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ABSTRACT

BACKGROUND: Clinical trials indicate continuous glu-
cose monitor (CGM) use may benefit adults with type
2 diabetes, but CGM rates and correlates in real-world
care settings are unknown.

OBJECTIVE: We sought to ascertain prevalence and
correlates of CGM use and to examine rates of new
CGM prescriptions across clinic types and medication
regimens.

DESIGN: Retrospective cohort using electronic health
records in a large academic medical center in the South-
eastern US.

PARTICIPANTS: Adults with type 2 diabetes and a pri-
mary care or endocrinology visit during 2021.

MAIN MEASURES: Age, gender, race, ethnicity, insur-
ance, clinic type, insulin regimen, hemoglobin Alc val-
ues, CGM prescriptions, and prescribing clinic type.
KEY RESULTS: Among 30,585 adults with type 2 dia-
betes, 13% had used a CGM. CGM users were younger
and more had private health insurance (p<.05) as com-
pared to non-users; 72% of CGM users had an intensive
insulin regimen, but 12% were not taking insulin. CGM
users had higher hemoglobin Alc values (both most
recent and most proximal to the first CGM prescription)
than non-users. CGM users were more likely to receive
endocrinology care than non-users, but 23% had only
primary care visits in 2021. For each month in 2021, a
mean of 90.5 (SD 12.5) people started using CGM. From
2020 to 2021, monthly rates of CGM prescriptions to
new users grew 36% overall, but 125% in primary care.
Most starting CGM in endocrinology had an intensive
insulin regimen (82% vs. 49% starting in primary care),
whereas 28% starting CGM in primary care were not
using insulin (vs. 5% in endocrinology).
CONCLUSION: CGM uptake for type 2 diabetes is
increasing rapidly, with most growth in primary care.
These trends present opportunities for healthcare
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system adaptations to support CGM use and related
workflows in primary care to support growth in uptake.
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INTRODUCTION

Diabetes persists as a major healthcare issue in the United
States and worldwide with increasing incidence, manage-
ment cost, and societal impact.l’2 Diabetes is associated with
decreased lifespan and accounts for 1 in every 4 US health-
care dollars.! Costs are expected to increase as incidence
and prevalence continue to rise."> About 1 in 10 Americans
have diabetes and approximately 90-95% have type 2 dia-
betes.* Despite improvements in medications used to treat
diabetes, data from 1999 to 2018 show fewer people with
type 2 diabetes meeting glycemic or blood pressure targets
over time.” The most recent data indicate fewer than half are
meeting these targets.’ Furthermore, diabetes is associated
with a lower quality of life and the prevalence of elevated
diabetes-related distress is estimated at 36%.°

A continuous glucose monitor (CGM) is a wearable
medical device that measures real-time glucose levels in
subcutaneous interstitial fluid. A CGM can provide data on
glucose values that can be viewed easily, tracked over time,
and virtually monitored to promote behavior change, avoid
hyperglycemia and hypoglycemia, and inform dosing for
prandial insulin.” CGM is already an established standard
of care for type 1 diabetes'®!! and is used by approximately
40-50% of people with type 1 diabetes.'? For people with
type 2 diabetes, several recent studies indicate CGM use
can aid with lowering hemoglobin Alc, improving quality
of life, and maintaining longer time in range.”*!>~!° Recent
randomized controlled trials on CGM efficacy in type 2 dia-
betes have expanded our understanding of who might ben-
efit to include people in primary care settings and with less
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intensive medication regimens.'*™'® Accumulating evidence
supporting CGM use in type 2 diabetes has driven calls to
revise insurance policies and care standards to improve
access and outcomes.'?® Alongside the conduct of trials to
determine the benefits of using a CGM in type 2 diabetes—
and for whom and in what care settings—a confluence of
factors have increased the uptake of CGM among people
with type 2 diabetes, including CGM accessibility, improved
CGM technology, availability of remote support for CGM
use from commercial companies, and healthcare provider
awareness of benefits.32° However, there are no studies on
the rates of CGM uptake and use among people with type 2
diabetes in real-world care settings.

Most persons with type 2 diabetes receive care for their
diabetes through primary care'>2!?? rather than endocrinol-
ogy clinics, where CGM support and expertise have histori-
cally been housed. Barriers to CGM adoption noted in the
literature include the lack of widespread adoption of CGM
prescription in primary care compared to endocrinology
practices.!>?1'>3 Lack of access to endocrinologists due to
distance and cost along with an overwhelming tendency
for primary care management of type 2 diabetes highlights
a need to enhance and support CGM uptake in primary
care.'>!5 Therefore, we sought to characterize CGM users
versus non-users and elucidate rates and trends in rates of
new CGM prescriptions among adults with type 2 diabetes
in a large academic medical center in the Southeastern US.

METHODS

This study was approved by the Vanderbilt University Insti-
tutional Review Board (IRB #220962). We used a retrospec-
tive cohort observational design. First, we identified a cohort
of adults with type 2 diabetes who received outpatient diabe-
tes care at Vanderbilt University Medical Center (VUMC), a
large academic medical center in middle Tennessee, during
the 2021 calendar year (Jan. 1 to Dec. 31, 2021). All data
were extracted using SQL queries from the Epic Clarity data-
base, a data warehouse that is updated nightly from the Epic
electronic health record (EHR). The cohort includes adults
(age > 18) diagnosed with type 2 diabetes (i.e., E11.* ICD-
10 code as an active problem or visit diagnosis) with at least
one Vvisit to a primary care or endocrinology clinic in 2021.
For the identified cohort, we extracted data regarding type
of clinic visits in 2021 (primary care and/or endocrinology
clinic visits) and recent demographic and clinical character-
istics, including age, gender, race, ethnicity, health insurance
type, insulin regimen (none, basal, prandial, or both), and
most recent hemoglobin Alc (HbAlc) value as a measure
of glycemic management. Next, we retrospectively extracted
data on CGM prescriptions to ascertain if cohort members
had ever been prescribed a CGM, the date of the first CGM
prescription in our system, if the first CGM prescription in
our system reflected a new or historical prescription, and the

HbA 1c value closest to and preceding the date of first CGM
prescription. We excluded any HbA 1c values over 7 months
prior to the date of first CGM prescription.

Analyses

All analyses were conducted using Stata v. 14.2. We used
descriptive statistics to characterize the cohort, including
the proportion of CGM users (new and historical). We used
Wilcoxon rank sum Kruskal-Wallis nonparametric tests
of difference to compare cohort members who never had a
CGM prescription (no CGM use) with those who had a CGM
prescription (CGM use). Next, we sought to characterize the
rate of CGM uptake for this cohort. For these analyses, we
restricted the sample to new prescriptions (i.e., excluding
patients who had used CGM prior to their first prescription
within VUMC using the historical medication flag in Epic)
and any cohort members who started CGM after 2021. Then
we used graphics and summary statistics to describe the
rate of new CGM users in our healthcare system. For this
examination, we included the clinic type associated with the
first CGM prescription and examined insulin regimen across
prescribing clinic types.

RESULTS
Correlates of CGM Use

A total of 30,585 adults were seen by primary care or endo-
crinology for type 2 diabetes from January 1 to December
31, 2021; 12.7% (n=73893) had CGM use indicated in their
EHR (Table 1). CGM use was associated with younger age
(users were around 6 years younger than non-users) and
having private insurance, an insulin regimen including both
basal and prandial insulin (including pre-mixed insulins),
and higher HbAlc (Table 1). CGM users had higher most
recent HbAlc values, with 32.0% having an HbA1c>8.5%
as compared to 14.8% for non-users. CGM use was not asso-
ciated with gender, race, or Hispanic ethnicity.

CGM use was also associated with having endocrinology
visits in 2021 (vs. primary care only; Table 1). Most CGM
users (76.8%) had endocrinology visits as part of their
care in 2021, compared to 30.6% of non-users. However,
23.2% of CGM users only had primary care visits in 2021.
The majority of CGM users were on an intensive insulin
regimen, involving both basal and prandial insulin (72.1%).
In our system, approximately 1 in every 4 (23.0%) people
with type 2 diabetes who were prescribed prandial insulin
(alone or with basal) were using a CGM. However, 12.3% of
CGM users were not taking insulin (as compared to 54.0%
of non-users).

We then stratified the cohort by type of clinic visits in
2021 (Table 2). Approximately 60% of the cohort had only
primary care visits, 20% had only endocrinology visits, and
20% had both. Compared to persons with an endocrinology
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Table 1 Characteristics of Adults with Type 2 Diabetes Seen in Primary Care or Endocrinology Clinics at Vanderbilt University Medical

Center in 2021, by Continuous Glucose Monitor (CGM) Use

Mean (SD) or % (n) Total cohort No CGM use CGM use p value
N=30,585 n=26,692 n=3893
Age, years 62.5 (13.7) 63.3 (13.5) 57.5 (13.5) <0.001
Female gender 50.6 (15,573) 50.6% (13,501) 50.7% (1973) 0.921
Race 0.154
White 72.3% (22,109) 72.1% (19,255) 73.3% (2854)
Black 18.0% (5489) 17.8% (4742) 19.2% (747)
Asian 2.3% (693) 2.3% (613) 2.1% (80)
American Indian 0.2% (62) 0.2% (55) 0.2% (7)
Native Hawaiian 0.1% (27) 0.1% (20) 0.2% (7)
Multiple 0.7% (222) 0.7% (189) 0.9% (33)
Missing 6.5% (1983) 6.8% (1818) 4.2% (165)
Hispanic ethnicity 3.1% (954) 3.2% (842) 2.9% (112) 0.167
Insurance status <0.001
Government 44.4% (13,582) 46.7% (12,464) 28.7% (1118)
Private 52.7% (16,114) 50.3% (13,437) 68.8% (2677)
Other 2.0% (598) 1.9% (501) 2.5% (97)
2021 visit type(s) <0.001
Primary care 59.6% (18,239) 65.0% (17,337) 23.2% (902)
Endocrinology 19.7% (6015) 17.3% (4624) 35.7% (1391)
Both 20.7% (6331) 17.7% (4731) 41.1% (1600)
Insulin type <0.001
None 48.7% (14,892) 54.0% (14,413) 12.3% (479)
Basal 6.9% (2113) 6.9% (1828) 7.3% (285)
Prandial” 12.6% (3849) 13.2% (3526) 8.3% (323)
Both 31.8% (9731) 25.9% (6925) 72.1% (2806)
Most recent HbAlc (%)" 7.4 (1.7) 7.3(1.7) 8.0 (1.8) <0.001
HbA1c>8.5% 19.2% (5207) 17.1% (3963) 32.3% (1244)
HbAlc (%) prior to first CGM NA NA 8.6 (2.0) NA
prescription®
HbA1c>8.5% NA NA 46.1% (1564)

Nonparametric tests of difference used (e.g., Wilcoxon rank sum Kruskal-Wallis test)

NA not applicable, SD standard deviation

“We were unable to differentiate those using prandial insulin with an insulin pump from those on multiple daily injections
788.5% (27,074/30,585) had a recent HbA lc value; 87.0% (23,221/26,692) no CGM use and 98.5% CGM use (3835/3893)

95.8% (3729/3893) of CGM users had a HbA Ic value prior to first CGM prescription. We excluded HbA Ic values more than 7 months before the
first CGM prescription (n=338), resulting in 3391/3893 CGM users with an HbAlc within 7 months of their first CGM prescription who were

included in this calculation

visit, fewer persons with only primary care visits had pri-
vate insurance, fewer had an intensive insulin regimen,
and more were not using insulin. Five percent of persons
seen only in primary care were CGM users, compared with
23.1% with only endocrinology visits and 25.3% with both
visit types.

Rates of CGM Uptake, Overall and by
Prescribing Clinic

To examine the rate of CGM uptake for the 2021 cohort, we
excluded patients who entered our system already using a
CGM (i.e., historical users, n=447) and patients who started
CGM after 2021 (n=282). This resulted in n=3164 incident
(new) CGM users with type 2 diabetes in the cohort. The
earliest CGM prescription for the cohort appeared in Decem-
ber 2017. Our results show increasing uptake over time: only
n=11in 2017, n=487 in 2018, n=791 in 2019, n=799 in
2020, and n=1086 in 2021 (Fig. 1). The average monthly

rate of new CGM prescriptions was 40.6 (SD=22.8) in
2018, 65.9 (SD=7.9) in 2019, 66.6 (SD=16.9) in 2020,
and 90.5 (SD=12.5) in 2021. As seen in Fig. 1, growth may
have slowed from 2019 to 2020 due to the COVID-19 pan-
demic limiting outpatient visits in 2020. Endocrinology was
the source of the first CGM prescription for 66.8% of cohort
members compared to 27.6% from primary care and 5.6%
from other specialties (most commonly cardiology, trans-
plant, and infectious disease). However, despite evidence
of an initial lag in CGM prescribing for type 2 diabetes in
primary care compared to endocrinology, rates of primary
care prescribing made up an increasingly larger proportion
of incident users each year (Fig. 1). Primary care more than
doubled its average monthly CGM prescriptions to new users
in 2021 from the prior year (16.9 per month in 2020 and
38.0 per month in 2021). In contrast, endocrinology’s aver-
age monthly prescriptions to new users dropped in 2020 and
2021 (50.6 per month in 2019; 45.3 in 2020; 47.4 in 2021).
Figure 2 depicts the percentage of prescriptions for CGM
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Table 2 Characteristics of Adults with Type 2 Diabetes Seen in Primary Care and/or Endocrinology Clinics at Vanderbilt University

Medical Center in 2021
Mean (SD) or % Primary care visits only in 2021 Endocrinology visits only in 2021 Both types of
visits in 2021
n=18,239 n=6015 n=6331
Age, years 64.2 (13.6) 58.6 (13.3) 61.6 (13.3)
Female gender 50.5% (9213) 50.4% (3034) 51.0% (3227)
Race
White 72.4% (13,205) 74.1% (4458) 70.2% (4446)
Black 17.3% (3153) 15.7% (943) 22.0% (1394)
Asian 2.3% (422) 1.7% (102) 2.7% (169)
American Indian 0.2% (42) 0.2% (9) 0.2% (11)
Native Hawaiian 0.1% (18) 0.1% (5) .01% (4)
Multiple 0.8% (150) 0.5% (31) 0.7% (41)
Missing 6.9% (1249) 7.8% (438) 4.2% (266)
Hispanic ethnicity 3.2% (591) 2.9% (174) 3.0% (189)
Insurance status
Government 48.1% (8764) 39.3% (2361) 38.8% (2457)
Private 48.6% (8857) 59.2% (3558) 58.4% (3699)
Other 2.0% (362) 1.1% (66) 2.7% (170)
Insulin type
None 62.4% (11,384) 25.9% (1559) 30.8% (1949)
Basal 6.0% (1097) 8.4% (3351) 8.1% (511)
Prandial” 13.7% (2506) 10.0% (600) 11.7% (743)
Both 17.8% (3252) 75.2% (3351) 49.4% (3128)
Most recent HbAlc (%)F 7.2 (1.6) 7.7 (1.9) 7.6 (1.8)
HbAlc>8.5% 12.6% (2303) 24.2% (1454) 22.9%
CGM user 5.0% (902) 23.1% (1391) 25.3% (1600)

“We were unable to differentiate those using prandial insulin with an insulin pump from those on multiple daily injections

788.5% (27,074/30,585) had a recent HbAlc value

to new users by clinic type and insulin regimen, revealing

most (82.2%) people who started CGM in endocrinology
used both basal and prandial insulin, whereas nearly 30%
of people who start CGM in primary care were not using
insulin and approximately half were using both basal and

prandial insulin.
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DISCUSSION

People with type 2 diabetes may benefit from CGM by
gaining a personalized approach to glycemic management
with numerous opportunities for feedback, which can lead
to lowered diabetes-related healthcare costs and mitigate

some diabetes distress.>* In a large academic medical center
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Figure 1 Number of CGM prescriptions to new users each month, by prescribing clinic, in cohort of adults with type 2 diabetes. March,

April, and December 2020 may reflect decreases in outpatient care visits in response to COVID-19.
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Figure 2 Percent of CGM prescriptions to new users, by prescribing clinic type and insulin regimen, in cohort of adults with type 2 diabetes.

in the Southeastern US, we found that around 13% of peo-
ple receiving outpatient care for type 2 diabetes had used
a CGM, and nearly 1 in 4 who were prescribed prandial
insulin had used a CGM. From 2020 to 2021, the overall
growth rate of new CGM users was 36% overall, which was
composed of 5% growth rate in endocrinology and 125%
growth rate in primary care. New CGM prescriptions among
people not taking insulin were more common in primary
care than in endocrinology (28% vs. 5%), suggesting that
primary care prescribing practices are responding to calls
for increased CGM use among adults with type 2 diabetes
including those not using insulin.®'® Despite rapid growth
in new CGM prescriptions from primary care, 3 of 4 CGM
users had an endocrinology clinic visit in 2021 suggesting
primary care providers may prescribe CGM with a sub-
sequent referral to endocrinology (rather than referrals to
endocrinology resulting in a new CGM prescription from
an endocrinology clinic).

We did not find evidence of CGM use disparities by gender,
race, nor ethnicity, but we did find CGM users were younger
and more had private insurance as compared to non-users.
Age differences could be due to an increased likelihood
for younger patients to adopt new technology,>>*® and may
dissipate over time as medical specialties shift to managing
type 2 diabetes for generations of people who were exposed

to technology earlier. We also found CGM users had a more
intensive insulin regimen and higher HbA1c. The patient-level
factors driving uptake of CGM in type 2 diabetes appear to be
aneed for additional diabetes management tools (younger age
combined with more intensive regimen and higher HbAlc)
and accessibility/affordability (private insurance coverage).
We are aware of only one other study reporting characteristics
of CGM users as compared to non-users among adults with
type 2 diabetes. Karter et al.'® conducted a retrospective cohort
study among adults with both type 1 and type 2 diabetes
in a Northern California—integrated health care delivery
system. From 2015 to 2018, less than 1% (344 of 36,080)
of adults with type 2 diabetes used CGM. Like our findings,
Karter et al. noted that CGM users were younger and found
evidence of socioeconomic disparities. However, HbAlc was
lower for CGM users than non-users. Our finding that people
with type 2 diabetes who initiate CGM have higher HbAlc
values may reflect increasing knowledge of the benefits of
CGM for HbAlc reduction among physicians and patients,
potentially because of the research reporting efficacy of CGM
for improving glycemic management.

We did not examine physician- or clinic-level factors
driving CGM uptakes; however, there were no system-level
efforts to increase CGM prescribing, and our primary care
clinics are geographically diverse with local leadership,
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suggesting this increase is mostly due to patient inquiries
about CGM and individual providers using CGM in their
clinical practice. Our findings indicate primary care pro-
viders may prescribe CGM with a concurrent/subsequent
referral to endocrinology for data interpretation and/or
medication changes. Vanderbilt also has a Population Health
Clinical Pharmacy team that supports patients in procure-
ment of CGM, provides patient education on CGM, and
can recommend medication adjustments in communication
with prescribing providers. These services are initiated by
a prescription for CGM. The availability of these services
coincided with increases in CGM prescribing in 2021. Pri-
mary care physicians may have prescribed CGM more read-
ily knowing clinical pharmacy and endocrinology referrals
were available.

Although our health system is not typical of all primary
care settings in important ways and may not reflect wide-
spread practice at present, our findings may be an early indi-
cator of trends as patients and healthcare providers learn
about the benefits of CGM and the affordability, design and
accuracy of CGM improves. We may see rapid growth in
CGM uptake among adults with type 2 diabetes, mirroring
the growth seen in type 1 diabetes—from 12% in 2014 to
38% in 2018.%” Our findings in the context of the existing
literature indicate the following efforts could support growth
in CGM use among adults with type 2 diabetes: (a) expanded
government insurance coverage for CGM and decreased
costs of devices to support uptake among persons without
private insurance coverage, (b) increased awareness among
primary care providers of CGM benefits for persons with
type 2 diabetes regardless of medication regimen, and/or
(c) supportive services in partnership with primary care set-
tings where most persons with type 2 diabetes receive their
care. There are several potential models to support CGM
use in primary care.!® For instance, primary care clinics
could follow models used in clinical trials on CGM effi-
cacy to partner with endocrinology and/or clinical pharma-
cists via telehealth!” and/or mobile health programs.'® This
may be particularly helpful for persons on intensive insulin
regimens, who may benefit from iterative medication adjust-
ments based on CGM data viewed remotely. For persons
not on intensive insulin regimens, CGM may be used for
the purposes of supporting lifestyle changes and/or avoid-
ing fingerstick methods.?® CGM initiation could be paired
with evidence-based lifestyle interventions—delivered as
an adjunct to clinical care and reimbursed by insurance—
to maximize benefit.!*!® The presence of these supportive
partnerships may enable primary care providers to increase
CGM prescribing in type 2 diabetes. Research on models to
support CGM uptake in primary care settings is needed.'*

Limitations of our study include reliance on data from a
single academic medical center that serves insured patients
and lower percentages of people from minoritized racial and
ethnic groups, limiting generalizability and our ability to

detect disparities. Like many academic medical centers, our
population may have more advanced diabetes than national
populations as indicated by the higher percentage of people
using insulin (51% at VUMC as compared to 36% nationally
as of 2019). Many primary care settings do not have easy
access/integration with endocrinology, which may make the
identified trends less generalizable to all primary care set-
tings. Primary care physicians may be more willing to start
patients with CGM if endocrinology and/or clinical pharma-
cist support is available as needed. Furthermore, because we
used data collected as part of regular care, we were not able
to examine who sustains CGM use nor reasons for use/non-
use, which are important areas to examine in type 2 diabetes
given the rapid increase in uptake documented here. Finally,
we were unable to reliably determine which CGM users were
also using an insulin pump with EHR data.

This study is the first to examine trends in CGM uptake
among adults with type 2 diabetes in real-world care set-
tings, and findings reveal rapid increases driven by CGM
prescribing in primary care. More persons not using insulin
were prescribed CGM in primary care than in endocrinology.
People who were younger, with private insurance coverage
and higher HbA1c values, were more likely to use CGM.
Primary care may drive growth in CGM use among persons
with type 2 diabetes with appropriate supports in place for
patients to procure CGM, understand CGM data, and make
appropriate behavioral or medication changes in response
to CGM data.
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