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Abstract—Type 2 diabetes prevention is an important national 
goal for the Veterans Health Administration (VHA): one in four 
Veterans has diabetes. We implemented a prediabetes identifica-
tion algorithm to estimate prediabetes prevalence among over-
weight and obese Veterans at Department of Veterans Affairs 
(VA) medical centers (VAMCs) in preparation for the launch of a 
pragmatic study of Diabetes Prevention Program (DPP) delivery 
to Veterans with prediabetes. This project was embedded within 
the VA DPP Clinical Demonstration Project conducted from
2012 to 2015. Veterans who attended orientation sessions for an 
established VHA weight-loss program (MOVE!) were recruited 
from VAMCs with geographically and racially diverse popula-
tions using existing referral processes. Each site implemented and 
adapted the prediabetes identification algorithm to best fit its 
local clinical context. Sites relied on an existing referral process 
in which a prediabetes identification algorithm was implemented 
in parallel with existing clinical flow; this approach limited the 
number of overweight and obese Veterans who were assessed and 
screened. We evaluated 1,830 patients through chart reviews, 
interviews, and/or laboratory tests. In this cohort, our estimated 
prevalence rates for normal glycemic status, prediabetes, and dia-
betes were 29% (n = 530), 28% (n = 504), and 43% (n = 796), 
respectively. Implementation of targeted prediabetes identifica-
tion programs requires careful consideration of how prediabetes 
assessment and screening will occur.
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INTRODUCTION

Type 2 diabetes (referred to as diabetes throughout this 
article) is a common disease that is associated with signifi-
cant morbidity and mortality. One in three U.S. adults 20 to 
64 yr and one in two adults 65 yr or older have prediabetes 
[1], and studies have shown that 15 to 30 percent of patients 
with prediabetes can progress to diabetes in 5 yr [2–3]. 
However, treating patients with intensive lifestyle interven-
tions involving dietary change, physical activity, and 
weight loss can prevent one in seven cases of diabetes [4–
6]. The 2002 Diabetes Prevention Program (DPP) study 
demonstrated that lifestyle interventions in patients with 
prediabetes significantly reduced the risk of progression to 
diabetes by up to 58 percent compared with placebo [4]. 
These landmark findings were confirmed by several other 
large randomized controlled trials [7] and have lasted up to 
10 yr in longitudinal observational studies [5,8–9]. As such, 
the Centers for Disease Control and Prevention (CDC) 
championed national initiatives to increase access to evi-
dence-based lifestyle interventions for individuals at high 
risk for diabetes [10].

In an effort to decrease incident diabetes in Veterans, 
the Veterans Health Administration (VHA) National Cen-
ter for Health Promotion and Disease Prevention (NCP) 
and the Diabetes Quality Enhancement Research Initiative 
(QUERI) partnered to conduct a DPP demonstration proj-
ect for selected Veterans with prediabetes. A fundamental 
challenge in developing this Department of Veterans 
Affairs (VA) DPP Clinical Demonstration Project was 
identification of Veterans with prediabetes. Therefore, the 
objective of this embedded project was to implement a 
prediabetes identification algorithm for high-risk Veterans 
at three VA medical centers (VAMCs) and estimate the 
prevalence of prediabetes among overweight and obese 
Veterans. Understanding the prevalence of prediabetes 
among at-risk Veterans was critical for DPP capacity plan-
ning in the demonstration sites, and understanding barriers 
and facilitators to prediabetes assessment and screening 
would inform dissemination efforts if DPP-type programs 
were eventually to be implemented nationally.

METHODS

Study Design and Population
This was an implementation project embedded within 

the VA DPP Clinical Demonstration Project between 2012 

and 2015 in partnership between VHA NCP and Diabetes 
QUERI. The institutional review board (IRB) at each 
VAMC site approved the research components related to 
the VA DPP Trial. Our team worked with clinical opera-
tions at three VAMCs to facilitate the implementation of 
prediabetes identification algorithms and processes at each 
site. Descriptive information about the implementation 
experiences of the local project teams is drawn upon for 
additional insights.

Veterans in the three VAMCs who attended an orienta-
tion session for an established VA weight-loss program, 
MOVE!, were eligible to participate. MOVE! is an
evidence-based, multidisciplinary, comprehensive weight-
management program that was nationally disseminated 
across all VAMCs in 2006 [11–14]. Veterans were referred 
to MOVE! by clinical providers or self-referred if they
met MOVE! eligibility criteria (body mass index [BMI] 
30 kg/m2 or 25 kg/m2 with one obesity-related condi-
tion, e.g., hypertension). Veterans who reported living 
more than 1 h travel distance were excluded because dis-
tance was a potential barrier to participation in a lifestyle 
intervention that included weekly face-to-face meetings.

Prediabetes Identification Algorithm
We used information from VHA electronic medical 

records (EMRs), interviews, and/or laboratory tests to clas-
sify patients as having normal glycemic status, prediabetes, 
or diabetes. Normal glycemic status was defined by hemo-
globin A1c (A1c)  5.6 percent or fasting plasma glucose 
(FPG)  99 mg/dL and no use of antiglycemic medications, 
including metformin, during the past 6 mo. Prediabetes was 
defined by (1) prior diagnosis of impaired fasting glucose 
or impaired glucose tolerance in the EMR problem list or 
(2) A1c 5.7 to 6.4 percent or FPG 100 to 125 mg/dL and no 
use of antiglycemic medications, including metformin, 
during the past 6 mo. Diabetes was defined by a prior 
diagnosis of diabetes in the EMR problem list, an A1c 
6.5 percent or FPG  126 mg/dL, or use of any antiglyce-
mic medications during the past 6 mo [15].

To identify patients with a prior history of diabetes, 
study staff reviewed VHA EMRs, including pharmacy and 
laboratory data, and asked patients several interview ques-
tions. If a diabetes diagnosis was known or documented in 
the EMR, patients were classified as having diabetes. 
Among the remaining patients without a documented or 
known history of diabetes, prediabetes assessment and 
screening occurred in two sequential steps. The first step 
involved review of EMR data, including laboratory testing 
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within prior 6 to 12 mo and patient responses to several 
interview questions. Patients with a known or documented 
history of prediabetes were classified as having prediabetes. 
All remaining patients who had no known history of diabe-
tes or prediabetes and no recent screening results available 
were invited to undergo laboratory screening. Patients 
referred to MOVE! have established risk factors for diabetes 
in which laboratory screening aligned with CDC, American 
Diabetes Association (ADA), and VA/Department of 

Defense (DOD) guidelines [10,15–16]. Thus, inviting
MOVE! participants to have laboratory screening was con-
sidered quality improvement of routine care (and therefore 
did not require informed consent). CDC DPP thresholds for 
A1c and FPG were used to interpret laboratory results [10]. 
Patients were notified of their laboratory results using a stan-
dardized letter that was mailed to the patient and scanned 
into the VHA EMR. Figure 1 provides an overview of 

Figure 1.
Overview of prediabetes identification algorithm. Normal glycemic status was defined by hemoglobin A1c (A1c) ≤ 5.6 percent or fast-
ing plasma glucose (FPG) ≤ 99 mg/dL and no use of antiglycemic medications, including metformin, during the past 6 mo. Prediabe-
tes was defined by (1) prior diagnosis of impaired fasting glucose or impaired glucose tolerance in the electronic medical record 
(EMR) problem list or (2) A1c 5.7 to 6.4 percent or FPG 100 to 125 mg/dL and no use of antiglycemic medications, including met-
formin, during the past 6 mo. Diabetes was defined by a prior diagnosis of diabetes in the EMR problems list, an A1c ≥ 6.5 percent, 
an FPG ≥ 126 mg/dL, or use of any antiglycemic medications during the past 6 mo.

the 
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prediabetes identification algorithm each site adapted and 
integrated into existing clinical operations.

Data Collection and Statistical Analysis
From the results of the evaluation process, we estimated 

the prevalence of normal glycemic status, prediabetes, and 
diabetes. To examine demographic and other differences 
between patients in these three glycemic status groups, we 
obtained VHA data on age, sex, weight, BMI, A1c, comor-
bidities, and service-connected disability benefits from the 
VHA Corporate Data Warehouse, a national data repository 
comprising data from several VHA clinical and administra-
tive systems. Descriptive analyses were used to estimate 
prevalence of prediabetes in this cohort and to report demo-
graphic characteristics. Analysis of variance and chi-square 
analyses were conducted using SAS version 9.3 (SAS Insti-
tute Inc; Cary, North Carolina) to compare characteristics 
among glycemic status groups. Analyses were conducted 
from 2013 to 2015.

RESULTS

Prevalence of Prediabetes and Patient Characteristics 
by Glycemic Status

Between July 2012 and January 2015 we evaluated 
1,830 patients at three VAMCs through a process of chart 
reviews, interviews, and/or laboratory tests (Table 1). In this 
cohort, the estimated prevalence rates for normal glycemic 
status, prediabetes, and diabetes were 29 percent (n = 530), 
28 percent (n = 504), and 43 percent (n = 796), respectively.

On average, participants with prediabetes were 58 yr 
(standard deviation [SD] = 9.9 yr) with a BMI of 34.8 kg/
m2 (SD = 5.7 kg/m2) and A1c of 6.0 percent (SD = 
0.2%). On average, participants with normal glycemic 
status were younger (53 yr) with similar BMIs (34.8 kg/
m2), while participants with diabetes were older (61.5 yr) 
and had higher BMIs (37.1 kg/m2). Medical comorbidi-
ties such as hypertension, dyslipidemia, coronary artery 
disease, and congestive heart failure occurred most fre-
quently among patients with diabetes and least frequently 
among patients with normal glycemic status (Table 2).

Adaptations of Screening Implementation
Prior to the VA DPP Clinical Demonstration Project, 

none of the three study sites were systematically assessing 
and/or screening MOVE!-referred patients for prediabetes. 
Sites made local decisions about the manner in which the 
prediabetes identification algorithm was implemented in 
order to integrate with existing local clinical operations and 
workflow. The specifics of how the identification algorithm 
was implemented varied between sites; however, all sites 
used the same eligibility criteria to classify patients as hav-
ing normal glycemic status, prediabetes, or diabetes.

Site 1 was located on the West Coast and had the high-
est number of MOVE! attendees among the three sites 
(Table 1). Site 1 MOVE! referrals largely came from pri-
mary care providers who used a preexisting EMR template 
to refer patients to MOVE!. The study team partnered with 
clinical informatics at this site to revise the existing
electronic MOVE! referral template to facilitate the evalu-
ation process. After discussing proposed 

Characteristic Site 1 Site 2 Site 3 p-Value*

Geographic Location West Coast Midwest East Coast —

Unique Outpatient Visits Annually, n 87,210 98,431 56,424 —

MOVE! Attendees, n 2,324 1,433 862 —

VA DPP Prediabetes Assessment Rate,† n 19 17 18 —

Patients Assessed and Screened, n 763 571 496 —

Patients with Diabetes, n (%)‡ 304 (40) 275 (48) 217 (44) 0.003

Patients with Prediabetes, n (%)‡ 237 (31) 125 (22) 142 (29) 0.003

Patients with Normal Glycemic Status, n (%)‡ 222 (29) 171 (30) 137 (28) 0.003

changes with 

Table 1.
Site-specific characteristics and results.

*p-values demonstrate whether the three groups are different or not.
†Per 1,000 patients assigned to a primary care panel.
‡Includes patients with a known or documented diagnosis (based on chart review and interviews) and those who were newly diagnosed with laboratory screening. 
Percentages are rounded to the nearest percent and may not add to 100 due to rounding.
DPP = Diabetes Prevention Program, VA = Department of Veterans Affairs.
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Characteristic
Normal

Glycemic Status*

(n = 530)

Prediabetes*

(n = 504)
Diabetes* 
(n = 796)

p-Value†

Age, yr (mean ± SD) 53.2 ± 13.3 58.3 ± 9.9 61.5 ± 8.5 <0.001

Male, n (%) 471 (89) 450 (89) 763 (96) <0.001

Physiological Tests (mean ± SD)

5.3 ± 0.3 6.0 ± 0.2 7.7 ± 1.7 <0.001

34.8 ± 6.0 34.8 ± 5.7 37.1 ± 6.6 <0.001

Comorbidities, n (%)

240 (45) 306 (61) 676 (85) <0.001

227 (43) 292 (58) 602 (76) <0.001

36 (7) 62 (12) 176 (22) <0.001

15 (3) 24 (5) 73 (9) <0.001

11 (2) 11 (2) 42 (5) 0.001

60 (11) 81 (16) 138 (17) 0.01

5 (1) 4 (1) 8 (1) 0.92

298 (56) 273 (54) 386 (49) 0.01

206 (39) 201 (40) 267 (34) 0.04

95 (18) 117 (23) 205 (26) 0.004

27 (5) 26 (5) 7 (0.9) 0.57

3 (1) 10 (2) 130 (16) <0.001

494 472 713 <0.001

299 (61) 223 (47) 397 (56) —

163 (33) 235 (50) 295 (41) —

32 (6) 14 (3) 21 (3) —

509 472 713 —

43 (8) 21 (4) 51 (7) 0.41

Service-Connected Disability Benefit¶ n = 286 n = 209 n = 437 —

53.2 ± 32.7 52.2 ± 32.2 58.2 ± 33.7 0.05

stakeholders in primary care and MOVE!, the study team 
met regularly with clinical informatics over several weeks 
to design and implement proposed changes. After changes 
were implemented, the electronic MOVE! referral tem-
plate automatically searched for and inserted patients’ 
most recent A1c test (if it was available within the prior 
6 mo). If no result was found, the system prompted an 
order for an A1c screening test after the provider com-

pleted the MOVE! consult request. The decision to order 
the A1c screening had no effect on the referral overall (i.e., 
if the provider did not want to order a test they could sim-
ply close the laboratory order).

Site 2 was located in the Midwest and had an interme-
diate number of MOVE! attendees among the three sites 
(Table 1). Site 2 MOVE! referrals came from primary 
care providers or were patient initiated. Similar to Site 1, 

Table 2.
Participant characteristics.

A1c

BMI

Hypertension

High Cholesterol

Coronary Artery Disease

Congestive Heart Failure

Peripheral Arterial Disease

Chronic Obstructive Pulmonary Disease

Dementia

Mental Health Conditions‡

Substance Abuse

Osteoarthritis

Hypothyroidism

Retinopathy§

Race, n (%)

White

African American

Other

Ethnicity, n (%)

Hispanic

% Yes (mean ± SD)
Note: Where n does not equal the full sample size, Computerized Patient Record System information was incomplete.
*Includes patients with a known or documented diagnosis (based on chart review and interviews) and those who were newly diagnosed with laboratory screening.
†p-Values demonstrate whether the three groups are different or not.
‡Mental health conditions include depression, posttraumatic stress disorder, schizophrenia, and bipolar disorder.
§Retinopathy includes both proliferative and nonproliferative.
¶Service-connected disability benefit may be granted to Veterans who suffer from a disability that was caused or worsened while on Active Duty.
A1c = hemoglobin A1c, BMI = body mass index, SD = standard deviation.
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providers at Site 2 also used a preexisting template within 
the EMR to refer patients to MOVE!. More often, however, 
patients self-referred to MOVE! by requesting an appoint-
ment from clinic staff, who entered referrals into the sys-
tem. This site conducted additional outreach to help recruit 
patients with BMI  35 kg/m2. Site 3, which was located on 
the East Coast and had the lowest number of MOVE! 
attendees (Table 1), did not use an electronic MOVE! refer-
ral process. Instead, information about MOVE! was pro-
vided to candidate patients from a variety of sources (e.g., 
providers, support staff, and informational flyers or bulle-
tins). Patients requested MOVE! appointments by contact-
ing a scheduler in person or by phone in any of the 
outpatient clinics.

At all three sites, patients who attended a MOVE! ori-
entation session were invited to have laboratory screening 
if they had no known diagnosis of prediabetes or diabetes 
and had not already completed laboratory testing within 
the last 6 mo. All sites also chose to rely on A1c testing 
instead of FPG testing. Site 3 used point-of-care (POC) 
A1c testing, but Sites 1 and 2 used laboratory A1c testing.

DISCUSSION

To our knowledge, this study is the first to examine the 
prevalence of prediabetes in a cohort of overweight and 
obese Veterans and to describe implementation experiences 
and recommendations for prediabetes assessment and 
screening in three VAMCs. Each site made unique adapta-
tions to the prediabetes identification algorithm to fit its 
own local clinical context. These adaptations helped us 
identify five critical decision points for implementation of 
prediabetes assessment and screening programs (Figure 2).

The first important decision point focuses on who 
will be targeted for prediabetes assessment and screen-
ing. We focused on evaluating high-risk individuals with 
known risk factors for diabetes. National guidelines spec-
ify that diabetes screening can be considered in individu-
als with BMI  25 kg/m2 or any other recognized risk 
factor for developing diabetes, including cardiovascular 
disease, hypertension, dyslipidemia, polycystic ovarian 
syndrome, physical inactivity, having a first-degree rela-
tive with diabetes, and having a high-risk race/ethnicity 
[10,15–16]. Even in the absence of these criteria, testing 
for diabetes can be considered beginning at 45 yr of age 
[10,15–16]. Although the ADA and VA/DOD make dis-
crete recommendations regarding whom to screen, 

Figure 2.
Five decision points for a prediabetes assessment and screen-

ing program. A1c = hemoglobin A1c, FPG = fasting plasma glu-

cose, OGTT = oral glucose tolerance test, POC = point-of-care.

our 

cohort of patients with significant risk factors for diabe-
tes, including obesity, were not being systematically 
assessed at the three sites prior to this project. Thus, the 
question of whom to assess and screen in real-world clin-
ical settings was not straightforward in these three 
VAMCs and may also vary by clinical setting and popu-
lation in other patient groups.

Overall, population-wide diabetes screening remains 
controversial [17–19]. The benefit of early prediabetes 
detection is the opportunity to prevent diabetes because 
those who screen positive can be referred to intensive life-
style interventions. When resources are not available to 
sustain DPP translations, limiting assessment and screen-
ing to populations at high risk for diabetes may help mini-
mize the number of individuals to evaluate and more 
precisely target interventions to individuals with prediabe-
tes who would benefit most from a DPP-based lifestyle 
intervention or in whom diabetes screening may actually 
be cost-saving [20–21]. However, assessment and screen-
ing may not be necessary in health systems in which
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lifestyle interventions are widely accessible. Thus, who 
will be assessed and screened should be informed by both 
the local population and available resources.

The second and overlapping decision point is when 
assessment and screening will take place. We chose to 
rely on an existing MOVE! referral process because it 
enabled sites to implement a prediabetes identification 
algorithm in a relatively short time frame, requiring few 
additional resources. However, this approach also limited 
the scope of our evaluation to overweight and obese indi-
viduals attending MOVE! orientation sessions. It is likely 
that only a small portion of all high-risk patients were ulti-
mately evaluated because of the relatively low proportion 
of candidates who attend at least one MOVE! session 
[22]. The prevalence rate (28%) of prediabetes in this 
cohort of 1,830 overweight and obese Veterans across 
three VAMCs was surprisingly low compared with CDC 
estimates for the general population (37%) [23]. This low 
prevalence may be partially explained by the high preva-
lence rate (43%) of diabetes in this cohort, suggesting that 
the window of opportunity to prevent diabetes was missed 
by the time many attended a MOVE! orientation session. 
Thus, even in a system that already has very high rates 
of screening for obesity (95%) and a robust weight-
management program (MOVE!), targeted identification of 
prediabetes was challenging [22]. Therefore, integration 
within the context of local clinical processes is critical, 
but real-time adaptations may be needed to optimize 
uptake and reach among individuals at highest risk.

The third decision point is what outreach is needed. 
Awareness of the importance of assessment and screening 
can affect a provider’s willingness to refer a patient for 
screening and a patient’s willingness to undergo screening. 
Additionally, studies have shown that patients are often not 
aware of prediabetes as a medical issue [21,24–25]. Even 
when both provider and patient are aware, prediabetes may 
not be prioritized when managing long problem lists 
during short office visits. Thus, it is important to consider 
outreach at all levels (patient, provider, and organization). 
Increasing awareness of prediabetes as an important and 
modifiable health issue may help improve the variable 
patient engagement demonstrated in translational DPP 
studies [26–27]. For example, public health messages 
focused on diabetes prevention may help improve patient 
awareness of prediabetes and diabetes prevention.

The fourth decision point is where the link to primary 
care will take place. Primary care providers are best posi-
tioned to influence whether an individual should be 

assessed or screened for diabetes because of their direct 
contact and relationships with patients. Assessment and 
screening results should be communicated or made read-
ily available to primary care providers who are responsi-
ble for patients’ long-term care. Primary care providers 
may need to triage patients to other needed services or 
consider further treatment for individuals who need fol-
low-up. Therefore, it is important that providers have 
access to results and are updated on their patients’ status 
to optimize long-term care. In our project, all patients 
who underwent laboratory screening received a standard-
ized letter explaining their results. Both the laboratory 
results and a copy of the mailed letter were easily acces-
sible to all providers through the VHA EMR. In these 
ways, we tried to address the need for increased aware-
ness and communication with both the patient and pro-
vider. The robust EMR and vertical integration of the 
VHA facilitated these efforts, but achieving these simple 
steps may be more difficult in other settings.

The fifth decision point is how assessment and 
screening are conducted. Laboratory screening can rely on 
an FPG, A1c, or oral glucose tolerance test. All three sites 
preferred A1c over FPG testing because of its exemption 
from fasting, potentially greater preanalytical stability, 
and fewer day-to-day perturbations during stress or illness 
[15]. Studies have also demonstrated a strong, continuous 
association between A1c and subsequent diabetes compa-
rable to FPG testing [15]. Evidence also suggests that 
baseline A1c may be a stronger predictor of subsequent 
diabetes and cardiovascular events in African Americans 
and non-Hispanic white adults without diabetes [15,28].

Site 3 incorporated POC A1c testing because it was 
already routinely used in outpatient clinics and was there-
fore relatively easy to incorporate into MOVE! orientation 
sessions. In contrast, Site 1 tried to initiate POC testing but 
experienced significant delays because POC A1c was not 
already integrated into existing clinical operations. Site 2 
considered POC A1c testing, but it was not organizationally 
supported. It is worth noting that ADA guidelines recom-
mend all A1c testing be done by a procedure certified by 
the National Glycohemoglobin Standardization Program 
and standardized to the Diabetes Control and Complica-
tions Trial assay [15,29]. Although studies have shown that 
the commercially available POC instruments such as DCA 
Vantage (Siemens Healthineers; Malvern, Pennsylvania; 
used in Site 3), Afinion (Alere; Waltham, Massachusetts), 
cobas b 101 (Roche Diagnostics; Risch-Rotkreuz, Switzer-
land), and B-analyst (A. Menarini Diagnostics; Firenze, 
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Italy) meet generally accepted performance criteria for A1c 
[30], ADA guidelines do not yet endorse the use of POC 
A1c for diagnosis [15]. Overall, the relative advantages 
and disadvantages of each screening method should be 
considered and balanced with the needs of the population 
being targeting.

Our project has several limitations. First, confirma-
tory or repeat laboratory testing, although recommended 
to all participants and primary care providers, was not part 
of the assessment and screening algorithm. However, in 
almost all cases a single A1c screening test was the test of 
choice, which has been shown to be highly specific with 
much lower intraindividual biological variation and fewer 
false-positive diagnoses than FPG testing [31]. Second, 
our study cohort included predominantly male Veterans 
from three VAMCs. Participants were quite diverse on 
many characteristics, including geographic location and 
race/ethnicity, but the low participation of females and 
non-Veterans may limit generalizability. Last, only the 
subset of patients who attended a MOVE! orientation ses-
sion were evaluated. It is likely that less motivated 
patients were missed because they did not attend MOVE! 
orientation after referral or a referral was never placed.

CONCLUSIONS

Our study describes implementation experiences of a 
prediabetes identification algorithm targeted to over-
weight and obese individuals who attended a weight-
management orientation session where the estimated 
prevalence of diabetes (43%) was nearly double the prev-
alence of prediabetes (28%). Study sites relied on an 
existing MOVE! referral process, which made implemen-
tation of a prediabetes identification algorithm relatively 
efficient, but this approach may have overly restricted 
assessment and screening by limiting the number of over-
weight and obese Veterans who had the opportunity to be 
evaluated. Our experience highlights the importance of 
carefully considering who receives prediabetes assess-
ment and screening, when and where it takes place, what 
is being done to raise awareness of its importance, and 
how it is conducted. National guidelines recommend pre-
diabetes screening based on diabetes risk factors and age, 
but this approach needs to be balanced with local patient 
characteristics, clinical flow, and available resources.
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