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ABSTRACT

Introduction: Resistance to initiating insulin
therapy is common for people with type 2 dia-
betes (T2D) using multiple oral agents, resulting
in sustained poor glycemic control. We
explored a non-pharmacologic option and
examined whether adults with T2D and ele-
vated hemoglobin A1c (HbA1c) who were using
multiple, non-insulin antihyperglycemics could
obtain glycemic benefit from limited, episodic
use of real-time continuous glucose monitoring
(rtCGM).
Methods: A randomized, pilot trial enrolled
patients with T2D who were using two or more
non-insulin therapies and had HbA1c values of
7.8–10.5%. Following a baseline, 10-day, blin-
ded CGM session, participants were randomized
2:1, rtCGM or self-monitoring of blood glucose
(SMBG). Medication changes were not made
during the 12-week study unless required for
safety; benefits would result from lifestyle

changes. The rtCGM group used unblinded
rtCGM for three sessions at weeks 0, 4, and 8,
and the control group managed diabetes with
SMBG and wore blinded rtCGM at week 8.
Glycemic endpoints were assessed.
Results: Seventy participants were enrolled
from eight North American sites and data were
available from 68 (n = 45 rtCGM; n = 23 SMBG).
Median (IQR) baseline HbA1c was 8.4 (0.8)%
and 8.3 (1.2)% and median (IQR) change in
HbA1c at week 12 was - 0.5 (1.3)% and - 0.2
(1.1)% for the rtCGM and SMBG groups,
respectively (between-group difference
p = 0.74). More than one-third (34.1%) of the
rtCGM group vs 17.4% of the SMBG group
reached the HbA1c goal of less than 7.5% at
week 12 (between-group difference p = 0.12).
Compared to run-in, mean (SD) time in range
(TIR 70–180 mg/dL) at week 8 increased for the
rtCGM group (56.3 [24.5]% vs 63.1 [25.5]%)
while it decreased for the SMBG group (68.4
[21.5]% vs 55.1 [30.3]%). HbA1c reductions
were not sustained at month 9.
Conclusion: In this pilot study, limited episodic
rtCGM use in people failing multiple non-in-
sulin therapies resulted in modest, short-term
glycemic benefits.
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Key Summary Points

Why carry out this study

Suboptimal glycemic control is common
among adults with type 2 diabetes (T2D)
and therapy adjustments are often
required to optimize control.

Episodic use of real-time continuous
glucose monitoring (rtCGM) has been
shown to significantly improve HbA1c in
patients with T2D not on prandial insulin
but CGM use patterns in prior studies do
not match current reimbursement models
or established CPT codes.

The COMMITED study was a pilot,
randomized trial designed to be
translatable to routine medical practice
and to determine if episodic use of rtCGM
in patients failing multiple non-insulin
medications would facilitate improved
lifestyle choices and/or better medication
adherence and result in glycemic
improvement compared to self-
monitoring of blood glucose (SMBG).

What was learned from the study?

Median baseline HbA1c was 8.4% and
8.3% and median change in HbA1c at
week 12 was - 0.5% and - 0.2% for the
rtCGM and SMBG groups, respectively
(between-group difference p = 0.74).

More than a third (34.1%) of participants
in the rtCGM group and 17.4% in the
control group reached an HbA1c of less
than 7.5% at week 12. In other words,
episodic rtCGM use (one 10-day wear per
month for 3 months) enabled more than
one-third of participants, who had poor
glycemic control despite use of multiple
oral agents, to make changes based on
their CGM data that improved glycemic
control, potentially obviating the need to
escalate therapy.

These modest benefits were not sustained
at 6 months, suggesting that additional
rtCGM is required for durable glycemic
benefits.

DIGITAL FEATURES

This article is published with digital features,
including a summary slide, to facilitate under-
standing of the article. To view digital features
for this article go to https://doi.org/10.6084/
m9.figshare.14619045.

INTRODUCTION

Current guidelines suggest metformin and
comprehensive lifestyle modification as the
initial approach to type 2 diabetes (T2D) man-
agement [1], with the aim of reaching a target
HbA1c of less than 7.0% to 7.5% [2]. Since T2D
is a progressive disease, therapy adjustments are
expected. Management guidelines from the
National Institute for Health and Care Excel-
lence (NICE) recommend that drug treatment
should be intensified if hemoglobin A1c
(HbA1c) levels are not adequately controlled
and rise to 7.5% or higher in adults with T2D
[3]. Within 3–4 years of initiating metformin,
most patients require a second-line antidiabetic
drug [4]. However, data from real-world studies
show that intensification of therapy is com-
monly delayed [5–9] and, even when insulin is
introduced, adherence is poor and optimal gly-
cemic control is often not obtained or sustained
[6, 10–14].

The role of glucose monitoring to facilitate
improved lifestyle choices and prevent therapy
intensification is unclear for patients with T2D
not using insulin. Numerous studies have
shown a lack of benefit of self-monitoring of
blood glucose (SMBG) [15–19]. However, a
common theme in these studies is that patients
and/or clinicians failed to utilize the glucose
data. There is evidence that shows this is also a
problem in the real world [20]. Conversely,
studies in which SMBG data are used by patients
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and clinicians have shown significant HbA1c
reduction [21–23]. In these studies, SMBG is
performed before and after meals, providing
participants immediate feedback about their
food choices [21, 22]. While SMBG may be
effective if the data are used to modify behavior
and treatment, there are numerous barriers to
SMBG testing [24]. Many insurers provide lim-
ited coverage for test strips for most non-insulin
users and, even with coverage, few patients with
T2D perform SMBG at the recommended fre-
quency [25].

Real-time continuous glucose monitoring
(rtCGM) represents a considerable advance over
SMBG—glucose data are obtained without the
need to lance the fingertip and are transmitted
effortlessly at regular intervals from a subcuta-
neous sensor to a nearby receiver or smart
device, providing users immediate feedback on
their lifestyle choices. Currently available sys-
tems are more sophisticated and user-friendly
than early-generation systems and some do not
require blood glucose calibration. While ran-
domized controlled trial (RCT) data suggest that
sustained rtCGM use is beneficial for patients
with insulin-treated T2D [26], there are limited
data evaluating the effects of intermittently
used rtCGM in patients with T2D who are not
on insulin.

A study conducted by Ehrhardt et al. [27] was
the first to investigate standalone rtCGM use in
participants with T2D not on insulin. Partici-
pants used an early-generation CGM system
intermittently for 12 weeks, including four
cycles in which CGM was worn for 2 out of
3 weeks (a total of eight week-long CGM ses-
sions across 12 weeks). The data showed signif-
icant and sustained improvements in HbA1c for
those using rtCGM compared to SMBG [27, 28].
In this study, there were no specific manage-
ment guidelines provided to patients or to their
treating clinicians, suggesting that real-time
feedback about the glycemic effects of meals
and exercise was sufficient to teach lifestyle
skills that resulted in better glycemic control for
patients with T2D. A major limitation of this
study was that the episodic rtCGM use regimen
(8 out of 12 weeks) utilized in this study is not
reimbursable or commonly used in clinical
practice. A randomized study by Cox et al. [29]

looked at the benefit of a formal, group-ori-
ented, structured education program in con-
junction with rtCGM (worn for five sessions) in
30 subjects with early T2D and found that par-
ticipants using rtCGM successfully modified
their diets and lowered their HbA1c on the basis
of their CGM data and the structured education.
Glycemic benefits were also observed for adults
with T2D who used rtCGM intermittently on an
individualized schedule and engaged with a
diabetes coach via a virtual diabetes clinic;
greater benefit was observed for those who used
rtCGM for more than 30 days across approxi-
mately 5 months [30, 31].

Accordingly, there is additional need to
ascertain if benefits of episodic rtCGM use in
non-insulin-using adults with poorly controlled
T2D can be observed outside of a structured
coaching program and using a more conven-
tional (and reimbursable) monitoring approach.
The COntinuous Glucose Monitoring & Man-
agement In TypE 2 Diabetes (COMMITED;
clinicaltrials.gov NCT03620357) study was a
pilot study of methods designed to be easily
translatable to routine medical practice. Its
objective was to determine if limited, episodic
use of rt-CGM (10 days a month for 3 months)
and experiential learning in patients failing
multiple non-insulin medications would
improve their lifestyle choices and/or enhance
medication adherence and result in glycemic
benefit.

METHODS

Enrollment Criteria

We enrolled adult patients with T2D who were
receiving two or more oral antidiabetic drugs at
eight North American endocrinology clinics.
Major eligibility criteria included age 30? years;
diagnosis of T2D; treated with two or more non-
insulin antidiabetic drugs; HbA1c C 7.8% and
B 10.5% by local laboratory or point of care;
stable body weight over the past 3 months;
English speaking; and owner of a compatible
smart device for CGM data display (receivers
were not used). Exclusion criteria included use
of insulin; prior CGM use (past professional
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CGM use was acceptable); pregnancy; and esti-
mated glomerular filtration rate
(eGFR)\30 mL/min/1.73 m2. The protocol and
Health Insurance Portability and Accountability
Act (HIPAA)-compliant informed consent forms
were approved by Salus IRB (Board Numbers
IRB00006833, IRB00006834, and IRB00009473),
who agreed with the determination of non-sig-
nificant risk for the device study. Written
informed consent was obtained from each par-
ticipant in accordance with the Code of Federal
Regulations (CFR) Title per Department of
Health and Human Services (DHSS) regulations
(45 CFR 46, subpart A & D). Subjects were asked
to sign state-specific forms, such as Subject’s Bill
of Rights, or equivalent, (if applicable) and
HIPAA authorization form, if not included in
the site’s consent template. Subjects were pro-
vided the opportunity to review these docu-
ments prior to coming to the clinical site. The
investigator or designee explained the purpose
and duration of the study, the study procedures
and subject requirements, and the potential
risks and benefits. The consenting process was
documented for each participant and a copy of
the consent was provided to the participant. All
procedures followed were in accordance with
the ethical standards of the institutional review
board and ethics committee on human experi-
mentation (institutional and national) and with
the Helsinki Declaration of 1964, as revised in
2013.

Study Design

The study was a prospective, randomized, pilot
clinical trial that included a run-in phase, a
study phase, and a follow-up visit (Fig. S1 in the
supplementary material). At enrollment and
run-in, participants completed quality-of-life
questionnaires (data not reported here) and
wore Dexcom G6 CGM (Dexcom Inc, San
Diego, CA) in a blinded, study mode for one
10-day wear session to collect baseline CGM
data. Participants were then randomized in a
2:1 ratio to rtCGM or SMBG groups. The rtCGM
group used unblinded rtCGM (Dexcom G6) for
10 days each at weeks 0, 4, and 8. Participants
were provided learning modules with each

CGM wear period to facilitate experiential
learning in response to their glucose data
(Fig. S2 in the supplementary material). The
SMBG group managed diabetes with daily
SMBG and wore blinded rtCGM at week 8 for
comparison of CGM metrics to the rtCGM
group. Both groups had HbA1c collected at
weeks 0 and 12. Per protocol, medication
changes were disallowed for participants in
either group unless required for safety. There
were phone visits with a study-site clinician at
weeks 2, 6 and 10 in both groups to review the
SMBG or rtCGM data. During these calls, there
were structured discussions about what the
subjects learned from their glucose monitoring,
what changes were made in response to the
data, and what the study clinician observed.
After week 12, participants were followed via
usual care by their clinician (medication chan-
ges were allowed) and returned for a follow-up
visit at month 9 to obtain local lab or point-of-
care HbA1c. Reportable adverse events included
all device-or study-related adverse events, severe
hypoglycemia (defined as an event that
required assistance from another person to
administer carbohydrates or other resuscitative
action), diabetic ketoacidosis or severe hyper-
glycemia if treatment was received at a health-
care facility, and serious adverse events
regardless of causality.

Data Analysis

Participants with at least 5 days of CGM data
within each active wear period were included in
the analysis. Participants with less than 5 days
of cumulative CGM data (initial and replace-
ment devices) in an active wear period were
excluded from the analysis. Independent t tests
were performed for comparisons between base-
line (week 0) and week 12 HbA1c values, week 0
and month 9 HbA1c values, and the percentage
of participants reaching an HbA1c of less than
7.5% and 7.0% tested at a one-sided significance
level of 0.05, using SAS� software, version 9.4
(SAS Institute, Inc., Cary, NC). Percentage time
in various CGM glucose ranges was calculated as
the proportion of sensor glucose values within
that range, compared to the total number of
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available sensor glucose values in that sensor
wear session. As a result of the small sample size
of this pilot study, statistical analysis of
between-group comparisons was limited to
HbA1c endpoints, and analyses of CGM metrics
were only descriptive.

RESULTS

Participant Demographics

A total of 70 participants were enrolled (n = 46
rtCGM; n = 24 SMBG) from eight North

Table 1 Participant demographics and baseline characteristics

Characteristics Statistics CGM (n = 46) SMBG (n = 24) Overall (n = 70)

Age n 46 24 70

Mean (SD) 58.9 (11.8) 60.9 (9.5) 59.5 (11.1)

Median 59.5 61.1 59.7

Min, max 35.5, 80.6 45.3, 80.3 35.5, 80.6

Gender

Male n (%) 27 (58.7%) 10 (41.7%) 37 (52.9%)

Female n (%) 19 (41.3%) 14 (58.3%) 33 (47.1%)

Race

Asian n (%) 9 (19.6%) 1 ( 4.2%) 10 (14.3%)

Black or African American n (%) 5 (10.9%) 0 (0.0%) 5 (7.1%)

Native Hawaiian or Other Pacific Islander n (%) 1 ( 2.2%) 1 (4.2%) 2 (2.9%)

White n (%) 31 (67.4%) 21 (87.5%) 52 (74.3%)

Other n (%) 0 (0.0%) 1 (4.2%) 1 (1.4%)

Ethnicity

Hispanic or Latino n (%) 12 (26.1%) 8 (33.3%) 20 (28.6%)

Not Hispanic or Latino n (%) 34 (73.9%) 16 (66.7%) 50 (71.4%)

BMI (kg/m2) n 46 24 70

Mean (SD) 31.6 (6.9) 33.1 (5.8) 32.1 (6.6)

Median 29.9 32.8 31.0

Min, max 19.6, 50.0 24.2, 46.2 19.6, 50.0

Diabetes duration (years) n 46 24 70

Mean (SD) 13.9 (11.0) 12.3 (6.7) 13.4 (9.7)

Median 11.0 11.0 11.0

Min, max 2.0, 59.0 2.0, 23.0 2.0, 59.0
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American sites starting in September 2018 and
data were available from 68 (n = 45 rtCGM;
n = 23 SMBG). One participant in the rtCGM
group did not have at least 5 days of sensor wear

during an active wear period and one partici-
pant in the SMBG group had rtCGM initiated by
mistake. Baseline characteristics are shown in
Table 1. Enrolled participants were using two or

Table 2 HbA1c outcomes—baseline to week 12

Primary
outcome

CGM SMBG p value

Baseline
(n = 44)

Week 12
(n = 44)

Change from
baseline to week 12

Baseline
(n = 23)

Week 12
(n = 23)

Change from
baseline to week 12

A1C 0.74

Mean

(SD)

8.4 (0.7) 8.0 (1.1) - 0.5 (0.9) 8.5 (0.8) 8.1 (1.0) - 0.3 (0.7)

Median

(IQR)

8.4 (0.8) 7.9 (1.2) - 0.5 (1.3) 8.3 (1.2) 8.0 (0.8) - 0.2 (1.1)

Fig. 1 HbA1c at baseline and week 12; CGM (n = 44)
and SMBG (n = 23). Scatterplot of week 12 hemoglobin
A1c (HbA1c) levels by baseline HbA1c level. The
horizontal dotted line indicates an HbA1c goal of 7.5%.

Points below, above, and on the diagonal solid line
represent cases in which the week 12 HbA1c level was
lower, higher, and the same as the baseline HbA1c level,
respectively
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more non-insulin antihyperglycemic medica-
tions, most commonly biguanides, sulfony-
lureas, sodium/glucose cotransporter 2 (SGLT2)
inhibitors, and dipeptidyl peptidase 4 (DPP4)
inhibitors (Table S1 in the supplementary
material).

HbA1c

Mean (SD) and median (IQR) change in HbA1c
from baseline to week 12 was - 0.5 (0.9)% and
- 0.5 (1.3)% for those in the rtCGM group and
- 0.3 (0.7)% and - 0.2 (1.1)% for those in the
SMBG group, but the between-group difference
was not significant (p = 0.74; Table 2). At
week 12, a greater proportion of those ran-
domized to rtCGM than those managing dia-
betes with SMBG met HbA1c goals of less than
7% (18.2% vs 8.7%, rtCGM vs SMBG; p = 0.26)
and less than 7.5% (34.1% vs 17.4%, rtCGM vs
SMBG; p = 0.12) (Fig. 1). HbA1c reductions were
not sustained at month 9; mean (SD) and
median (IQR) change in HbA1c from baseline to
month 9 was - 0.2 (0.9)% and - 0.2 (0.9)%,
respectively, for those in the rtCGM group and
? 0.1 (1.3)% and ? 0.1 (1.6)%, respectively, for
those in the SMBG group (between-group
p = 0.79).

CGM Metrics and Glucose Monitoring

CGM data were available for both the rtCGM
and SMBG groups prior to randomization (run-
in) and week 8; 90% of participants had CGM
readings up to day 10. CGM data collected for
the SMBG group were from blinded CGM for
both time points, whereas they were from
blinded CGM (run-in) and unblinded CGM
(week 8) for the rtCGM group. Time spent in
hypoglycemia was negligible at run-in, even for
those on sulfonylureas or a meglitinide. Partic-
ipants on sulfonylureas or a meglitinide (n = 44)
spent a mean (SD; min–max) percentage time
below 70 mg/dL of 0.37% (1.04%; 0.0–5.3%). By
contrast, those not on sulfonylureas or a
meglitinide (n = 20) spent a mean (SD; min–
max) percentage time below 70 mg/dL of 0.05%
(0.15%; 0.0–0.65%), precluding making any
meaningful conclusions about differences inT
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time spent in hypoglycemia between the two
groups at week 8.

The rtCGM group experienced a clinically
meaningful, more than 5-percentage-point
increase in TIR from run-in to week 8 (56.3% vs
63.1%, run-in vs week 8), realized primarily as a
reduction in hyperglycemia with a glucose level
above 180 mg/dL (Table 3). By contrast, the
SMBG group experienced a considerable
decrease in TIR (68.4% to 55.1%, run-in vs
week 8). Of note, when participants in the
rtCGM group transitioned from blinded CGM
at run-in to rtCGM at randomization (week 0),
there was an immediate 10-percentage-point
increase in mean (SD) TIR, from 56.3 (24.5)% to
66.3 (24.5)%.

Adverse Events

No serious adverse events (SAEs) occurred in
either group during the active wear period. In
the rtCGM group, there were two adverse events
(AEs) among two participants—one instance of
excessive skin irritation that was device and
study related, and one dental extraction that
was not related to the study, device, or disease.
In the SMBG group, there were six AEs among
four participants—one instance of excessive
skin irritation from an adhesive overlay that was
study related, one hypoglycemic event that was
disease related, and one instance each of coro-
nary artery disease, fibromyalgia, poison ivy
rash, and low iron level that were not study,
device, or disease related.

DISCUSSION

Episodic CGM is often called professional CGM;
data from such systems can be blinded and used
predominantly by treating clinicians or dis-
played in real time to empower the user. This
trial assessed the glycemic benefit of episodic
rtCGM on adults with T2D treated with multi-
ple oral antihyperglycemic medications and in
poor glycemic control with HbA1c C 7.8%. The
study utilized experiential learning—partici-
pants were instructed to complete worksheets,
record the postprandial increases in glucose
levels, and consider factors that contributed to

hyperglycemia. The remote communications
with the clinicians at clinical sites were modeled
after those used in a study of structured SMBG
use by non-insulin-treated patients with T2D
followed by family practitioners [21]. They
encouraged self-learning and self-reflection via
prompts such as, ‘‘What did you learn from your
glucose data and what changes did you make in
response to the data?’’ (Fig. S2 in the supple-
mentary material).

We observed a small, non-statistically sig-
nificant reduction in median and mean HbA1c
after 12 weeks of rtCGM use. Unlike the Viger-
sky study [27, 28], the observed HbA1c reduc-
tion diminished after rtCGM was withdrawn.
The differences may be related to frequency of
use. In the Vigersky study, participants had
eight wear sessions while this study only uti-
lized three wear sessions. Despite the modest
HbA1c reduction in the current study, a
numerically greater proportion of episodic
rtCGM users reached HbA1c goals of less than
7.5% and less than 7.0% than participants who
managed their diabetes with SMBG. Time spent
in range increased for participants within the
rtCGM group and decreased in the SMBG group.
The rapid increase of TIR with the initial rtCGM
use has been observed even with the earliest
generation CGM devices [32]. These data
demonstrate that even non-insulin users with
T2D are able to learn from their CGM data and
make lifestyle changes to diminish hyper-
glycemic excursions. When translated to clini-
cal practice, greater benefits of episodic rtCGM
use may be observed; the CGM data were not
used in this study to adjust therapy as the study
was designed to assess lifestyle changes made by
the study participants.

The lack of improvement in glycemic control
between week 12 and month 9 is informative
and highlights clinical inertia. During this free-
living follow-up period, participants were seen
by their usual clinicians; diabetes care was rou-
tine and medication changes or additions could
have occurred. However, only five participants
in the SMBG group and eight participants in the
rtCGM group initiated additional medications
(data not shown), despite the fact that the
majority of participants in both groups were not
meeting HbA1c goals.
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The study has several strengths. First, the
study design is meant to translate to real-world,
episodic rtCGM use (professional CGM) and the
pattern of use fits with current procedural codes
(CPT codes 95250 and 95251, Table S2 in the
supplementary material). The learning modules
and structured remote visits could readily be
provided and performed by primary care
physicians or by diabetes specialists. Second,
the study had broad inclusion criteria and par-
ticipants used a wide range of diabetes medica-
tions. The study has a number of limitations.
The sample size was small and although suffi-
cient for this exploratory study, impacted the
ability to draw statistically significant conclu-
sions. The study only assessed user responses to
the CGM data—CGM data were not used to
adjust therapy. Lastly, a few participants had
12-week visits in early- to mid-2020, after the
COVID-19 pandemic commenced. We cannot
comment on the effect of the pandemic on
changes in HbA1c. Although we expect such
impact to be minor, given the small TIR
improvements observed among real-world G6
users during the early pandemic [33], the social
and economic disruption from the pandemic
may have had a profound impact on some
participants.

CONCLUSION

T2D is a progressive disease that requires medi-
cation titrations and often therapy intensifica-
tion. Insulin therapy is typically the last resort
and its use is often delayed at the expense of
prolonged hyperglycemia. This pilot study
demonstrates that while episodic rtCGM use
may not result in significant improvements in
HbA1c for all patients with poorly controlled
T2D, some patients were able to realize HbA1c
goals. Thus, episodic rtCGM provides a non-
pharmacologic option for people failing multi-
ple non-insulin hypoglycemic agents. Further
studies with more participants are needed to
determine whether a greater frequency of
rtCGM use, episodic use over a long period,
enhanced coaching (such as in [30, 31]), or
medication adjustment based on the CGM data
would provide greater and more durable

glycemic benefit, obviating the need for therapy
intensification.
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