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BACKGROUND: The incidence of diabetes in the general
US population (6.7 per 1000 adults in 2018) has not
changed significantly since 2000, suggesting that individ-
ualswith prediabetes are not connecting to evidence-based
interventions.
OBJECTIVE: We sought to describe the clinical care of
individuals with prediabetes, determine patient factors
associated with this care, and evaluate risk for diabetes
development.
DESIGN: Retrospective cohort study using linked claims
and electronic health record data.
PARTICIPANTS: We created a cohort of adults with pre-
diabetes based on laboratory measures. We excluded
patients with a prior history of diabetes, pregnancy in
prior 6 months, or recent steroid use.
MAIN MEASURES: We measured ordering and comple-
tion of clinical services targeting prediabetesmanagement
and diabetes incidencewithin 12months following cohort
entry. We tested the strength of the association between
individuals’ characteristics and outcomes of interest us-
ing bivariate and multiple logistic regression.
RESULTS: Our cohort included 3888 patients with a
laboratory diagnosis of prediabetes (incident or preva-
lent prediabetes). Within 12 months, 63.4% had repeat
glycemic testing, yet only 10.4% had coded diagnoses of
prediabetes, 1.0% were referred for nutrition services,
and 5.4% were prescribed metformin. Most patients
completed labs and nutrition visits when referred and
filled metformin when prescribed. Individuals with a
higher glycemic level or BMI were more likely to receive
prediabetes clinical care. Six percent of individuals de-
veloped diabetes within 12 months of cohort entry and
had higher glycemic levels and BMI ≥ 30 kg/m2. In the
adjusted model, Black individuals had 1.4 times higher
odds of developing diabetes than White individuals.
CONCLUSIONS:Rates of prediabetes clinical care ac-
tivities are low and have not improved. Strategies
are urgently needed to improve prediabetes care
delivery thereby preventing or delaying incident
diabetes.
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INTRODUCTION

Prediabetes affects 88 million US adults.1 Despite
evidence-based treatments for diabetes prevention includ-
ing Diabetes Prevention Programs (DPP), the incidence of
diabetes has not decreased over time.1 Prior studies using
electronic health record (EHR) data have demonstrated
that primary care providers (PCPs) infrequently refer
patients to nutritionists, assign a diagnosis of prediabetes,
or prescribe metformin.2–4 Other studies have shown that
PCPs rarely refer patients to DPPs5–7 and that enrollment
and retention after referral is low.6 These findings suggest
the lack of progress in reducing the incidence of diabetes
may be partly explained by PCP’s treatment practices for
prediabetes and patients’ lack of engagement in diabetes
prevention efforts.
In 2021, the US Preventive Services Task Force

(USPSTF) updated recommendations around screening for
prediabetes and diabetes, highlighting important research
gaps including identifying factors associated with risk of
progression from prediabetes to diabetes.8 Therefore, with-
in our large health system with multiple primary care sites
and a diverse patient population, we sought to characterize
the clinical care activities of PCPs for patients with predi-
abetes to identify gaps and risk factors for progression to
inform an intervention to improve prediabetes care in the
primary care clinic setting.
We conducted a retrospective cohort study using linked

EHR and claims data. Our objectives were to (1) describe
the prediabetes clinical care activities ordered by PCPs and
their completion by patients, (2) determine what patient
factors are associated with this care, and (3) understand
the incidence of diabetes and whether PCP treatment prac-
tices and patient factors are associated with risk of progres-
sion to diabetes.
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METHODS

Data

We used a linked claims and EHR dataset. Claims from
patients with a Johns Hopkins Health Care insurance product
(excluding Tricare) and EHR data from Johns Hopkins Med-
icine are linked in a database, which contains data on outpa-
tient visits, referrals, outpatient prescription orders and fills,
inpatient hospitalizations, and laboratory orders/results. We
received a de-identified dataset that included any individual
with EHR data plus their associated claims data in a 5-year
window from February 2016 to February 2021.

Cohort

Using this linked dataset, we created a cohort of patients aged
≥ 18 years who had at least two outpatient primary care
encounters and were covered under one of 3 insurance plans
(Employee Health Program, Priority Partners Medicaid Man-
aged Care Organization, andMedicare/AdvantageMD) at any
time during the study period. Due to a lack of insurance plan
enrollment data, we required patients to have at least one claim
in the 12 months prior to and in the 12 months after cohort
entry. The cohort entry date was defined as the date with a
laboratory measure indicating prediabetes [hemoglobin A1c
(HbA1c) 5.7 to 6.4% or fasting glucose 100 to 125 mg/dL].
Since fasting status is not documented in our EHR, we includ-
ed only glucose measurements or panels with glucose meas-
urements drawn between 6 a.m. and 10 a.m. based on our prior
study.9 We categorized patients as having incident prediabetes
(normal lab followed by an abnormal lab in the prediabetes
range) or prevalent prediabetes (abnormal lab in prediabetes
range with no prior normal lab).
We excluded patients with any prior diagnosis of diabetes

based on the SUPREME-DM definition,10 pregnancy in prior
6 months,11 or recent steroid use in prior 30 days (Fig. 1,
Appendix 2). Each patient was attributed to a primary care
clinic based on where their first primary care encounter oc-
curred after cohort entry or their last encounter within 12
months prior to cohort entry if no primary care encounter
occurred after cohort entry.

Characterizing the Cohort

We extracted demographic information (age, sex, race, insur-
er) at cohort entry from EHR data (Fig. 1). We used weight,
body mass index (BMI), and blood pressure (BP) measure-
ments collected at a PCP clinic encounter within 180 days
before or 180 days after cohort entry. We assessed baseline
conditions, specifically hypertension and chronic kidney dis-
ease, based on the Chronic Conditions DataWarehouse.12 We
also assessed for history of gestational diabetes13 and calcu-
lated the Elixhauser comorbidity index14 using all available
claims data before cohort entry. We defined baseline care
utilization by summing the number of outpatient visits and

inpatient hospitalizations that occurred in the 12 months prior
to cohort entry and categorized it into quartiles.

Outcomes

Our primary and secondary outcomes were prediabetes
clinical care activities and the factors associated with them.
We separated prediabetes clinical care activities into PCP
practices and patient behaviors. Using EHR data, we exam-
ined PCP visits, PCP visits coded with a diagnosis of
prediabetes based on ICD-10 codes (Appendix 2), glycemic
test orders and results, nutrition referral and visits, and
metformin prescription. Additionally, we looked at nutri-
tion visits using claims data to confirm findings from EHR
data. We quantified metformin fills using claims data. Our
tertiary outcome was development of diabetes based on the
SUPREME-DM definition: ≥ 1 inpatient ICD code for
diabetes or ≥ 2 of the following (outpatient ICD code for
diabetes, labs in diabetes range, or diabetes medication
fill)10 (Appendix 2). If a patient met diabetes criteria based
on ≥ 1 inpatient ICD code, we took the date of this criterion
as the index date of diabetes. If a patient met diabetes
criteria based on ≥ 2 required criteria (outpatient code, labs,
or medications), we took the later date of the two criteria as
the index date of diabetes.

Statistical Analysis

For our primary objective, we used descriptive statistics to
characterize the patients at cohort entry. We then tabulated
the occurrence of each of the specific prediabetes clinical
care activities within 3, 6, and 12 months following cohort
entry (dichotomized as any or none). We tested the
strength of the association between each baseline charac-
teristic and each outcome of interest using bivariate logis-
tic regression.
For our secondary objective, we used multiple logistic

regression models to determine the strengths of the inde-
pendent associations of our hypothesized predictors of pre-
diabetes care and the outcomes of interest; these were age,
sex, baseline BMI, race (Black, White, Asian, and other),
and care utilization before cohort entry. We included clinic
as a fixed effect in the model. We tested model fit using
Laplace estimation.
For our tertiary objective, we used descriptive statistics

to characterize the patients who developed diabetes with-
in 3, 6, and 12 months following cohort entry. We tested
the strengths of the association between baseline charac-
teristics and the outcomes of interest using bivariate lo-
gistic regression. We evaluated independent predictors of
diabetes using multiple logistic regression with clinic as a
fixed effect. We tested model fit using Laplace estima-
tion. This study was approved by the Johns Hopkins
Institutional Review Board. All analyses were conducted
using SAS 9.4.
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RESULTS

Our cohort included 3888 patients with a laboratory diag-
nosis of prediabetes from 37 primary care clinics. At cohort
entry, one-quarter of the patients had incident prediabetes
and the rest had prevalent prediabetes. Mean age was 63
years (Table 1). The majority of patients were female
(65.4%) and White (55.0%) or Black (34.5%); few were
of Hispanic ethnicity (3.0%). Patients were most commonly
insured by Medicare (7.1% managed care, 43.1% fee-for-
service), commercial insurance (23.2%), and Medicaid
(12.1% managed care, 0.5% fee-for-service). Mean BMI
at baseline was 30.0 kg/m2 with over 40% of patients with
BMI ≥ 30 kg/m2. Nearly half of the patients had a HbA1c of
6–6.4% and 15% had a glucose of 110–125 mg/dL.

Prediabetes Clinical Care Activities: PCP
Practices

Among patients with at least one PCP visit after cohort entry,
only 13.0% of these visits were coded with an ICD-10 diag-
nosis of prediabetes (Table 2). PCPs ordered follow-up glyce-
mic testing for 63.4% of patients (28.1%metabolic panel only,
12.3% A1c only, and 59.5% with both tests). PCPs referred
1.0% of patients to a nutritionist and prescribed metformin for
5.4% of patients.

Prediabetes Clinical Care Activities: Patient
Behaviors

Within 12 months of cohort entry, nearly 80% of patients had
at least one PCP visit (Table 2). Although only half of the

patients overall completed a glycemic test, of the 63.4% of
patients who had an order, 79.2% completed it. Nutrition visits
were uncommon with 1.0% of patients in the cohort having a
visit within 12 months of diagnosis. Of the 1.0% of patients
who were referred to nutrition, 75.7% attended a visit. Among
the 5.4% of patients with a metformin prescription, 76.3%
filled it.

Factors Associated with Prediabetes Clinical
Care Activities

In bivariate analyses, patients with Asian race or BMI
categories ≥ 25 kg/m2 were more likely to have prediabetes
coded at a PCP visit compared to White race and BMI < 25
kg/m2, respectively (Table 3). Older age (age 45+ years),
Medicare insurance, and higher baseline glycemic level
were associated with higher rates of glycemic testing com-
pletion compared to age 18–26 years, commercial insur-
ance, and lower baseline glycemic level, respectively. Met-
formin prescription was more common among Blacks,
Asians, and other/multiracial patients; higher baseline gly-
cemic level; and BMI ≥ 25 kg/m2 compared to Whites,
lower baseline glycemic level, and BMI < 25 kg/m2, re-
spectively. Nutrition visits were higher among Blacks and
those with BMI ≥ 40 kg/m2 compared to Whites and BMI <
25 kg/m2, respectively.
In the multiple logistic regression model, independent pre-

dictors of a coded prediabetes diagnosis within 12 months
included male sex, Asian race, and higher BMI (Appendix
Tables S1 and S2). Independent predictors of glycemic lab test

Figure 1 Cohort entry date and assessment windows for exclusion/inclusion, covariates, and outcomes.
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order and completion included older age. Less prior care
utilization (quartile 1 vs. 4) and commercial insurance (vs.
other insurance) were also significantly associated with glyce-
mic lab test completion (Appendix Tables S1 and S2). For
metformin prescription, independent predictors included older
age, male sex, higher BMI, and less prior care utilization
(quartile 1 vs. 2) (Appendix Tables S1 and S2). Asian race
and Black race were associated with metformin prescription
only among those with a lower baseline glycemic level. Inde-
pendent predictors of metformin fill included higher BMI.
Among patients with a higher baseline glycemic level, Medi-
care insurance was associated with lower odds of metformin
prescription and fill. Asian race was a significant predictor of

metformin fill in the lower baseline glycemic level group
(Appendix Tables S1 and S2).

Incident Diabetes and Factors Associated with
Development of Diabetes Within 12 Months

Six percent of patients with prediabetes (n = 249) developed
incident diabetes within 12 months of cohort entry (3.5% of
patients with incident prediabetes, 7.4% of patients with prev-
alent prediabetes). Patients who developed diabetes weremore
likely to have a higher glycemic level, BMI ≥ 30 kg/m2, and
Black race at cohort entry compared to lower glycemic level,
BMI < 25 kg/m2, andWhite race, respectively (Table 4). In the
adjusted model, Black individuals were 1.4 times more likely
to develop diabetes compared to White individuals (Table 5).
Patients who developed diabetes were more likely to have
completed a PCP visit, glycemic testing, or a nutrition visit
in the 12 months after cohort entry compared to those who did
not develop diabetes (Appendix Table S3).

Table 1 Baseline Characteristics of Cohort with Prediabetes (n = 3888)

Mean (SD) orn(%)

Age (years) 62.7 (14.6)
18–26 years 57 (1.5)
27–44 years 465 (12.0)
45–64 years 1253 (32.2)
65–74 years 1349 (34.7)
75+ years 764 (19.7)
Female sex 2544 (65.4)
Race
White 2140 (55.0)
Black 1341 (34.5)
Asian 156 (4.0)
Other/multiracial 218 (5.6)
Unknown 33 (0.9)
Hispanic ethnicity 117 (3.0)
Insurance plan
Commercial 901 (23.2)
Medicare 1950 (50.2)
Medicaid 491 (12.6)
Other* 546 (14.0)
BMI (kg/m2)† 30.0 (7.6)
BMI (kg/m2)
< 25 778 (25.9)
25–29 959 (31.9)
30–34 629 (21.0)
35–39 324 (10.8)
≥ 40 313 (10.4)
Fasting plasma glucose (mg/dL) 98.4 (11.3)
Fasting plasma glucose 100–109 mg/dL 850 (84.8)
Fasting plasma glucose 110–125 mg/dL 153 (15.3)
HbA1c, % 6.0 (0.2)
HbA1c 5.7–5.9% 1860 (53.2)
HbA1c 6–6.4% 1639 (46.8)
Systolic blood pressure (mmHg)‡ 126.3 (16.8)
Diastolic blood pressure 74.9 (10.8)
Elixhauser comorbidity count
0 3389 (87.2)
1 88 (2.3)
≥ 2 411 (10.6)
Hypertension§ 563 (21.0)
Chronic kidney disease§ 136 (5.1)
History of gestational diabetes 3 (0.0)

BMI body mass index, HbA1c hemoglobin A1c
*Other includes bundled rate, executive health, special billing, self-pay,
and workers’ compensation. Given that patients may have changed
insurance plans during the study period, their insurer at cohort entry
could be a plan other than one of the three Johns Hopkins insurance
products or they could be uninsured
†BMI measured within a 180-day window of cohort entry. If multiple
readings on same day, last reading was used. n = 3003
‡BP measured within a 180-day window of cohort entry. If multiple
readings on same day, last reading was used. n = 3025
§Based on CMS Chronic Condition Warehouse Algorithm for hyperten-
sion and chronic kidney disease

Table 2 Percentage of 3888 Patients with Prediabetes with Clinical
Care Activities Within 12 Months of Cohort Entry*

Outcome Within 3
months,n
(%)

Within 6
months,n
(%)

Within 12
months,n
(%)

PCP practices
≥ 1 PCP visit coded
with ICD diagnosis of
prediabetes

147 (3.8) 262 (6.7) 405 (10.4)

≥ 1 visit coded with ICD
diagnosis of prediabetes
among those with ≥ 1
PCP visit

147 (8.5) 262 (10.5) 405 (13.0)

≥ 1 glycemic test
ordered

797 (20.5) 1578 (40.6) 2463 (63.4)

≥ 1 referral to nutrition† 8 (0.2) 19 (0.5) 37 (1.0)
≥ 1 metformin
prescription†‡

77 (2.0) 126 (3.2) 211 (5.4)

Patient behaviors
≥ 1 PCP visit 1739 (44.7) 2493 (64.1) 3105 (79.9)
≥ 1 glycemic test
completed†

447 (11.5) 1091 (28.1) 1957 (50.3)

≥ 1 glycemic test
completed among those
with test ordered

438 (55.0) 1080 (68.4) 1950 (79.2)

≥ 1 nutrition visit
completed§

15 (0.4) 25 (0.6) 39 (1.0)

≥ 1 nutrition visit
completed (claims)*

16 (0.4) 27 (0.7) 41 (1.1)

≥ 1 nutrition visit
completed among those
with referral placed

4 (50.0) 13 (68.4) 28 (75.7)

≥ 1 metformin fill
(claims)*

121 (3.1) 148 (3.8) 189 (4.9)

≥ 1 metformin fill
(claims)* among those
with prescription

55 (71.4) 89 (70.6) 161 (76.3)

*EHR data used unless otherwise noted. n refers to the number of
unique individuals who had at least one occurrence of each activity
†American Medical Association proposed quality measures for predi-
abetes (2019)
‡Some portion of these patients may have been started on metformin for
diabetes prevention or once they developed diabetes
§More patients had a nutrition visit than had a referral since a referral
is not required by all insurances

4115Tseng et al.: Clinical Care of Individuals with PrediabetesJGIM



DISCUSSION

Among patients with prediabetes receiving care in one large
health system, we found that few patients had coded diagnoses
of prediabetes, were referred to a nutritionist, or were pre-
scribed metformin in the 12 months after cohort entry. In
contrast, most patients completed labs and nutrition visits
when referred and filled metformin when prescribed. Patients
with higher glycemic levels or higher BMIs were more likely
to receive these prediabetes clinical care activities although the
proportion was low. These higher-risk patients were also more
likely to develop diabetes within 12 months. Patients who
developed diabetes were more likely to have had a PCP visit,
completed glycemic testing, and/or attended a nutrition visit
within 12 months after cohort entry, and we suspect the more
frequent visits and testing provided more opportunity for
patients to be diagnosed with diabetes. The higher rates of
prediabetes clinical care activities may also reflect PCPs’
concern about their risk of progression to diabetes and there-
fore these activities were more likely to occur. The association
between prediabetes clinical care activities and development
of diabetes does not imply causality, and distinguishing the
timing of these activities relative to the diabetes diagnosis is
not straightforward as many of these activities occur both
before and after diagnosis.

Our results are consistent with prior studies using claims
and/or EHR data, 2–4 but add to current literature by examining
risk factors for diabetes progression, a gap highlighted by the
USPTF’s recent guidelines.8 In a Cleveland Clinic study using
EHR data, among 16,713 patients with prediabetes, 5.4%
received a metformin prescription and 5.7% received nutrition
referrals during 1 year of follow-up.4 Higher BMI and higher
HbA1c were both associated positively with treatment, similar
to our findings. Although our rates of nutrition referrals were
lower, these authors also found that Blacks weremore likely to
be referred to nutrition compared to Whites. Many patients in
our cohort were insured by Medicare fee-for-service, which
covers medical nutrition therapy only for people with diabetes
and renal disease15 and may explain low rates of nutrition
referral. Insurance was not described in the study of Cleveland
Clinic patients. In an older Kaiser Permanente study using
EHR data, the authors found that in the 6 months after diag-
nosis of prediabetes, 18% had repeat glycemic testing done
and < 0.1% initiated metformin, rates much lower than ours.2

There are several limitations to note. Our data is from a
single health system. The 5-year study period overlapped with
the COVID-19 pandemic, and therefore, lab completion rates
may have declined. However, telemedicine visits were includ-
ed in our outcome of PCP visits. Glycemic testing included

Table 3 Association of Baseline Characteristics with Outcomes at 12 Months (n = 3888)

Eligible
patients
n

ICD diagnosis of
prediabetes at PCP visit
n(%)

Glycemic test
completed
n(%)

Metformin
prescription
n(%)

Nutrition visit
completed
n(%)

Sex
Female (ref) 2544 250 (9.8) 1269 (49.9) 128 (5.0) 27 (1.1)
Male 1344 155 (11.5) 688 (51.2) 83 (6.2) 12 (0.9)
Age
18–26 years (ref) 57 7 (12.3) 14 (24.6) 1 (1.8) 0
27–44 years 465 49 (10.5) 170 (36.6) 19 (4.1) 3 (0.7)
45–64 years 1253 127 (10.1) 631 (50.4)* 71 (5.7) 15 (1.2)
65–74 years 1349 140 (10.4) 744 (55.2)* 78 (5.8) 16 (1.2)
75+ years 764 82 (10.7) 398 (52.1)* 42 (5.5) 5 (0.7)
Race
White (ref) 2140 208 (9.7) 1057 (49.4) 91 (4.3) 15 (0.7)
Black 1341 146 (10.9) 686 (51.2) 89 (6.6)* 23 (1.7)*
Asian 156 25 (16.0)* 86 (55.1) 12 (7.7)* 1 (0.7)
Other/multiracial 218 25 (11.5) 111 (50.9) 16 (7.3)* 0
Unknown 33 1 (3.0) 17 (51.5) 3 (9.1) 0
Hispanic ethnicity (ref) 117 6 (5.1.) 62 (53.0) 9 (7.7) 0
Not Hispanic or unknown 3771 399 (10.6) 1895 (50.3) 202 (5.4) 39 (1.0)
Insurance
Commercial (ref) 901 94 (10.4) 432 (48.0) 58 (6.4) 6 (0.7)
Medicare 1950 201 (10.3) 1055 (54.1)* 112 (5.7) 21 (1.1)
Medicaid 491 50 (10.2) 225 (45.8) 14 (2.9)* 6 (1.2)
Other 546 60 (11.0) 245 (44.9) 27 (5.0) 6 (1.1)
HbA1c 5.7–5.9% or FPG 100–
109 mg/dL (ref)

2109 214 (10.2) 927 (44.0) 97 (4.6) 16 (0.8)

HbA1c 6.0–6.4% or FPG 110–
125 mg/dL

1779 191 (10.8) 1030 (57.9)* 114 (6.4)* 23 (1.3)

BMI (kg/m2)
< 25 (ref) 778 52 (6.7) 400 (52.7) 20 (2.6) 5 (0.6)
25–29 959 114 (11.9)* 502 (52.4) 42 (4.4)* 6 (0.6)
30–34 629 98 (15.6)* 313 (49.8) 43 (6.8)* 8 (1.3)
35–39 324 57 (17.6)* 176 (54.3) 37 (11.4)* 3 (0.9)
≥ 40 313 58 (18.5)* 165 (52.7) 45 (14.4)* 10 (3.2)*

BMI body mass index, FPG fasting plasma glucose, HbA1c hemoglobin A1c
*p < 0.05 generated from logistic regression analysis comparing to reference group
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serum glucose drawn as part of a panel which may not have
been ordered to check a fasting glucose and therefore may
overestimate the prevalence of follow-up testing. We did not
have insurance enrollment dates, and therefore, wewouldmiss
claims if patients switched insurance plans, away from a
JHHC product, after cohort entry; for this reason, we set an
inclusion criterion that patients must have at least one claim in
the 12 months after cohort entry. We included both prevalent

and incident prediabetes in our cohort, and baseline character-
istics were similar in both groups (Appendix Table S4). Al-
though we included clinic as a fixed effect to control for clinic
differences, we did not examine other clinic-level predictors.
Finally, a DPP at our institution exists; however, an EHR
referral order was not implemented until 2020, and the pro-
gram has had limited capacity to enroll patients. Therefore, we
could not examine its use among our outcomes.

Table 4 Association of Baseline Characteristics with Incident Diabetes Within 3, 6, and 12 Months

Eligible patients
n

Incident diabetes
within 3 months,
n(%)

Incident diabetes
within 6 months,
n(%)

Incident diabetes
within 12 months,
n(%)

Sex
Female (ref) 2544 31 (1.2) 62 (2.4) 156 (6.1)
Male 1344 16 (1.2) 40 (3.0) 93 (6.9)
Age
18–26 years (ref) 57 0 1 (1.8) 2 (3.5)
27–44 years 465 5 (1.1) 12 (2.6) 26 (5.6)
45–64 years 1253 14 (1.1) 34 (2.7) 77 (6.2)
65–74 years 1349 22 (1.6) 37 (2.8) 99 (7.3)
75+ years 764 6 (0.8) 18 (2.4) 45 (5.9)
Race
White (ref) 2140 22 (1.0) 42 (2.0) 118 (5.5)
Black 1341 21 (1.6) 47 (3.5)* 110 (8.2)*
Asian 156 1 (0.6) 5 (3.3) 9 (5.8)
Other/multiracial 218 3 (1.4) 8 (3.7) 12 (5.5)
Unknown 33 0 0 0
Hispanic ethnicity (ref) 117 1 (0.9) 4 (3.4) 8 (6.8)
Not Hispanic or unknown 3771 46 (1.2) 98 (2.6) 241 (6.4)
Insurance
Commercial (ref) 901 13 (1.4) 24 (2.8) 54 (6.0)
Medicare 1950 28 (1.4) 57 (3.0) 136 (7.0)
Medicaid 491 2 (0.4) 8 (1.8) 28 (5.7)
Other 546 4 (0.7) 5 (1.9) 31 (5.7)
HbA1c 5.7–5.9% or FPG 100–109 mg/dL (ref) 2109 21 (1.0) 44 (2.1) 95 (4.5)
HbA1c 6.0–6.4% or FPG 110–125 mg/dL 1779 26 (1.5) 58 (3.3)* 154 (8.7)*
BMI (kg/m2)
< 25 (ref) 778 3 (0.4) 10 (1.3) 34 (4.4)
25–29 959 12 (1.3) 18 (1.9) 52 (5.4)
30–34 629 11 (1.8)* 28 (4.5)* 54 (8.6)*
35–39 324 4 (1.2) 13 (4.0)* 31 (9.6)*
≥ 40 313 11 (3.5)* 21 (6.7)* 41 (13.1)*

BMI body mass index, FPG fasting plasma glucose, HbA1c hemoglobin A1c
*p < 0.05 generated from logistic regression analysis comparing to reference group

Table 5 Predictors of Development of Diabetes Within 12 Months in a Multiple Logistic Regression Model Stratified by Baseline Glycemic
Level

Variable Baseline HbA1c 6.0–6.4%
or FPG 110–125 mg/dL

Baseline HbA1c 5.7–5.9%
or FPG 100–109 mg/dL

All baseline HbA1c
and glucose levels

Odds ratio (95% CI)

Age 1.00 (0.98–1.02) 0.98 (0.96–0.99) p=0.03 0.99 (0.98–1.01)
Female vs. male 0.74 (0.49–1.13) 0.86 (0.51–1.45) 0.79 (0.57–1.09)
Asian vs. White 1.27 (0.43–3.78) 2.34 (0.77–7.09) 1.73 (0.80–3.76)
Black vs. White 1.55 (0.99–2.43) 1.26 (0.75–2.15) 1.44 (1.02–2.04) p=0.04
Other vs. White 0.60 (0.18–2.01) 1.20 (0.41–3.50) 0.83 (0.38–1.85)
BMI (per 1 kg/m2) 1.04 (1.02–1.07) p<0.001 1.05 (1.02–1.08) p<0.001 1.05 (1.03–1.06) p<0.001
Care utilization prior to CED†

Quartile 2 vs. 1 0.55 (0.32–0.97) p=0.04 0.67 (0.34–1.32) 0.57 (0.37–0.88) p=0.01
Quartile 3 vs. 1 0.70 (0.41–1.20) 1.10 (0.59–2.06) 0.82 (0.55–1.23)
Quartile 4 vs. 1 0.65 (0.38–1.13) 0.51 (0.25–1.04) 0.55 (0.36–0.85) p=0.006
Medicare vs. commercial 0.91 (0.50–1.67) 2.02 (0.97–4.19) 1.33 (0.83–2.11)
Medicaid vs. commercial 0.90 (0.41–1.95) 0.78 (0.31–1.97) 0.86 (0.48–1.54)
Other vs. commercial 0.62 (0.28–1.37) 1.49 (0.62–3.57) 0.91 (0.51–1.63)

BMI body mass index, CED cohort entry date, FPG fasting plasma glucose, HbA1c hemoglobin A1c
*Fixed-effects model with clinic as a fixed effect. Displayed variables were included in the model together
†Care utilization defined as sum of hospitalizations and outpatient visits in 12 months prior to CED
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Compared to prior studies, strengths of our study include
newer data (2016–2021) and use of both EHR and claims data
to evaluate PCP practices and patient behaviors. Claims data
allowed us to examine care delivered outside the health sys-
tem. We looked at insurance type at baseline to see if predia-
betes clinical care activities differed, which prior studies did
not. We examined the development of diabetes which adds to
the current limited data on risk of progression to diabetes
among different racial/ethnic groups in the USA.16,17 Al-
though prediabetes prevalence does not vary by race/ethnicity,
national estimates show that the incidence of newly diagnosed
diabetes is higher among Hispanics (9.0%), non-Hispanic
Blacks (7.9%), and non-Hispanic Asians (7.2%) compared to
non-HispanicWhites (5.4%).1 National estimates also indicate
that only 15.3% of adults with prediabetes report being told by
a health professional that they had this condition with rates
lowest among Hispanics (10.8%) and Asians (9.8%)1 suggest-
ing that the underdiagnosis of prediabetes may help explain
disproportionate rates of diabetes among racial/ethnic groups.
In our study, we found that Black patients were 1.4 times more
likely to develop diabetes compared to their White counter-
parts. In exploratory analyses (data not shown), we found that
completion of glycemic testing and nutrition visits attenuated
the relationship between race and the development of diabetes,
suggesting the need for additional studies to understand if
directing clinical services to higher-risk groups reduces the
disproportionate rates of diabetes among races.
A number of studies have shown the benefits of clinical

decision support tools in increasing DPP referrals.21–23 Future
research is needed to understand whether other EHR clinical
decision support tools can help improve prediabetes clinical
care. PCP awareness of prediabetes screening is high,18 but
knowledge about specific guideline recommendations is inad-
equate,19,20 and clinical decision support tools may help fill this
gap. These tools could include streamlining orders (e.g., labs,
metformin) and referrals (e.g., DPPs), and ensuring that the
diagnosis is documented. A closed-loop referral system in the
EHR is important for providing feedback to PCPs after a
referral is placed to internal departments like nutrition or exter-
nal community-based services like DPPs. Although we were
unable to look at the outcome of DPP referrals, DPP enrollment
and retention are a challenge highlighted in prior studies.24,25

Therefore, a closed-loop system with bi-directional communi-
cation between PCPs and clinical services may help to address
possible barriers to patients attending nutrition appointments or
DPP sessions which may not otherwise get communicated to
PCPs. Finally, a prediabetes registry would allow a practice or
health system to monitor the prevalence of prediabetes, uptake
of evidence-based prediabetes clinical care activities, and im-
pact of treatment on the development of diabetes among their
patients with prediabetes.
Performance measures around prediabetes management

may also improve practices around diagnosis, DPP and nutri-
tion referrals, and metformin prescription. In our study, we
found that few patients had a ICD-10 diagnosis of prediabetes

coded, were referred to a nutrition visit, or were prescribed
metformin in the 12 months following cohort entry, which are
all quality measures for prediabetes proposed by the American
Medical Association in 2019.26 Some studies among people
with diabetes have demonstrated a positive effect of perfor-
mance measurement on quality indicators and diabetes care.27

In conclusion, our study demonstrates that 6% of individu-
als with prediabetes develop diabetes within 1 year of follow-
up. Despite this, rates of prediabetes clinical care activities
remain low, suggesting little has changed in practices around
diabetes prevention. We found that certain patient factors are
associated with prediabetes clinical care activities and diabetes
incidence. Strategies to improve prediabetes diagnosis, DPP
and nutrition referrals, and metformin prescribing are urgently
needed to improve prediabetes care delivery with the goal of
preventing or delaying incident diabetes.
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