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BACKGROUND: Over one third of American adults are at
high risk for developing diabetes, which can be delayed or
prevented using interventions such as medical nutrition
therapy (MNT) or metformin. Physicians’ self-reported
rates of prediabetes treatment are improving, but pat-
terns of actual referral, prescription, and MNT visits are
unknown.
OBJECTIVE: To characterize treatment of prediabetes in
primary care.
DESIGN: We conducted a retrospective cohort study
using electronic health record data. We described
patterns of treatment and used multivariable logistic
regression to evaluate the association of patient fac-
tors and PCP-specific treatment rate with patient
treatment.
PATIENTS: We included overweight or obese outpatients
who had a first prediabetes-range hemoglobin A1c
(HbA1c) during 2011–2018 and had primary care provid-
er (PCP) follow-up within a year.
MAIN MEASURES: We collected patient characteristics
and the following treatments: metformin prescription; re-
ferral to MNT, diabetes education, endocrinology, or bar-
iatric medicine; andMNT visit. We did not capture within-
visit physician counseling.
KEY RESULTS: Of 16,713 outpatients with prediabetes,
20.4% received treatment, including metformin prescrip-
tions (7.8%) and MNT referrals (11.3%), but only 7.4% of
referred patients completed a MNT visit. The strongest
predictor of treatment was the patient’s PCP’s treatment
rate. Some PCPs never treated prediabetes, but two treat-
ed more than half of their patients; 62% had no patients
complete aMNT visit. Being younger or female and having
higher body mass index or HbA1c were also positively
associated with treatment. Compared to white patients,
black patients were more likely to receive MNT referral
and less likely to receive metformin.
CONCLUSIONS: Almost 80% of patients with new predia-
betes never received treatment, and those who did receive
referrals had very poor visit completion. Treatment rates
appear to reflect provider rather than patient preferences.
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INTRODUCTION

Over one third of American adults have prediabetes,1

which conveys high risk for progression to diabetes2,3

and increases all-cause mortality.4 Clinical guidelines rec-
ommend low-risk, low-cost interventions including medi-
cal nutrition therapy (MNT), exercise, and metformin in
order to delay or prevent progression to diabetes, but
clinical uptake is uncertain.5–7

Since 2014, the US Preventive Task Force (USPTF) has
recommended intervention for prediabetes, and longitudinal
measurement of MNT use is needed to estimate implementa-
tion.8,9 In a recent survey of physicians, 67% reported
recommending MNT to at least some patients,10 and national
visit-level data indicate that diet is discussed at less than a fifth of
visits and metformin is prescribed at less than 3%.11 Together,
these findings suggest that even providers who report treating
prediabetes do not do so consistently. Similarly, a longitudinal
examination of metformin for prediabetes found that although
90% of providers reported prescribing, only 10% of patients
received it.10 Longitudinalmeasures ofMNT referral are lacking.
Second, existing visit-level measures of diet intervention do

not discriminate between office-based counseling and MNT
referral. Office counseling should not replace MNT or the
multidisciplinary Diabetes Prevention Program (DPP). An
American Diabetes Association (ADA) Consensus Report
recommends that all overweight or obese patients with predi-
abetes be referred to intensive lifestyle intervention such as a
DPP or MNT with a nutritionist or registered dietitian.12

Finally, cross-sectional surveys cannot capture trends in pre-
diabetes treatment, identify treatment rates at the physician level,
or differentiate referrals from completed visits. To overcome
these limitations and present a better understanding of trends in
prediabetes treatment, we examined metformin prescriptions and
MNT referrals within a large health system from 2011 to 2018.
We aimed to describe treatment patterns and patient factors
associated with treatment and to understand the relationship
between referrals for MNT and completed visits.
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RESEARCH DESIGN AND METHODS

Study Population

This retrospective cohort study was approved by the Cleveland
Clinic Institutional ReviewBoard.We includedClevelandClinic
primary care patients with a newly identified prediabetes-range
(5.70–6.49%) hemoglobin A1c (HbA1c) recorded January 2011
throughDecember 2018, and a primary care provider (PCP) visit
within 12 months following the initial HbA1c.7 As the largest
provider of primary care in Northeast Ohio, the Cleveland Clinic
serves a representative subdivision of the general local patients
(Table S1). We excluded patients with type I or preexisting type
II diabetes (a diabetes diagnosis or diabetes-range (> 6.49%)
HbA1c prior to the first HbA1c), known prediabetes (diagnosis
preceding the first prediabetes-range HbA1c by > 1 year), or
confounding disease processes (e.g., gestational hyperglycemia
and steroid-related hyperglycemia). To limit our population to
patients for whom dietary intervention is indicated, we excluded
patients with a BMI < 25.5,12

The PCP field in our electronic health record (EHR) is
sometimes inaccurate or empty. We therefore assigned PCP
based on the plurality of primary care visits within the year
following the patient’s first prediabetes-range HbA1c, with
ties attributed to the PCP field. We excluded patients whose
PCP had < 30 patients in the sample in order to allow for
clustering by PCP in a multilevel model.

Variables

All data were extracted from the EHR and processed in the R
statistical software (Version 3.6.1) using R Studio.13,14 We
collected the following: demographics, body mass index
(BMI), current smoking status, prediabetes- and diabetes-
related diagnoses, and HbA1c. Because there was no numeric
code for prediabetes prior to international disease classifica-
tion (ICD)-10, we used diagnosis names entered into the EHR
during the period covered by ICD-9 (Supplement 2). Subse-
quently, we used the prediabetes code R73.03.
As HbA1c values increased, we reclassified patients as they

progressed to “prediabetes” and then “diabetes.” We did not
allow for regression of stages if subsequent HbA1c values
improved. We considered any of the following to indicate
progression to diabetes: HbA1c ≥ 6.5%,2 ICD code for diabe-
tes, or outpatient insulin prescription for > 28 days. We did not
use diagnosis of “prediabetes” or related ICD codes to define
progression to prediabetes, because use of these codes is
heterogeneous and most often not associated with a HbA1c.
Although glucose tolerance testing and fasting glucose can
identify prediabetes,15 fasting status and glucose tolerance test
context are not consistently identifiable in our EHR. There-
fore, we used only HbA1c results to identify prediabetes.

Outcome Measures

Our primary outcome was any attempt at treating prediabetes,
including a prescription for metformin or referral to any of the

following: MNT, diabetes education, endocrinology consulta-
tion, and bariatric medicine consultation.We consideredMNT
from 2 perspectives. Referrals represent the physician’s inten-
tion to treat, while visits identify actual treatment. We did not
collect information regarding office-based counseling because
such counseling is variably documented, and few physicians
have the time or expertise to counsel effectively, which is why
the ADA recommends that overweight or obese patients with
prediabetes receive referral to MNT or a DPP.12 Patients were
censored once they developed diabetes, so treatment begin-
ning after that point was not counted. Time to treatment was
the interval between the first PCP visit after prediabetes onset
and referral or prescription.

Statistical Analysis

We described the study population and treatment frequencies
as means with standard deviations for continuous variables
and proportions for categorical variables. We assessed differ-
ences between treatment groups using chi-square and
ANOVA. Unadjusted cumulative probabilities of treatment
were plotted over time since the first PCP visit after the initial
prediabetes-range HbA1c.
To compare PCP intervention rates, we modeled the inter-

vention probability of individual PCPs using a multilevel
model, and then standardized those probabilities to incorporate
the patient characteristics of each PCP’s panel, as described
below.We used fixed effects regression coefficients with 95%
confidence intervals to explore factors associated with
treatment.
For the multilevel logistic regression model, there were

fixed effects for patient demographic and clinical variables
and a random effect for PCP. For each patient, we input the
PCP identity and the patient’s demographic and clinical data to
back-predict treatment probability. Means and standard devi-
ations for patient panel treatment rates provided initial esti-
mates for PCP-specific intervention rates. We multiplied ini-
tial estimates by PCP panel standardization factors, which
were generated for each PCP by dividing the whole-group
mean treatment rate by PCP panel-specific mean treatment
probability, which we imputed using patient variables only in
a whole-sample logistic regression model. Because the effect
of patient variables was standardized across the sample, inter-
vention rate estimates should reflect only the PCP-related
propensity to treat, rather than patient panel characteristics.
Finally, PCP-specific panel-adjusted mean intervention rates
and 95% confidence intervals were compared against the
overall mean PCP intervention rate in order to identify high-
and low-intervening PCPs. We used the same approach to
compare use of MNT and metformin separately.
We regressed visit completion on patient factors as above,

using a subset of 878 patients who were referred to MNT and
whose PCP (n = 50) referred at least 10 patients to MNT, at
least one of whom completed a visit. PCP tertile for MNT visit
completion rate was included as a covariate in this model.
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Finally, to understand the contribution of each model factor
to predicting the outcome, we calculated the area under the
receiver operating characteristic (ROC) curve omitting one
predictor at a time. To limit the effect of possible overfitting,
we split the full cohort randomly into half training and half
testing datasets. The predictor that produced the largest reduc-
tion in the area under the curve was considered to offer the
greatest contribution to the decision to treat.16,17

RESULTS

Of 46,710 patients with a new prediabetes-range HbA1c dur-
ing the study period, 16,713 patients met criteria for inclusion
(Figure S1). Of these, 57% received a diagnostic code for
prediabetes, and 20.4% received any treatment modality, in-
cluding metformin prescription or referral to endocrinology,
bariatric care, diabetes education, or MNT over a follow-up
duration of up to 8 years; 5.8% were prescribed metformin
only, 9.3% received a MNT referral only, and 2.0% received
both. Incidence of treatment was highest at the initial PCP visit
following a prediabetes-range HbA1c, with 2.7% of patients
receiving an MNT referral and 2.8% receiving a metformin
prescription within 4 weeks (Fig. 1). After 1 year of follow-up,
4.5% of patients were prescribed metformin and 5.7% were
referred to MNT. Cumulative incidence of each treatment
increased over time. Of patients with the maximum follow-
up time of 8 years, over one quarter were treated, while 11.8%
progressed to diabetes.

Factors Associated with Treatment

Patients who received a prediabetes diagnostic code were
more likely to receive treatment than those who remained
undiagnosed (23.9% vs. 10.8%, p < 0.001). Other clinical
factors associated with MNT referral or metformin prescrip-
tion appear in Table 1. There was a steady increase in

diagnosis of new prediabetes from 42.2% in 2011 to 66.7%
in 2018; however, rates of all types of treatment and rates of
visit completion did not change during this period (Fig. 2).

There was little correlation between PCP prescribing of
metformin and MNT referral (r2 = .04), and no correlation
between a PCP’s MNT referral rate and the proportion of their
patients who completed a MNT visit (r2 < .0001) (Figure S2).
Therefore, we created separate multivariable models for each
treatment (i.e., MNT referral and metformin). In both models,
the strongest predictor of an individual receiving treatment
was their PCP’s overall treatment rate (Table S2). Female
sex, longer follow-up, younger age, higher initial HbA1c,
and higher BMI were also independently associated with
receiving treatment (Table 2). Black race was positively asso-
ciated with MNT referral and negatively associated with met-
formin prescription, while being a current smoker was nega-
tively associated with MNT referral.
Of 1881 (11.3%) patients who received MNT refer-

rals, 140 (7.4%) completed at least one visit. Thus, less
than 1% of patients with prediabetes visited a nutrition-
ist. MNT referral follow-through rates were lower than
follow-through rates for other referrals, including endo-
crinology (15.4% of 162 referrals), diabetes education
(24.4% of 193 referrals), and bariatric consultation
(24.6% of 544 referrals). In multivariable analysis,
PCP tertile for visit follow-through was again the stron-
gest predictor of completing a MNT visit. Younger age
and longer duration of prediabetes were also associated
with visit completion (Table 3).

PCP Prescribing Behavior

Among 245 PCPs, unadjusted treatment rates ranged from 0 to
58%, with only 2 PCPs treating at least half their patients. Two
physicians never treated prediabetes, 18 (7.3%) never pre-
scribed metformin, 15 (6.1%) never referred to MNT, and

Figure 1 Cumulative incidence of various treatment modalities in patients with prediabetes between the years 2011 and 2018.
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151 (62%) never had a patient complete a MNT visit. High
variability among PCPs was evident for each modality. For
overall treatment, 73 (30%) PCPs had intervention rates sig-
nificantly above and 104 (42%) significantly below the mean
(Fig. 3). There was even more variability in PCP rates of MNT
referral (Figure S3) and metformin prescription (Figure S4).

DISCUSSION

As an asymptomatic chronic disease, prediabetes is most
appropriately identified and treated in the primary care setting.
More than 15 years ago, the Diabetes Prevention Program
(DPP) study demonstrated that diabetes could be prevented
through diet and exercise or metformin. Nevertheless, we
found that fewer than 1 in 10 patients with prediabetes seen
in primary care received evidence-based treatment within
1 year of diagnosis.5 Although approximately 11% eventually

received a MNT referral, less than 1% of all patients ever
completed a visit. Over time, PCPs increasingly diagnosed
prediabetes, but this did not translate into increased treatment.
Most notable was the extreme variability in PCP intervention
rates, which ranged from 0 to 58%, and a patient’s probability
of being treated was most strongly associated with their choice
of physician. At the patient level, both metformin prescription
and MNT referral were associated with female sex, younger
age, and higher BMI. Compared to white patients, black
patients were more likely to receive a MNT referral and less
likely to be prescribed metformin.
Other sources confirm some of the demographic findings.

Pharmacy claims data indicate that obese patients are more
likely to receive metformin, while national survey results
demonstrate associations between younger age, higher BMI,
and black race with lifestyle intervention.11,18,19 The use of
specific treatments for different groups may reflect a combi-
nation of physician and patient preferences. Thus, the relative

Table 1 Treatment with Diet Referral and/or Metformin Prescription Within 1 Year from PCP Visit After Prediabetes Diagnosis During 2011–
2018

None Referral Metformin Both p

13,856 (82.9%) 1548 (9.3%) 976 (5.8%) 333 (2%)

Age (mean (SD)) 62.3 (12.8) 56.8 (12.1) 54.7 (12.1) 52.8 (11.4) < 0.001
Female (%) 7165 (51.7) 1017 (65.7) 609 (62.4) 238 (71.5) < 0.001
Race (%) < 0.001
White 11,022 (79.5) 1029 (66.5) 753 (77.2) 216 (64.9)
Black 2014 (14.5) 427 (27.6) 175 (17.9) 103 (30.9)
Other 820 (5.9) 92 (5.9) 48 (4.9) 14 (4.2)

BMI (mean (SD)) 32.8 (6.1) 36.2 (7.8) 35.9 (7.6) 39.2 (8.4) < 0.001
HbA1c (mean (SD)) 5.94 (0.19) 5.96 (0.19) 6.02 (0.21) 6.01 (0.21) < 0.001
Smoker (%) 1784 (12.9) 156 (10.1) 131 (13.4) 38 (11.4) 0.012
Prediabetes diagnosis (%) 9588 (69.2) 1310 (84.6) 818 (83.8) 303 (91.0) < 0.001
Follow-up time (years) 2.8 (2.1) 4.0 (2.3) 3.5 (2.2) 4.4 (2.2) < 0.001

BMI body mass index, HbA1c hemoglobin A1c

Figure 2 Trends in any treatment within 1 year of first visit after prediabetes onset (Ordered, nutrition referral placed or metformin
prescribed; Actual, nutrition visit completed or metformin prescribed; Metformin, metformin prescribed).
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undertreatment of black patients with metformin may be due
to real or perceived preferences for avoiding medication in the
context of asymptomatic disease.20,21 Reduced use of metfor-
min for older patients is supported by the DPP study, but lower
rates of MNT referral are not. Undertreatment may reflect a
shift in priorities away from long-term disease prevention in
older patients or recognition that Medicare does not cover
MNT for prediabetes.22 The strong association of metformin
prescription with HbA1c may reflect PCPs simply treating
higher prediabetes-range HbA1c as “almost diabetic.”
National data have demonstrated variability in prediabetes

treatment by region and institution.11 Our results indicate that
there is even more variability among physicians within a
single institution, something that appears not to have been
reported before. The wide variation in adjusted treatment rates
suggests that physicians are primarily responsible for the lack
of treatment. Indeed, some physicians did not treat prediabetes
at all, and only two physicians treated even half of their
patients. Potential explanations for these low rates include

limited PCP knowledge and PCP belief that prevention of
diabetes is hampered by patient lack of motivation and sys-
temic barriers.23 In addition, our system has no clinical deci-
sion support or quality metrics to promote prediabetes
treatment.
Schmittdiel et al. identified multiple system- and patient-

level interventions to improve diabetes prevention.24 For ex-
ample, information technology can facilitate annual HbA1c
ordering to monitor patients with prediabetes, and lifestyle
coaching can help patients lose weight.25,26 Indeed, the 2015
USPTF recommendations to screen 40–70-year-old patients
for abnormal glucose as part of the cardiovascular risk assess-
ment may have contributed to improvement in prediabetes
diagnosis9 as electronic reminders were added to prompt
screening for HbA1c. It is unclear why MNT referrals did
not increase as well, especially because surveys of physicians
reported increasing referrals to lifestyle change programs over
this time (11% in 20157 to 31% in 201710). In our system,
increases in diagnosis did not lead to more treatment, thus
systematizing HbA1c ordering to identify more patients with
prediabetes is unlikely to improve treatment rates. Instead,
effort should focus on prompting physician responses to
prediabetes-range HbA1c values and supporting patient fol-
low-through.
The poor follow-through on MNT referrals is particularly

concerning. Previous studies have not reported rates of visit
completion.11 Physicians appear to strongly influence visit
completion rates, perhaps by selecting appropriate patients,
facilitating appointments, or motivating patients to attend.
This finding warrants qualitative exploration to identify the
determinants of high completion rates.
This lack of follow-up also suggests a potential role for

improved insurance coverage, which PCPs have identified as
an obstacle to diabetes prevention.23,27 Medicare only com-
menced coverage for diabetes prevention programs in 2018,
and programs are still not widely available, including at our

Table 2 Patient and Physician Factors Associated with Nutrition Referral or Metformin Prescription in a Multivariable Model

Predictor Nutrition referral Metformin prescription

OR Lower Upper OR Lower Upper

(95% CI) (95% CI)

Age (decades) 0.75 0.72 0.79 0.62 0.59 0.66
Female 1.44 1.29 1.61 1.47 1.29 1.67
BMI (per 1 unit) 1.06 1.05 1.07 1.04 1.03 1.05
Race
Black 1.42 1.25 1.61 0.79 0.67 0.92
Other 1.02 0.81 1.28 0.71 0.53 0.94

Smoker 0.78 0.65 0.92 0.85 0.71 1.02
HbA1c (per 1.0%) 1.55 1.19 2.04 10.50 7.71 14.20
Years followed 1.22 1.19 1.25 1.16 1.13 1.19
PCP intervention rate*
High vs mean 1.91 1.68 2.18 2.62 2.26 3.04
Low vs mean 0.42 0.36 0.49 0.37 0.32 0.44

*PCP intervention rate is the classification of the patient panel-adjusted primary care provider probability of providing intervention as higher, the
same, or lower than the mean
BMI body mass index, HbA1c hemoglobin A1c

Table 3 Logistic Regression Model Using Patient and Primary Care
Provider Factors to Explain Which Patients with Prediabetes Are
Treated with a Dietitian Visit, Out of Patients Who Received

Nutrition Referral

Predictor OR Lower Upper

(95% CI)

Age (decades) 0.80 0.64 0.99
Female 1.36 0.81 2.36
BMI (per 1 unit) 0.99 0.96 1.02
Race
Black 0.88 0.52 1.46
Other 1.01 0.33 2.58

Smoker 0.96 0.35 2.23
HbA1c (per 1.0%) 1.26 0.36 4.30
Years followed 1.29 1.15 1.45
PCP treatment tertile
High vs middle 2.91 1.32 6.25
Low vs middle 0.45 0.27 0.77

BMI body mass index, HbA1c hemoglobin A1c
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institution.28 Most insurers, including Medicare, do not reim-
burse MNT visits until a patient has documented diabetes or
kidney disease, despite ample evidence of the clinical and
cost-effectiveness of MNT for prediabetes.12,27,29,30 Cost is-
sues cannot explain the low usage of metformin, which is
widely available as an inexpensive generic medication. More
work is needed to understand this dichotomy.
While changes to insurance coverage will take time, physi-

cian prescribing of metformin could be addressed immediate-
ly. The rarity of metformin treatment has been widely report-
ed, with rates ranging from < 1 to 10.3% in various patient
samples.10,11,18,19,31 Whether increases can best be achieved
through education, clinical decision support or quality mea-
sures are yet to be determined. As with all potential quality
measures, the goal should not be 100% attainment, to leave
room for patient autonomy.

Limitations

We did not capture referrals to DPPs because these services
are not available within our healthcare system. While the DPP
represents the best evidence-based care, it was not available in
almost three quarters of counties with the highest diabetes
prevalence in 2017, and efforts to improve use of existing
resources in the absence of the DPP remain important.28 We
did not capture exercise because exercise is not routinely
recorded in the EHR. We did not capture in-office counseling
by PCPs; however, this should not replace a visit with a
registered dietitian.12 We also did not capture income or
insurance, which may contribute meaningfully to a patient’s
probability of completing the MNT visit. We included only
referrals placed after identification of prediabetes and visits
completed after a referral was placed, so some events may
have been missed. Conversely, we captured all orders in the
specified time frame regardless of who placed them, so some

PCPs may have had treatments ordered by others attributed to
them. We expect any patient misattribution to bias PCP vari-
ability toward the null. Finally, our study was conducted in a
single large health system. Results may not be generalizable to
other systems.
Type 2 diabetes is a slowly developing, preventable disease,

yet more than 80% of overweight or obese patients with
prediabetes in this cohort never received evidence-based treat-
ment despite follow-up in primary care. Low rates of treatment
could be attributed to individual PCPs, who varied widely in
their propensity to treat and to get their patients to complete a
MNT visit. Qualitative study is required to identify why many
PCPs continue to prescribe metformin rarely and to under-
stand the poor patient follow-through with MNT referrals.
New quality measures might incentivize treatment for predia-
betes, and widespread reimbursement for MNT and
healthcare-initiated MNT coordination might improve visit
completion. In particular, the establishment of diabetes pre-
vention programs within Medicare-covered entities would
facilitate referral and enrollment of many patients with cur-
rently untreated prediabetes.
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Figure 3 Adjusted probability of intervening with any treatment by individual primary care provider. The blue line is the mean intervention
rate.
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