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Purpose: Lifestyle change programs are an effective but underutilized approach to prevent or delay type
2 diabetes in people with prediabetes. Understanding clinician prediabetes knowledge, attitudes, and
practices can inform implementation efforts to increase lifestyle change program referrals.

Methods: We surveyed clinicians at an academic family medicine clinic about their prediabetes
knowledge, attitudes, and practices. From the same clinic, we reviewed electronic health records to as-
sess prediabetes screening, diagnosis, and treatment coverage in the cohort of adults seen from 2015 to
2017.

Results: Thirty-one clinicians (69.6%) completed the survey. Clinicians believed prediabetes was an
important health issue (n � 29; 93.7%) and that prediabetes screening (n � 20, 64.5%) and diagnosis
(n � 31, 100%) were important for prediabetes management. About half of the respondents (n � 14;
45.2%) reported familiarity with the National Diabetes Prevention Program (DPP). Electronic chart re-
view included 15,520 adult patients. Most of the 5360 nondiabetic patients meeting US Preventive Ser-
vices Task Force diabetes screening guidelines (n � 4068; 75.9%) received a hemoglobin A1c test. Of
the 1437 patients with an A1c result diagnostic of prediabetes, 729 (50.7%) had the diagnosis in their
chart. Prediabetes patients receiving point-of-care A1c testing instead of laboratory testing had 4.7 in-
creased odds (95% CI, 3.5 to 6.4) of metformin prescription. No patients were referred to a DPP.

Conclusions: Clinicians’ positive attitudes toward prediabetes screening, moderate knowledge of
prediabetes management, and low awareness of DPPs were reflected by high diabetes screening cover-
age, limited prediabetes diagnosis, and no DPP referrals. We will tailor our implementation strategy to
overcome these prediabetes care barriers. (J Am Board Fam Med 2019;32:505–512.)

Keywords: Attitude, Cohort Studies, Life Style, Point-of-Care Systems, Prediabetic State, Primary Health Care, Sur-
veys and Questionnaires, Type 2 Diabetes Mellitus

Prediabetes, a condition of impaired blood glucose
regulation, significantly increases the risk of devel-
oping type 2 diabetes: up to 11% of individuals
with prediabetes will develop diabetes each year.1

Nationally, an estimated 84.1 million American
adults (1 in 3) have prediabetes.2 Prediabetes fits in
a cascade of care paradigm3 with opportunities to
identify patients with prediabetes, connect and re-
tain them in care, and meet treatment goals. Na-
tional estimates suggest that 46% of adults are
appropriately screened for diabetes.4 Of these, 30%This article was externally peer reviewed.
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have prediabetes5 with only 7% to 11% aware of
their condition.5,6

People with prediabetes can substantially reduce
their risk of progression to type 2 diabetes through
participation in evidence-based lifestyle change pro-
grams.7 A multi-center randomized controlled trial
showed that intensive lifestyle modification with
modest weight loss reduced the risk of progression to
type 2 diabetes by 58% at about 3 years8,9 with the
protective benefit persisting up to 10 years after life-
style program completion.1 These pivotal outcomes
led the Centers for Disease Control and Prevention
to establish the National Diabetes Prevention Pro-
gram (DPP) in 2010. In 2014, the US Community
Preventive Services Task Force recommended the
approach used by the National DPP as an effective
intervention to prevent or delay type 2 diabetes.10

Unfortunately, lifestyle change programs, such as
DPPs, are underutilized.11 States have identified var-
ious barriers to DPP scale up and utilization.12 From
a clinical perspective, attitudes toward prediabetes as a
diagnostic construct,13 concern for overdiagnosis,14

and clinician knowledge of screening guidelines and
prediabetes diagnostic criteria15 may deter screening
and diagnosis of prediabetes. When patients with pre-
diabetes are identified, referrals through primary care
have successfully enrolled patients in DPPs16,17; how-
ever, reported referral coverage has been less than 5%
of eligible patients.11,18 Despite strong marketing and
implementation efforts,19 clinicians often have lim-
ited DPP awareness,20 may believe patients lack mo-
tivation for such programs,15 and often lack clear
referral processes to such services.12 Studies show that
when clinicians make patients aware of their predia-
betes the likelihood of lifestyle change increases,5,21

yet few clinicians routinely refer patients to
DPPs.11,20,22,23

We designed an implementation study with the
objective of increasing DPP referrals in a family med-
icine clinic. To inform our implementation strategy
and establish a baseline of prediabetes practices we
assessed clinician knowledge, attitudes, and practices
regarding prediabetes and reviewed electronic health
records (EHRs) for prediabetes screening, diagnosis
and treatment in our patient population.

Methods
Clinician Survey
We surveyed clinicians (physicians, resident physi-
cians, and advanced nurse practitioners) at an aca-

demic family medicine clinic. We verbally intro-
duced the survey in February 2018 via “All
Provider” and resident physician meetings. All cli-
nicians providing direct medical care received an
invitation to complete the electronic survey via
REDCap (Fort Lauderdale, FL), a secure Health
Insurance Portability and Accountability Act
(HIPAA)-compliant tool for survey data manage-
ment. The primary investigator (JWK) was ex-
cluded. To develop the survey we conducted a
focused literature search and synthesized questions
from 3 published surveys of clinician attitudes and
knowledge of prediabetes and diabetes.15,24,25 Our
final survey had 47 total questions grouped by do-
main: Background Information; Understanding
Prediabetes; Beliefs about Prediabetes; Barriers to
Management of Prediabetes; Prediabetes manage-
ment, and; Diabetes Prevention Programs. The
survey used Likert scale and multiple-choice ques-
tions. Likert scale questions had response options
of strongly agree, agree, neither agree or disagree, dis-
agree, and strongly disagree. We conducted descrip-
tive analyses of survey data using SAS software
version 9.4 (SAS Institute Inc., Cary, NC) and
report counts and proportions. For the analysis, we
grouped strongly agree and agree responses and dis-
agree and strongly disagree responses. Respondents
received no compensation for survey completion.

Patient Data
The study clinic uses an Allscripts EHR for clinical
documentation. We queried the EHR data ware-
house for all adults (age � 18 years) seen in the
clinic within the 3 years before December 1, 2017.
The patient data set included deidentified demo-
graphic, insurance, and clinical data relevant to
prediabetes, including body mass index (BMI), he-
moglobin A1c (A1c) values, diabetes, and prediabe-
tes diagnoses based on ICD10 (International Clas-
sification of Disease version 10) codes, and
metformin prescription. For repeated measures (eg,
BMI and A1c) we used the most recent value. To
calculate diabetes screening coverage we applied
the diabetes screening guidelines from the US Pre-
ventive Services Task Force (USPSTF) and en-
dorsed by the American Academy of Family Phy-
sicians, that is, screening overweight or obese
adults aged 40 to 70 years.26,27 The EHR does not
indicate fasting laboratory tests, so we extracted
A1c values (point-of-care [POC] and laboratory)
because they accurately reflect blood glucose con-
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centrations regardless of fasting.28 We used the
American Diabetes Association A1c criteria for pre-
diabetes: an A1c value of 5.7 to 6.4% in the absence
of previously diagnosed diabetes.29 We used Stata
version 12.1 (StataCorp, College Station, TX) for
descriptive data analysis and report counts, propor-
tions, and odds ratios (ORs) with 95% confidence
intervals (95% CI).

Ethics
This study was approved by the University of Ken-
tucky Institutional Review Board (#42484).

Results
Clinician Survey
Of 46 invited clinicians, 31 (69.6%) completed the
survey. Respondents tended to be female (n � 19;
61.3%) and most reported less than 5 years of
practice experience (n � 18; 58.1%). Clinicians had
varying knowledge of prediabetes diagnostic crite-
ria and screening recommendations (Table 1): 30
(96.8%) correctly identified the A1c range diagnos-
tic of prediabetes, and 21 (67.7%) correctly identi-
fied the fasting blood glucose range diagnostic of
diabetes.

Clinician attitudes toward prediabetes and DPP
awareness are found in Table 2. Most (n � 29,
93.7%) believed prediabetes to be a significant public
health issue, and many believed screening for predi-
abetes was important (n � 20, 64.5%). All clinicians
believed that prediabetes diagnosis would increase
patient awareness for lifestyle modification and that
lifestyle modification is effective to prevent or delay
type 2 diabetes (n � 31, 100%). Fewer clinicians (n �
14; 45.2%) reported familiarity with DPPs. Aware-
ness of the DPP referral process (n � 15; 48.4%),

organizations offering the DPP (n � 13; 41.9%), and
insurance coverage of DPPs (n � 5; 16.1%) was low.

Clinicians reported counseling most patients
(75% to 100%) with prediabetes on physical activ-
ity (n � 27; 87.1%) and recommending nutritional
counseling (n � 21; 67.7%). Fewer clinicians (n �
10; 32.3%) reported prescribing metformin to most
patients with prediabetes, and no clinician reported
referring most patients to a DPP. Table 3 describes
additional clinician-reported prediabetes manage-
ment practices.

Electronic Chart Review
We identified 15,250 unique patients aged 18 years
or older with at least 1 clinic visit during the study
time frame. This cohort had 2463 patients with an
ICD10 diagnosis indicative of diabetes. Prediabetes
was listed as an ICD10 diagnosis for 2412 patients
(15.8%) including 561 patients (3.7%) with a dual
diagnosis of prediabetes and type 2 diabetes. Of the
patients with a prediabetes diagnosis, 1379 (58.4%)
had a most recent A1c between 5.7% and 6.4% (see
Table 4 for additional patient demographic and
clinical information). There were 2298 nondiabetic
patients with an A1c result in the prediabetes range,
and 1089 (47.4%) of these patients had a prediabe-
tes diagnosis (ICD10 code) in their chart. Predia-
betes documentation was more likely (OR, 14.9;
95% CI, 9.9 to 22.3) in patients receiving POC A1c
testing (276/303) than those receiving lab-based
testing (813/1,995).

There were 5360 patients (41.9%) without a
diagnosis of diabetes that met USPSTF diabetes
screening criteria (age 40 to 70 years and BMI � 25
kg/m2). From this cohort of patients, 75.9% 4,068
had a documented A1c result within the previous 3
years, which for 35.3% 1,437 of the patients was

Table 1. Clinician Knowledge of Prediabetes Diagnosis and Treatment at an Academic Family Medicine Practice

Prediabetes Question Correct Answer
Answered Correctly

(N � 31)

Fasting glucose range indicative of prediabetes 100 to 125 mg/dL29 21 (67.7%)
Hemoglobin A1c range indicative of prediabetes 5.7 to 6.4%29 30 (96.8%)
It is recommended that prediabetics lose what

proportion of their starting weight?
5% to 7%29 10 (32.3%)

How much physical activity per week should be
recommended for patients with prediabetes,
assuming they have no other health issues?

75 minutes vigorous;
150 minutes
moderate29

21 (67.7%)

How often should you routinely screen for diabetes? Every three
years26,29

12 (38.7%)
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diagnostic of prediabetes. Half of these patients
(n � 729; 50.7%) with an A1c value diagnostic of
prediabetes had the diagnosis (ICD10 code) in their
EHR. Table 5 summarizes the cascade of predia-

betes screening, diagnosis, and treatment in the
cohort.

Metformin prescription was more likely (OR,
10.7; 95% CI, 6.9 to 16.5) in patients with docu-

Table 2. Clinician Prediabetes Attitudes and Diabetes Prevention Program Awareness at an Academic Family
Medicine Practice

Strongly Agree
or Agree

Neither Agree
nor Disagree

Strongly Disagree
or Disagree

Prediabetes attitudes
Prediabetes is a significant

public health issue
29 (93.6%) 2 (6.5%) 0 (0.0%)

Most primary care providers
consider screening for
prediabetes to be a high
priority

20 (64.5%) 5 (16.1%) 6 (19.3%)

The diagnosis of prediabetes
leads to further
unnecessary investigation/
testing

1 (3.2%) 5 (16.1%) 25 (80.6%)

Diagnosing prediabetes is an
effective way to increase
patient awareness of their
need for lifestyle
modification

31 (100.0%) 0 (0.0%) 0 (0.0%)

Evidence supports the
effectiveness of treating
prediabetes with lifestyle
modification

31 (100.0%) 0 (0.0%) 0 (0.0%)

Using metformin will
reduce progression to
diabetes

25 (80.6%) 4 (12.9%) 2 (6.5%)

I am confident in my ability
to manage prediabetes

27 (87.1%) 2 (6.5%) 2 (6.5%)

DPP awareness
I am familiar with National

DPPs
14 (45.2%) 7 (22.6%) 10 (32.3%)

I know how to refer a
patient to a National
DPP

15 (48.4%) 1 (3.2%) 15 (48.4%)

I am aware of local
organizations that offer
National DPPs

13 (41.9%) 3 (9.7%) 15 (48.4%)

I am aware of insurance
plans that pay for
National DPPs

5 (16.1%) 4 (12.9%) 22 (71.0%)

I expect prediabetic patients
who complete a National
DPP will have long-term
changes in their health
behaviors

11 (35.5%) 13 (41.9%) 7 (22.6%)

I expect prediabetic patients
who complete a National
DPP will have a reduced
chance of progressing to
diabetes

22 (71.0%) 6 (19.4%) 3 (9.7%)

I expect prediabetic patients
who complete a National
DPP will have resolution
of their prediabetes

5 (16.1%) 18 (58.1%) 8 (25.8%)

DPP, National Diabetes Prevention Program.
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mented prediabetes (194/1,089) than patients with
undocumented prediabetes (24/1,209) and was
more likely (OR, 4.7; 95% CI, 3.5 to 6.4) in pre-

diabetes patients with POC A1c testing (79/303)
than laboratory A1c testing (n � 139/1,995). No
patients were referred to a DPP.

Table 3. Clinician-Reported Frequency of Prediabetes Care Practices at an Academic Family Medicine Practice

Prediabetes Care Practice

For What Proportion* of Your Prediabetic Patients Do you
Perform the Following Management Practices�

None Some Most

Discuss metformin as a treatment option 0 (0.0%) 14 (45.2%) 17 (54.8%)
Prescribe metformin 2 (6.5%) 19 (61.3%) 10 (32.3%)
Recommend physical activity targets supported by

national guidelines
0 (0.0%) 4 (12.9%) 27 (87.1%)

Have patient set a weight loss goal of 5% to 7%
of their current weight

4 (12.9%) 16 (51.6%) 11 (35.5%)

Recommend nutritional counseling 0 (0.0%) 10 (32.3%) 21 (67.7%)
Create a behavioral contract 25 (80.7%) 6 (19.4%) 0 (0.0%)
Provide pamphlets or other written resources 7 (22.6%) 18 (58.1%) 6 (19.4%)
Offer referral to a CDC-recognized National DPP 10 (32.3%) 21 (67.7%) 0 (0.0%)

CDC, Centers for Disease Control and Prevention; DPP, Diabetes Prevention Program.
*Respondents selected between 0%, 25%, 50%, 75%, and 100%.
“None” indicates 0%; “Some” includes 25% and 50%; “Most” includes 75% and 100%.

Table 4. Demographic and Clinical Characteristics of Adult Patients with and without Prediabetes Diagnosis at an
Academic Family Medicine Practice, 2014 to 2017

All Patients Prediabetes Diagnosis*

N % N %

15,250 100 2,412 15.8%
Demographic

Age, years (mean, SD) 49.3 16.4 58.2 13.3
Female 8,606 56.4% 1,255 52.0%
Race
White 11,967 78.5% 1,790 74.2%
Black/African American 2,474 16.2% 517 21.4%
Asian 566 3.7% 76 3.2%
AI/AN, Hawaiian, PI 79 0.5% 15 0.6%
Unreported 164 1.1% 14 0.6%

Health insurance
Private 8,145 53.4% 1,109 46.0%
Medicare 3,049 20.0% 780 32.3%
Medicaid 3,011 19.7% 399 16.5%
Tricare 291 1.9% 30 1.2%
Financial assistance 164 1.1% 25 1.0%
None 590 3.9% 69 2.9%

Clinical characteristics
BMI �25kg/m2 11,454 75.1% 2,122 88.0%
Hemoglobin A1c test 10,095 66.2% 2,360 97.8%
Diabetes diagnosis† 2,463 16.2% 561 23.3%

AI/AN, American Indian/Alaska Native; BMI, body mass index; PI, Pacific Islander; SD, standard deviation.
*Prediabetes diagnosis defined as documented International Classification of Disease version 10 (ICD10) code R73.03 in patient chart.
†Diabetes diagnosis determined by ICD10 code in patient chart. For patients with prediabetes code this indicates a dual diagnostic
codes.
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Discussion

We describe clinician-reported prediabetes knowl-
edge, attitudes, and practices alongside an EHR
review of prediabetes screening and management at
a large academic family medicine clinic. Clinicians
believed prediabetes was an important health issue
and had moderate knowledge of prediabetes
screening, diagnosis, and treatment guidelines, but
limited familiarity with DPPs. EHR data showed
consistent screening for prediabetes/diabetes per
USPSTF guidelines; however, diagnosis and treat-
ment of prediabetes were less consistent.

Our survey respondents had broadly favorable at-
titudes toward prediabetes, recognizing its impor-
tance as a health issue, the benefits of screening, and
the effectiveness of treatment with lifestyle change
and/or metformin. A 2015 survey of practicing pri-
mary care clinicians in the Mid-Atlantic region had
similar findings15; however, a 2016 national survey of
primary care physicians’ attitudes revealed mixed
opinions about prediabetes.13 One possible explana-
tion for differing attitudes is increasing clinician
awareness of prediabetes from ongoing marketing
efforts by a variety of groups, such as the Prevent
Diabetes STAT campaign supported by the US Cen-
ters for Disease Control and Prevention and the
American Medical Association.30

Clinicians knew more about prediabetes screen-
ing and diagnosis than treatment. Our respondents’
limited awareness and knowledge of DPPs was un-
expected given the colocation of a DPP in the same
office building as the family medicine practice and
the presence of a second DPP at the local health
department. Our respondents’ DPP awareness was
similar to that reported in the 2016 national survey

of primary care physicians.20 Low DPP awareness
may be due to the relatively recent rollout of the
National DPP and scale-up of organizations offer-
ing the DPP. Community organizations or local
health departments may host DPPs, and clinicians
may have limited awareness of community-based
patient resources.31

Favorable attitudes toward screening and diagnos-
ing prediabetes likely contributed to the observed
high diabetes screening coverage (76%) in our clinic,
which exceeds national diabetes screening coverage
(46%).4 Less consistent was the application of the
ICD10 prediabetes diagnostic code—only 51% of
patients meeting prediabetes diagnostic criteria
had the diagnosis in the EHR. There are no com-
parative data on prediabetes documentation pub-
lished since the widespread adoption of ICD10
medical codes. Two studies during the ICD9 era
from a large integrated health care system found
that 13% of patients with laboratory results indic-
ative of prediabetes had the diagnosis documented
in the EHR.11,32 Another study using 2012 Na-
tional Ambulatory Medical Care Survey data found
that too few patients with an A1c indicative of
prediabetes received the diagnosis for a reliable
documentation estimate (0.92%).33 One explana-
tion for the gap between diagnosis and documen-
tation is that our EHR query was restricted to the
ICD10 prediabetes code. We did not include less
specific ICD9 codes such as “impaired fasting glu-
cose” and “hyperglycemia” which historically were
used for patients with prediabetes18 and may con-
tinue to be used by some clinicians. The delayed
availability of lab-based results may also contribute
to missed prediabetes documentation as suggested

Table 5. Prediabetes Care Cascade: Screening, Diagnosis, and Treatment Coverage of Adult Patients at an
Academic Family Medicine Practice, 2014 to 2017 (N � 15,250)

Prediabetes Care Cascade Criteria n %

USPSTF diabetes screening eligible Nondiabetic patient 12,787 83.8%
Age 40 to 70 years � BMI �25 kg/m2 5,360 41.9%

Screened Hemoglobin A1c within 3 years 4,068 75.9%
Prediabetes diagnosed Hemoglobin A1c of 5.7 to 6.4% 1,437 35.3%
Prediabetes documented Prediabetes ICD10 code 729 50.7%
Prediabetes treatment Metformin prescribed 149 20.4%

DPP referral 0 0.0%

BMI, body mass index; DPP, Diabetes Prevention Program; ICD10, International Classification of Diseases, version 10; USPSTF,
United States Preventive Services Task Force.
The sample size for each row serves as the denominator for the subsequent row.
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by better prediabetes documentation in patients
receiving POC A1c testing.

Clinicians were optimistic in their self-reported
prediabetes management behaviors: a third reported
routinely (75% to 100% of the time) and over half
reported regularly (25% to 50% of the time) prescrib-
ing metformin for patients with prediabetes. Al-
though clinicians prescribed less metformin than they
perceived, metformin prescription for prediabetes
was more common in our clinic than reported in
other settings.11,34,35 The availability of POC A1c
testing in our clinic may have facilitated prediabetes
diagnosis and treatment, as patients receiving POC
testing were more likely to receive metformin. POC
testing in prediabetes management is not well studied;
however, substantial evidence supports the benefits of
POC testing for diabetes management36 and limited
evidence suggests it helps identify patients with pre-
diabetes.37 Promoting POC testing may be a rela-
tively simple strategy to improve prediabetes screen-
ing, diagnosis, and treatment.

Most clinicians reported routinely counseling pre-
diabetes patients on physical activity and weight loss;
we were unable to extract chart documentation to
assess counseling frequency. Many clinicians reported
referring patients to a DPP. About two thirds of
clinicians indicated that they referred 25% to 50% of
their patients with prediabetes which is similar to the
23% of primary care clinicians who reported making
a DPP referral in the 2016 national survey.20 At the
time of the EHR review, an electronic DPP referral
did not exist and there was no process for referring
patients to the 2 local DPPs. Some clinicians may
have discussed DPPs with patients: however, this was
not captured as part of our EHR review. Clinician-
reported referral behaviors may also suffer from de-
sirability bias; similar discordance was seen in a study
linking clinician self-reported prediabetes manage-
ment practices with EHR documentation.22

We recognize limitations to our study. The survey
responses from our sample of clinicians at a single
academic family medicine clinic may not generalize to
other settings; however, the higher response rate
minimized nonresponse bias and response patterns
aligned with those reported from 2 recent surveys of
primary care physicians.13,15 We may have underes-
timated the proportion of our clinical cohort with
prediabetes due to the EHR inability to identify fast-
ing blood glucose results; however, almost all (97.8%)
of the patients with documented prediabetes had an
A1c in the EHR.

Our clinician survey and EHR review are part of a
broader implementation study; hence our study de-
sign emphasized collecting data useful for implemen-
tation planning. We will tailor implementation strat-
egies to overcome identified barriers to DPP referral,
namely the lack of an EHR referral process, the un-
derdocumentation of prediabetes, and the limited
DPP awareness reported by clinicians, while reinforc-
ing prediabetes care assets, such as clinicians’ positive
prediabetes attitudes and the use of POC A1c testing.

We thank Roberto Cardarelli for his mentorship and critical
review of the manuscript. We thank Dhishankar Bhattacharya
for extracting and formatting the clinical data.

To see this article online, please go to: http://jabfm.org/content/
32/4/505.full.
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