National DPP LCP than those who did not.
These results are in line with other studies where an increase in
referrals was observed once providers were trained on using an
integrated EHR system to do so.32,34 The additional analysis
revealed that for providers who made referrals to the program,
using the capabilities of the EHR systemwas their most common
method of carrying out the referral. This indicates the potential
benefits of encouraging the use of the EHR system to manage
patients with prediabetes. Future strategies to increase provider
referrals could consider promoting the use of the EHR system to
manage patients,31,32 ensuring referring providers are confident
in their ability to use the EHR system,25 using opt-out vs opt-in
referral pathways,38 and promoting a seamless automated referral
process to prevent disruption of current workflow.32-34 Doing so
could increase the number of providers who use the EHR system
to identify and manage their patients with prediabetes and
subsequently make referrals to the National DPP LCP.

This study had several limitations. DocStyles consists of self-
reported survey data, so recall bias could have affected the ac-
curacy of the answers. Also, geographical bias could have
influenced responses since approximately a third of the providers

in the sample were practicing in the South region. In addition,
social desirability bias may have led to providers responding that
they were familiar with the program or made referrals even when
those answers may not have been accurate. However, this seems
unlikely to be highly prevalent since many providers indicated
that they were not familiar with the program and had not made
referrals. Also, because this was a cross-sectional survey, asso-
ciations could only be viewed at a single point in time and the
researchers cannot be sure that knowledge or attitudes predict
future referral behaviors. Finally, selection bias could have oc-
curred because the survey set a quota for number of provider
types eligible to respond, so the responses collected may not
reflect a generalizable sample of relevant health care providers.

So What?

What is already known on this topic?

Research has been done to understand primary care
providers’ knowledge, attitudes, and practices as they
relate to prediabetes and lifestyle change programs.

What Does This Article Add?

Health care providers’ familiarity with and reported
knowledge of the National Diabetes Prevention Pro-
gram (National DPP), as well as their attitude about the
importance of referrals to the program, and their use of
the EHR system to identify and manage their patients
with prediabetes were independently associated with
making referrals to the National DPP.

What are the Implications for Health Promotion
Practice or Research?

This analysis gives credence to the need for provider
engagement strategies that increase health care providers’
knowledge of the National DPP and its availability, that
promote both the importance and effectiveness of making
referrals to the program, and the use of the EHR system to
manage patients with prediabetes. Addressing these
malleable factors could not only increase referrals but may
also influence the uptake of the National DPP. This could
ultimately lead to a reduction in the incidence rate of type 2
diabetes because of the integral role that providers play in
managing their patients’ health.
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