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OBJECTIVE

Rates of diagnosis of prediabetes and uptake of the National Diabetes Prevention
Program (NDPP) are low.We evaluated a proactive three-level strategy to identify
individuals with prediabetes in a population with employer-sponsored health
insurance.

RESEARCH DESIGN AND METHODS

We studied 64,131 insured employees, dependents, and retirees $18 years of
age without diagnosed diabetes, 19,397 (30%) of whom were estimated to have
prediabetes. Individuals with prediabetes were identified by 1) searching claims
diagnoses and previously performed HbA1c test results, 2) risk stratifying people
40–64 years of age without diabetes, prediabetes, or documented normal HbA1c

to identify individuals at higher risk and encourage them to be tested, and 3) us-
ing a media campaign to encourage employees not otherwise targeted to self-
screen and, if at higher risk, to be tested.

RESULTS

Using claims and laboratory data, 11% of the population was identified as having
prediabetes. Of those 40–64 years of age, 25% were identified as being at higher
risk, and 27% of them were tested or diagnosed within 1 year. Of employees
exposed to the media campaign, 14% were tested or diagnosed within 1 year. In-
dividuals with prediabetes were older, heavier, and more likely to have hyperten-
sion and dyslipidemia. Testing and diagnosis were associated with receiving
medical care and provider outreach. A total of 8,129 individuals, or 42% of those
with prediabetes, were identified.

CONCLUSIONS

Analysis of existing health insurance data facilitated the identification of individu-
als with prediabetes. Better identification of people with prediabetes is a first
step in increasing uptake of the NDPP.

In 2018, 88 million U.S. adults aged $18 years had prediabetes (1). Unfortunately,
despite compelling evidence of the efficacy (2) and cost-effectiveness (3,4) of a tar-
geted lifestyle intervention for diabetes prevention as studied in the Diabetes
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Prevention Program and the nationwide
rollout of the National Diabetes Preven-
tion Program (NDPP) (5), uptake of the
NDPP has been low (6). Although of-
fered through >400 venues and paid
for by many commercial and state em-
ployee health plans, state Medicaid
programs, and Medicare, <36,000 indi-
viduals enrolled in the NDPP during its
first 4 years of implementation (6). This
suggests that by 2015, only 1 in 10,000
adults with prediabetes had availed
themselves to the NDPP each year.
There are a number of possible explana-
tions for this low uptake (7). First, predi-
abetes is often undiagnosed, and, even
when diagnosed, information about the
diagnosis may not be communicated to
patients. In 2018, only 15% of U.S.
adults with prediabetes reported being
told by a health professional that they
had prediabetes (1). Second, there is of-
ten a lack of proactive outreach to peo-
ple with prediabetes to engage them in
targeted prevention interventions. Most
organizations that offer the DPP and
payers who cover it have relied on pas-
sive self-referral. Third, both the length
and intensity of the NDPP may deter
some individuals from participating. The
1-year NDPP requires at least 16 ses-
sions during the first 6 months and
monthly sessions thereafter. Finally,
the pay-for-performance reimbursement
model used for the NDPP may deter
NDPP suppliers from enrolling candi-
dates whom they feel might not adhere
to the program (8).
Beginning in August 2015, the Univer-

sity of Michigan (U-M) decided to offer
its insured employees, dependents, and
retirees with prediabetes their choice of
four Centers for Disease Control and
Prevention–recognized 1-year NDPPs at
no out-of-pocket cost. We used this nat-
ural experiment to evaluate three popu-
lation-based strategies to increase
awareness of and screening for predia-
betes and promote enrollment in the
NDPP.
In this study, we describe the charac-

teristics of the U-M population with
previously diagnosed prediabetes, the
population identified as being at high
risk for prediabetes, and the population
of U-M employees exposed to the me-
dia campaign who were not otherwise
identified as having or being at high risk
for prediabetes. We then describe the
rates and outcomes of screening and

the rates of diagnosis of prediabetes ac-
cording to the target population and
the identification strategy used. The re-
sults highlight the yield of these compli-
mentary strategies to identify and to
target screening to identify individuals
with prediabetes.

RESEARCH DESIGN AND METHODS

U-M is a public research university in
Ann Arbor, MI, with smaller regional
campuses in Flint and Dearborn, MI. Ap-
proximately 85,000 university employ-
ees, dependents, and retirees are
insured by Premier Care, the U-M’s self-
funded commercial health insurance
program. Blue Care Network (BCN) is
the claims manager for Premier Care.
Recognizing the proven effectiveness
and cost-effectiveness of the DPP (2–4),
the U-M Benefits Office decided to offer
the NDPP at no out-of-pocket cost to
overweight and obese employees, de-
pendents, and retirees $18 years of
age with prediabetes who had Premier
Care. Recognizing the historically low
uptake of the NDPP, the Benefits Office
chose to test three proactive identifica-
tion strategies in a 3-year pilot study
and to facilitate our rigorous evaluation
of those strategies (Fig. 1).

Strategy 1
Strategy 1 involved the health plan
identifying individuals without diag-
nosed diabetes but with a claims diag-
nosis consistent with prediabetes or
a previous HbA1c level of 5.7–6.4%
(39–46 mmol/mol). Beginning in August
2015, BCN used enrollment, claims,
pharmacy, and laboratory data to iden-
tify Premier Care members $18 years
of age with no evidence of diabetes
who had at least one claim for impaired
fasting glucose (ICD-9 790.21 or ICD-10
R7301), impaired glucose tolerance
(ICD-9 790.22 or ICD-10 R7302), or
other abnormal glucose (ICD-9 790.29
or ICD-10 R73, R730, R7309, and R739)
or an HbA1c level between 5.7% and
6.4% in the past 3 years. These criteria
were then applied approximately every
6 months, and invitations to enroll in
the NDPP were mailed to newly identi-
fied individuals meeting these criteria
and to individuals identified to the
health plan as having prediabetes by
their primary care physicians (PCPs).
Letters were mailed to a total of 6,736

individuals: 2,539 in August 2015, 948
in November 2015, 1,145 in October
2016, 561 in January 2017, 698 in July
2017, 557 in January 2018, and 239 in
July 2018. Invitation letters were also
mailed to 49 individuals who were not
identified as having prediabetes by BCN
but who were identified as having pre-
diabetes by their PCPs. These individuals
were likely diagnosed as having predia-
betes based upon glucose criteria with-
out a claims diagnosis code or a
qualifying HbA1c level.

Strategy 2
Strategy 2 involved the health plan ap-
plying a validated risk stratification algo-
rithm to claims data for individuals
40–64 years of age without diabetes,
prediabetes, or documented normal
glucose regulation (HbA1c <5.7%) to
identify higher-risk individuals and en-
courage them to see their PCPs to be
tested for prediabetes. Previously, we
developed and validated an algorithm
that used health plan enrollment and
demographic, claims, pharmacy, and
laboratory data (but not HbA1c or fast-
ing glucose levels) to identify nonpreg-
nant adults 40–64 years of age with
impaired fasting glucose (defined as
fasting glucose 110–125 mg/dL) or
previously undiagnosed diabetes (7).
Four models were developed that
used demographic information and
progressively more comprehensive
health plan data related to diabetes
risk factors (9). Approximately every 6
months, BCN applied these models to
Premier Care data. Individuals in the
highest three deciles of risk using the
most comprehensive of the four mod-
els for which they had data were sent
letters by BCN, notifying them of their
increased risk and encouraging them
to follow up with their PCPs for diag-
nostic testing. A total of 5,219 individ-
uals 40–64 years of age received
strategy 2 letters including 1,010 in
July 2016, 1,371 in January 2017, 629
in July 2017, 1,450 in January 2018,
and 759 in July 2018. Each strategy 2
letter was followed in

e

60 days by a
single reminder letter. A few provider
groups elected to perform additional
outreach to their patients at high risk
for prediabetes by sending electronic
medical record portal messages or let-
ters or by contacting their patients by
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telephone. The impact of this provider
group outreach was assessed.

Strategy 3
Strategy 3 involved the U-M Benefits
Office implementing a digital and print
media campaign and sending an e-mail
to all employees encouraging them to
screen themselves for prediabetes using
an online questionnaire and, if positive,
to obtain follow-up diagnostic tests
from their PCPs. In January 2018, the U-
M Benefits Office launched a media
campaign to its employees describing
the DPP benefit. The campaign used
print and electronic announcements, ar-
ticles, advertisements, and social media.
In addition, 29,875 employees, but not
dependents or retirees, received e-mails
encouraging them to self-screen for pre-
diabetes with a simple, online five-item
questionnaire (10) and, if positive, to
see their PCPs to be tested for predia-
betes. We assessed the number of
times per week the link to the online
screening questionnaire was accessed.
We also assessed the numbers of em-
ployees who had not previously been
targeted by strategy 1 or strategy 2 and
who had HbA1c tests performed within
1 year of the date of the e-mail.

Data Analysis
Data for these analyses were obtained
from BCN. Claims diagnoses were based
on the presence of at least one ICD-9 or
ICD-10 code in specific categories in the
3 years before the initial contact letter.
Residential address zip codes were
merged with data from the U.S. Census
FactFinder Tool (11) to describe zip
code–specific median household in-
come, percent unemployment, and per-
cent participation in the Supplemental
Nutrition Assistance Program (or food
stamps) based on 5-year averages de-
rived from the American Community
Survey. To evaluate the impact of the
strategies individually and in aggregate,
we described the characteristics of
those with and without prediabetes,
those who were identified as being at
high risk and those who were at lower
risk, and the characteristics of those
who were screened and not screened.
Differences between groups were as-
sessed using t tests for continuous
variables and x2 tests for categorical
variables. The study was reviewed and
approved by the U-M Institutional Re-
view Board, and all analyses were per-
formed using SAS 9.4 (SAS Institute,
Cary, NC).

RESULTS

The study population included 64,131
U-M employees, dependents, and retir-
ees $18 years of age without diabetes
who were enrolled in the University’s
self-funded health insurance plan (Fig.
1). Table 1 shows the characteristics of
the population. Mean age (± SD) was
39 ± 14 years. Fifty-five percent of the
population were women, and 84% were
White. Approximately half of the popu-
lation had seen a PCP and specialist in
the past year. Mean BMI was 28.3 ± 6.7
kg/m2.

At baseline, 11% of employees, de-
pendents, and retirees $18 years of
age without diabetes had a claims diag-
nosis for prediabetes or an HbA1c of
5.7–6.4% recorded in the previous 3
years. Table 1 shows the characteristics
of these 6,736 individuals. Compared
with those without prediabetes, those
with prediabetes were significantly
older, more likely to be women, and
less likely to be White. Individuals with
prediabetes were significantly more like-
ly to visit a PCP or specialist in the past
year. They had significantly higher BMI,
systolic and diastolic blood pressures,
and triglyceride levels and had lower
HDL-cholesterol levels. Individuals with

Figure 1—CONSORT diagram.
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prediabetes were significantly more
likely to have had HbA1c tests performed,
and HbA1c levels were significantly high-
er. Individuals with prediabetes were
more likely to have claims diagnoses of
overweight or obesity, hypertension, dys-
lipidemia, smoking, and cardiovascular
disease. They were also more likely to
have filled prescriptions for blood pres-
sure and lipid-lowering medications.
Geocoding indicated that those with pre-
diabetes were more likely to live in
neighborhoods with lower median in-
comes and in neighborhoods with a
lower percentage of unemployment but
a higher percentage of residents receiv-
ing food stamps.

Table 2 shows the baseline character-
istics of the 20,797 U-M employees, de-
pendents, and retirees 40–64 years of
age without known diabetes, prediabe-
tes, or normal HbA1c levels stratified ac-
cording to their calculated risk of having
prediabetes or undiagnosed diabetes.
The 5,219 (25%) subjects identified as
being at higher risk were stratified ac-
cording to whether or not they were
tested for prediabetes with an HbA1c
test or diagnosed with prediabetes or
diabetes within 1 year after their initial
strategy 2 high-risk notification. Com-
pared with the 15,578 individuals 40 to
64 years of age at lower risk, those at
higher risk were older, more likely to be

men, more likely to be White, and more
likely to have made at least one PCP vis-
it and one specialist visit in the past
year. They were more likely to have
higher BMI and blood pressure levels
and to have less favorable HDL and tri-
glyceride profiles. They were also more
likely to have claims diagnoses for car-
diovascular risk factors and cardiovascu-
lar disease and more likely to be
treated for hypertension and dyslipide-
mia. They did not differ from lower-risk
individuals with respect to neighbor-
hood characteristics.

A total of 1,416 out of the 5,219 indi-
viduals identified as being at higher risk
for prediabetes at baseline (27%) had

Table 1—Baseline characteristics of U-M employees, dependents, and retirees $18 years of age with Premier Care insurance,
without diabetes stratified by prediabetes status

Total No prediabetes Prediabetes P value

N (%) 64,131 57,395 (89) 6,736 (11) —

Age (years) 39 ± 14 38 ± 13 50 ± 12 <0.0001

Sex <0.0001

Women 35,244 (55) 31,338 (55) 3,906 (58)
Men 28,887 (45) 26,057 (45) 2,830 (42)

Race <0.0001

Asian 3,382 (8) 2,851 (8) 531(10)
Black 2,688 (7) 2,229 (6) 459 (8)
White 34,575 (84) 30,227 (84) 4,348 (80)
Other 651 (2) 579 (2) 72 (1)

At least one PCP visit in past year 34,574 (54) 28,654 (50) 5,920 (88) <0.0001

At least one specialist visit in past year 29,687 (46) 25,046 (44) 4,641 (69) <0.0001

BMI (kg/m2) 28.3 ± 6.7 27.6 ± 6.3 32.4 ± 7.3 <0.0001

Blood pressure (mmHg)

Systolic 120 ± 15 119 ± 15 125 ± 15 <0.0001
Diastolic 72 ± 10 72 ± 10 75 ± 10 <0.0001

Cholesterol (mg/dL)

Total cholesterol 194 ± 38 194 ± 38 194 ± 39 0.7565
HDL 55 ± 16 56 ± 17 52 ± 15 <0.0001
Women 61 ± 16 63 ± 17 57 ± 15 <0.0001
Men 48 ± 13 49 ± 13 46 ± 12 <0.0001

Triglycerides 129 ± 88 122 ± 87 147 ± 91 <0.0001
LDL 113 ± 32 113 ± 32 113 ± 33 0.8387

HbA1c (%) 5.7 ± 0.6, N = 9,134 (14) 5.3 ± 0.5, N = 4,504 (8) 5.8 ± 0.5, N = 4,630 (69) <0.0001

Claims diagnosis

Overweight/obesity 8,598 (13) 6,223 (11) 2,375 (35) <0.0001
Hypertension 8,108 (13) 5,539 (10) 2,569 (38) <0.0001
Any antihypertensive medication 8,168 (13) 5,761 (10) 2,407 (35) <0.0001
Dyslipidemia 6,651 (10) 4,062 (7) 2,389 (35) <0.0001
Any lipid-lowering medication 3,619 (6) 2,232 (4) 1,387 (20) <0.0001
Smoking 1,737 (3) 1,271 (2) 466 (7) <0.0001
Women 850 (2) 624 (2) 226 (6) <0.0001
Men 887 (3) 647 (2) 240 (8) <0.0001

Cardiovascular disease 1,917 (3) 1,219 (2) 698 (10) <0.0001

Geocoded indicators

Median neighborhood income ($) 70,228 70,290 69,704 0.0123
Percent unemployment 35.3 ± 5.0 35.4 ± 5.0 35.0 ± 4.7 <0.0001
Percent receiving food stamps 7.9 ± 6.0 7.7 ± 5.9 8.7 ± 6.6 <0.0001

Data are n (%) or mean ± SD.
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HbA1c tests or claims diagnoses for pre-
diabetes or diabetes within 1 year after
their initial strategy 2 notification (Table
2). Of them, 582 were diagnosed with
prediabetes (41% of those tested). Com-
pared with those who were not tested
or diagnosed, those who were tested or
diagnosed were more likely to be
women and less likely to be White.
They were more likely to have made
PCP and specialist visits. They had signifi-
cantly higher BMI but lower diastolic
blood pressure and LDL-cholesterol levels.
Based on claims diagnoses, they were
more likely to be overweight or obese,
have hypertension and dyslipidemia,

and have cardiovascular disease. They
were more likely to be taking medica-
tions for blood pressure and lipid man-
agement and were not more likely to be
smokers than those who were not test-
ed or diagnosed. They did not differ
from those who were not tested or diag-
nosed with respect to neighborhood
characteristics. Two percent of provider
groups performed additional outreach
(portal messages, letters, or telephone
calls) to their high-risk patients, encour-
aging them to be tested for prediabetes.
Within provider groups that performed
additional outreach, individuals who re-
ceived outreach were more likely to be

tested or diagnosed with prediabetes
than those who did not receive individu-
al outreach (42% vs. 30%; P = 0.002).

Table 3 shows the characteristics of
the 29,875 U-M employees who did not
have diabetes or prediabetes and were
not identified as being at higher risk for
prediabetes by strategy 2, but who re-
ceived e-mails encouraging them to
self-screen with a risk questionnaire. In
1 month, the screening questionnaire
was opened 6,300 times. If employees
had a positive screening test result,
they were encouraged to see their PCPs
for diagnostic testing. We further strati-
fied the population of employees into

Table 2—Baseline characteristics of U-M employees, dependents, and retirees 40–64 years of age with Premier Care
insurance, without known diabetes, prediabetes, or normal HbA1c stratified by risk for prediabetes, testing, and diagnosis

Aged 40–64
years

Lower risk for
prediabetes

Higher risk for
prediabetes P value

Any HbA1c or
prediabetes
or diabetes
diagnosis

No HbA1c or
prediabetes
or diabetes
diagnosis P value

N (%) 20,797 (36) 15,578 (75) 5,219 (25) — 1,416 (27) 3,803 (73) —

Age (years) 51 ± 7 50 ± 7 56 ± 6 <0.0001 56 ± 6 56 ± 6 0.6209

Sex <0.0001 <0.0001

Women 11,679 (56) 10,667 (68) 1,012 (19) 369 (26) 643 (17)
Men 9118 (44) 4,911 (32) 4,207 (81) 1047 (74) 3,160 (83)

Race <0.0001 0.0278

Asian 1,322 (8) 976 (8) 346 (8) 97 (8) 249 (7)
Black 817 (5) 741 (7) 76 (2) 31 (3) 45 (1)
White 14,402 (86) 10,334 (85) 4,068 (89) 1,076 (88) 2,992 (90)
Other 212 (1) 154 (1) 58 (1) 19 (2) 39 (1)

At least one PCP visit in past year 13,677 (66) 9,860 (63) 3,817 (73) <0.0001 1,079 (76) 2,738 (72) 0.0023

At least one specialist visit in past year 11,062 (53) 8,102 (52) 2,960 (57) <0.0001 868 (61) 2,092 (55) <0.0001

BMI (kg/m2) 28.7 ± 6.3 27.3 ± 5.7 32.6 ± 6.3 <0.0001 33.4 ± 6.7 32.2 ± 6.0 <0.0001

Blood pressure (mmHg)

Systolic 122 ± 16 119 ± 14 132 ± 15 <0.0001 132 ± 15 132 ± 15 0.9500
Diastolic 74 ± 10 72 ± 10 79 ± 10 <0.0001 78 ± 10 79 ± 10 0.0071

Cholesterol (mg/dL)

Total cholesterol 201 ± 37 202 ± 36 197 ± 39 <0.0001 195 ± 39 197 ± 37 0.1325
HDL 57 ± 17 61 ± 17 47 ± 12 <0.0001 48 ± 14 47 ± 11 0.3526

Women 64 ± 17 65 ± 17 53 ± 13 <0.0001 54 ± 15 52 ± 12 0.2497
Men 49 ± 13 52 ± 14 46 ± 11 <0.0001 45 ± 12 46 ± 11 0.5739

Triglycerides 129 ± 91 115 ± 73 161 ± 117 <0.0001 164 ± 134 159 ± 110 0.4770
LDL 118 ± 32 118 ±31 118 ± 33 0.9484 114 ± 33 119 ± 33 0.0016

Claims diagnosis of

Overweight/obesity 3,538 (17) 1,788 (11) 1,750 (34) <0.0001 581 (41) 1,169 (31) <0.0001
Hypertension 4,139 (20) 1,818 (12) 2,321 (44) <0.0001 701 (50) 1,620 (43) <0.0001
Any antihypertensive medication 3,945 (19) 1,915 (12) 2,030 (39) <0.0001 631 (45) 1,299 (37) <0.0001
Dyslipidemia 3,126 (15) 1,624 (10) 1,502 (29) <0.001 464 (33) 1,038 (27) 0.0001
Any lipid-lowering medication 1,791 (9) 724 (5) 1,067 (20) <0.0001 346 (24) 721 (19) <0.0001
Smoking 681 (3) 427 (3) 254 (5) <0.0002 73 (5) 181 (5) 0.5544

Women 343 (3) 290 (3) 53 (5) <0.0001 23 (6) 30 (5) 0.2813
Men 338 (4) 137 (3) 201 (5) <0.0001 50 (5) 151 (5) 0.9969

Cardiovascular disease 843 (4) 421 (3) 422 (8) <0.0001 138 (10) 284 (7) 0.0073

Geocoded indicators

Median neighborhood income ($) 72,239 72,232 72,263 0.9168 71,764 72,448 0.2194
Percent unemployment 34.9 ± 4.7 34.8 ± 4.8 34.9 ± 4.6 0.4613 34.9 ± 4.7 34.9 ± 4.6 0.7631
Percent receiving food stamps 7.7 ± 5.7 7.7 ± 5.8 7.7 ± 5.6 0.6638 7.9 ± 5.6 7.6 ± 5.6 0.1522

Data are N (%) or mean ± SD.
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those who had HbA1c tests or were di-
agnosed with prediabetes or diabetes
within 1 year after the e-mail and those
who were not. A total of 4,056 of the
target population of 29,875 (14%) had
HbA1c tests or diagnoses of prediabetes
or diabetes (Table 3). Of them, 813
were diagnosed with prediabetes (20%
of those tested). Those who were tested
or diagnosed were significantly older,
more likely to be women, and less likely
to be White than those who were not
tested or diagnosed. They were more
likely to have made at least one PCP
and specialist visit. They had significant-
ly higher BMI and blood pressure levels
and less favorable lipid profiles. Based

on claims data, they were more likely to
be overweight or obese and to have hy-
pertension, dyslipidemia, or cardiovas-
cular disease and more likely to be
treated with blood pressure and lipid-
lowering medications. Men who were
tested or diagnosed were slightly more
likely to be smokers. Those who were
tested or diagnosed lived in neighbor-
hoods with lower percentages of unem-
ployment but higher percentages of
residents receiving food stamps.

CONCLUSIONS

We found that in a large, predomi-
nantly White, employed, and insured

population of adults $18 years of age
who were overweight or obese but
generally had well-controlled blood
pressure and lipid levels, 11% of
adults without diabetes had claims di-
agnoses or met HbA1c criteria for pre-
diabetes based on data available
through their health plan. No addi-
tional screening or biochemical testing
was required to identify these individ-
uals. Although substantially lower
than the 30% prevalence of prediabe-
tes estimated by applying age-specific
National Health and Nutrition Exami-
nation Survey prediabetes prevalence
rates to the U-M population, this prev-
alence was twice as high as the 5%

Table 3—Baseline characteristics of U-M employees with Premier Care insurance, without diabetes, prediabetes, or at high
risk for prediabetes who were encouraged to self-screen, stratified by those who were tested or diagnosed or not tested or
diagnosed within 1 year

Total
Any HbA1c or diagnosis of
prediabetes or diabetes

No HbA1c or diagnosis of
prediabetes or diabetes P value

N (%) 29,875 4,056 (14) 25,819 (86) —

Age (years) 38 ± 12 44 ± 12 37 ± 11 <0.0001

Sex <0.0001

Women 18,993 (64) 2,897 (71) 16,096 (62)
Men 10,882 (36) 1,159 (29) 9,723 (38)

Race 0.0072

Asian 1,272 (8) 244 (9) 1,028 (8)
Black 1,172 (7) 228 (8) 944 (7)
White 13,798 (84) 2,307 (82) 11,491 (84)
Other 211 (1) 28 (1) 183 (1)

At least 1 PCP visit in past year 15,211 (51) 2,455 (61) 12,756 (49) <0.001

At least 1 specialist visit in past year 13,967 (47) 2,105 (52) 11,862 (45) <0.0001

BMI (kg/m2) 27.1 ± 6.1 29.4 ± 7.0 26.7 ± 5.8 <0.0001

Blood pressure (mmHg)

Systolic 118 ± 14 120 ± 15 117 ± 14 <0.0001
Diastolic 72 ± 10 72 ± 10 71 ± 10 <0.0001

Cholesterol (mg/dL)

Total cholesterol 194 ± 37 196 ± 37 193 ± 37 0.0062
HDL 59 ± 17 58 ± 17 60 ± 17 0.0007
Women 63 ± 17 62 ± 17 64 ± 16 0.0004
Men 50 ± 13 48 ± 13 51 ± 13 0.0003

Triglycerides 112 ± 75 126 ± 90 109 ± 71 <0.0001
LDL 112 ± 32 114 ± 32 112 ± 31 0.0148

Claims diagnosis of

Overweight/obesity 2,974 (10) 811 (20) 2,163 (8) <0.0001
Hypertension 2,171 (7) 571 (14) 1,600 (6) <0.0001
Any antihypertensive medication 2,598 (9) 568 (14) 2,030 (8) <0.0001
Dyslipidemia 1,669 (6) 401 (10) 1,268 (5) <0.0001
Any lipid-lowering medication 737 (2) 205 (5) 532 (2) <0.0001
Smoking 520 (2) 83 (2) 437 (2) 0.1092
Women 379 (2) 58 (2) 321 (2) 0.9780
Men 141 (1) 25 (2) 116 (1) 0.0061

Cardiovascular disease 503 (2) 108 (3) 395 (2) <0.0001

Geocoded Indicators

Median neighborhood income ($) 69,709 69,605 69,726 0.6887
Percent unemployment 35.5 ± 5.1 35.0 ± 4.8 35.6 ± 5.1 <0.0001
Percent receiving food stamps 7.7 ± 5.9 8.5 ± 6.5 7.5 ± 5.8 <0.0001

Data are N (%) or mean ± SD.
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prevalence of diagnosed prediabetes
reported by U.S. adults (1). This sug-
gests that even without additional
screening or biochemical testing,
more than one-third of the U-M popu-
lation with prediabetes (6,736 individ-
uals or �35%) could be readily
identified.

Unfortunately, many individuals who
have claims for prediabetes or HbA1c
levels diagnostic of prediabetes may not
be aware of the diagnosis. Only �15%
of American adults with screen-de-
tected prediabetes report ever having
been told by a health care provider
about their high-risk status (1). We
found that only 49% of individuals with
prediabetes identified with strategy 1
who subsequently responded to mailed
surveys answered that they had predia-
betes. Twenty-nine percent responded
that they did not have prediabetes, and
22% responded that they were not sure
if they had prediabetes (data not
shown) (7,12). This may reflect in part
providers’ perception of the term
“prediabetes” and their views on its
meaning and impact (13). It also sug-
gests that the diagnosis may not be
communicated to patients in ways that
are understandable or actionable and
highlights the need for better risk com-
munication between providers and pa-
tients. Health care providers’ awareness
of the NDPP program also appears to
be limited. In prior studies, fewer than
one-quarter of PCPs reported ever hav-
ing made a referral to the NDPP
(14,15).

In addition to using health plan data
to identify people with diagnosed predi-
abetes who may or may not be aware
of the diagnosis, we showed that it is
feasible to use available health plan
data to risk stratify individuals 40–64
years of age without diabetes, prediabe-
tes, or normal HbA1c levels to identify
those at higher risk and to target them
for definitive diagnostic testing. After
the health plan applied risk stratification
algorithms to its claims data, we sent
targeted mailings to individuals in the
highest quartile of risk encouraging
them to be tested. A total of 27% of
those who received these targeted let-
ters were subsequently tested within 1
year, and, of those tested, 41% were
diagnosed with prediabetes. This sug-
gests that available health plan data can

be used to proactively and efficiently
identify individuals at higher risk for un-
diagnosed prediabetes or diabetes and
to target them for testing. Unfortunate-
ly, this strategy identified only 582 indi-
viduals or 3.0% of all individuals
estimated to have prediabetes in the
population.

We also assessed the impact of a
mass media campaign and e-mail that
encouraged employees without diabe-
tes, prediabetes, or known high risk for
prediabetes to self-screen for prediabe-
tes with a questionnaire and to follow-
up with their PCPs for definitive diag-
nostic testing. A total of 14% of employ-
ees had follow-up HbA1c testing or were
diagnosed with prediabetes or diabetes
within 1 year of the e-mail. Of those
tested, only 20% were diagnosed with
prediabetes. The yield of this approach
to identify people with prediabetes was
approximately one-half that of the tar-
geted approach and was consistent with
the results of programs that use mass
media campaigns alone to encourage
screening for prediabetes (16–18). De-
spite its lower yield, this strategy identi-
fied 813 individuals or 4.2% of all
individuals estimated to have prediabe-
tes in the population.

Essentially all of those identified with
prediabetes displayed the risk factors
highlighted by the American Diabetes
Association (10). They were significantly
older, more likely to be women, and
more likely to be non-White than those
without prediabetes. They were also sig-
nificantly more likely to have made out-
patient visits to PCPs and specialists in
the past year and to have higher BMI
and blood pressure levels and less
favorable lipid profiles. In addition,
they were more likely to have claims
diagnoses for overweight or obesity,
hypertension, dyslipidemia, smoking,
and cardiovascular disease. They also
lived in neighborhoods with lower me-
dian incomes and higher percentages
of residents receiving food stamps.

Taken together, these results suggest
that a sequential, opportunistic ap-
proach to case finding, conducted using
an insured population’s existing health
insurance records, can identify as many
as 42% of all individuals with prediabe-
tes in the population. The vast majority
(83%) of individuals with prediabetes
who were identified were identified

using existing health plan claims data or
previously measured HbA1c levels. No
further testing was required. An addi-
tional 7% were identified by encourag-
ing targeted testing, and 10% were
identified using population screening.
Since the proportion of positive tests
was twofold higher when targeted
screening was performed compared
with population screening, it is reason-
able to consider expanding the use of
targeted screening of high-risk individu-
als by including a larger proportion of
those at higher risk and by encouraging
provider groups to perform additional
outreach. The fact that men were less
likely to have diagnosed prediabetes
and less likely to respond to targeted
or general outreach suggests that addi-
tional efforts will be needed to identify
and engage men with prediabetes
(19–21).

Although more recent reports indi-
cate that enrollment in the NDPP has
increased substantially since 2015
(22,23), additional interventions will be
needed to increase provider awareness
of prediabetes and facilitate communi-
cation of risk to patients with prediabe-
tes. The American Medical Association
and the YMCA of the U.S. have devel-
oped tools and tested the feasibility of
establishing clinical–community linkages
to facilitate the systematic identification
of patients with prediabetes and their
referral to NDPPs at YMCAs (8). Such
population-level strategies will be re-
quired to expand the reach and uptake
of targeted NDPPs to address the global
epidemic of type 2 diabetes.
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