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Abstract

Objective: Real-time continuous glucose monitoring (CGM) is effective for diabetes management in cases of type | diabetes
and adults with type 2 diabetes (T2D) but has not been assessed in adolescents and young adults (AYAs) with T2D. The
objective of this pilot interventional study was to assess the feasibility and acceptability of real-time CGM use in AYAs with
T2D.

Methods: Adolescents and young adults (13-21 years old) with T2D for six months or more and hemoglobin Alc (Alc)
greater than 7%, on any Food and Drug Administration—approved treatment regimen, were included. After a blinded run-in
period, participants were given access to a real-time CGM system for 12 weeks. The use and acceptability of the real-time
CGM were evaluated by sensor usage, surveys, and focus group qualitative data.

Results: Participants’ (n = 9) median age was 19.1 (interquartile range [IQR] 16.8-20.5) years, 78% were female, 100% were
people of color, and 67% were publicly insured. Baseline Alc was |1.9% (standard deviation *=2.8%), with median diabetes
duration of 2.5 (IQR 1.4-6) years, and 67% were using insulin. Seven participants completed the study and demonstrated
statistically significant improvement in diabetes-related quality of life, with the mean Pediatric Quality of Life inventory
(PedsQL) diabetes score increasing from 70 to 75 after using CGM (P = .026). Focus group results supported survey results
that CGM use among AYAs with T2D is feasible, can improve quality of life, and has the potential to modify behavior.

Conclusion: Real-time CGM is feasible and acceptable for AYAs with T2D and may improve the quality of life of patients
with diabetes. Larger randomized controlled trials are needed to assess the effects on glycemic control and healthy lifestyle
changes.
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Introduction of insulin and/or additional medications.* Optimal glyce-
mic control is necessary to prevent long-term complica-
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tools is needed to improve clinical care and reduce the risk
of diabetes complications in AYAs with T2D.

Real-time continuous glucose monitoring (CGM) is
rapidly replacing blood glucose (BG) monitoring by a
glucose meter in patients with T1D and some adults with
T2D. Multicenter randomized controlled trials and meta-
analyses show that CGM use in both adults and children
with T1D is associated with achievement and mainte-
nance of target hemoglobin Alc (Alc) levels, reduction
of severe hypoglycemia, and higher treatment satisfac-
tion.%!* The use of CGM in adults with T2D is also asso-
ciated with improved outcomes, including more optimal
Alc when used periodically, increase in physical activity,
and reduction in caloric intake, weight, body mass index
(BMI), and postprandial glucose levels.!*!® Recently a
large retrospective cohort study showed that among
adults who started real-time CGM, those with T2D on
insulin had greater improvements in Alc than did patients
with T1D, suggesting that adults with T2D can receive as
much or more benefit from this technology.'® Practice
guidelines encourage regular use of CGM in both chil-
dren and adults with T1D and in adults with T2D who are
not achieving glucose targets or who are experiencing
hypoglycemia.?0-24

Despite evidence suggesting efficacy of CGM for patients
with diabetes, to our knowledge, no studies have explored
the use of real-time CGM in adolescents with T2D, and
CGM is rarely prescribed in this population.* Payors fre-
quently do not provide coverage of real-time CGM for ado-
lescents with T2D, creating a barrier to access that contributes
to lower technology use in this population. Prior work on
CGM in AYAs with T2D has focused only on the clinician’s
retrospective review of CGM data to provide medication rec-
ommendations, describe glycemic variability, or assist in
diagnosis,**>? while self-review by adolescents with T2D or
their caregivers has yet to be described. Our objective was to
assess the use and acceptability of real-time CGM in AYAs
with T2D. Our hypothesis was that the use of real-time CGM
in AYAs with T2D would be readily accepted and would pro-
vide opportunities to educate patients about glycemic excur-
sions and the effect of their lifestyle choices on glucose

levels, which would in turn promote behavior changes and
improve clinical outcomes.

Research Design and Methods
Study Design and Participants

Participants were recruited via consecutive sampling of the
electronic medical record from an academic pediatric diabe-
tes center, offering patient-centered multidisciplinary care for
children with diabetes in the greater San Francisco Bay Area,
staffed by faculty who are board-certified in pediatric endo-
crinology, clinical fellows, nurse practitioners, behavioral
health providers, certified diabetes care and education spe-
cialists, dieticians, and support staff. This single-arm inter-
ventional pilot study included AYAs aged 13 to 21 years with
T2D for six months or more on a stable medication regimen,
defined as no medication change in the month prior to enroll-
ment and, if they were on exogenous insulin, without an
increase in the total daily dose of insulin by more than 20%
over the past month. Participants were English and Spanish
speakers and had access to a personal electronic smart device
compatible with the Dexcom G6 CGM system. Eligible AYAs
had suboptimal glycemic control, defined as an Alc greater
than 7% per the American Diabetes Association Standards of
Medical Care.”” Medication regimens including metformin,
glucagon-like peptide-1 (GLP-1) receptor agonists, and basal
and/or bolus insulin were permissible as these were Food and
Drug Administration (FDA)-approved and the most com-
monly prescribed agents at the time the study was conducted.
We offered participation to AYAs receiving all treatment regi-
mens to recruit a participant sample representative of our
clinical patient population. We excluded patients taking non—
FDA-approved medications because being prescribed off-
label medications may have indicated atypical T2D discase
progression that required nonstandard treatment.

Participants were recruited from August 2019 through
October 2020, with a pause in recruitment from March 2020
to July 2020 due to research restrictions related to the coro-
navirus disease 2019 (COVID-19) pandemic. A total of 51
patients with T2D for more than six months were screened
for potential participation. After excluding ineligible patients
due to the Alc being less than 7%, the current use of CGM,
developmental delay, or inability to contact (n = 24), an
additional 19 participants declined participation due to living
too far from the clinic, mental health concerns, not wanting to
participate in focus groups, or changing their mind (Figure 1).
Participants provided written and verbal informed consent
prior to study initiation. For those participants who were
minors (younger than 18 years) at the time of enrollment, a
caregiver (parent or legal guardian) provided informed con-
sent, and the minor assented to participation. The protocol
and procedures were approved by the Institutional Review
Board at the University of California, San Francisco.



Chesser et al

913

Patients with T2D > 6 months,
Borderline Alc at prior visit (n=51)

Ineligible (n= 24)
¢ HgbAlc<7(n=14)
¢ Already on CGM (n=2)

Approached by study staff (n=28)

Provider declined due to
developmental delay (n=2)
Unable to contact (n=5)

Declined participation (n=19)
¢ No show/ changed mind (n=11)

Enrolled in study (n=9)

¢ Lived too far (n=4)

. Did not want to be in a focus
group (n=1)

. Mental health concerns (n=3)

Lost to follow-up (n=2)

Completed 12 weeks of CGM (n=7)

. During COVID-19 pandemic

Figure 2. Study design. Abbreviation: CGM, continuous glucose monitoring.

CGM Intervention

Each participant first completed a run-in period, in which
they wore a blinded Dexcom G6 CGM device to ensure that
they would tolerate wearing the sensor prior to the start of the
study. This run-in period lasted 7 to 10 days, based on the
length of wear of the CGM sensor. After the run-in period,
participants were given access to a Dexcom G6 CGM system
for 12 weeks (Figure 2).

We chose the Dexcom G6 CGM system because of
accuracy and availability of real-time continuous data
without prompting. At the CGM start visit, participants
received training on how to use the Dexcom G6 CGM sys-
tem and education on how to respond to various glucose
ranges and alerts (see Supplemental Material). The low-
alert alarm for the sensor was set at a BG level of 70 mg/
dl, and the high-alert alarm was set at a BG level of 400
mg/dl. The high-alert alarm was initially set at this level to
prevent alarm fatigue, with the intent that this would
increase consistent wearing of the device. Participants had
a clinic appointment with their usual diabetes clinician at
four weeks and then at 12 weeks after the CGM start.
Participants also received a phone call to check-in at two
weeks after CGM start and had a telehealth visit with
research staff at eight weeks (Figure 2). During the two-
week check-in phone call, study staff asked participants if
they had any questions about the CGM device and helped
with technical problems associated with wearing the CGM
device or alerts. At the eight-week telehealth visit, study
staff asked participants if they noted patterns of high and

low glucoses in relation to diet, exercise, or medications,
and CGM data were reviewed. The option to reduce the
high-alert alarm to a lower BG level was discussed.
Documentation of this eight-week telehealth visit was for-
warded to their diabetes clinician for glucose review and
possible medication adjustments. Medications could be
adjusted during visits with their providers based off
CGM data. Participants received up to two, one-way
text messages per week to encourage them to correlate
their BG trends with their real-time eating and exercise
habits.

Measurements

The use and acceptability of the real-time CGM were evalu-
ated by sensor usage, preintervention and postintervention
surveys, and focus group qualitative data. Data were
extracted from the electronic medical record and Web-based
data-visualization systems, Tidepool (Palo Alto, CA, USA),
and Clarity (Dexcom, Inc., San Diego, CA, USA). Electronic
surveys were completed at study visits on tablet computers
or by remote link via REDcap (Vanderbilt, Nashville, TN,
USA),? an electronic data-capture tool hosted at University
of California, San Francisco.

Demographic and clinical data for participants included
age, gender, insurance, primary language, weight, BMI,
insulin dose, diabetes medication doses, self-reported medi-
cation adherence assessed by using participant question-
naires, and duration of diabetes as identified in the electronic
medical records and baseline surveys. Continuous glucose
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monitoring glycemic metrics were obtained from Tidepool
or Clarity over a two-week period at each study visit and
included the mean glucose level, percent time above range
(between 180 and 250 mg/dl and >250 mg/dl), percent time
in range (70-180 mg/dl), and percent time below range
(between 54 and 70 mg/dl and <54 mg/dl), along with stan-
dard deviation and coefficient of variation to account for
changes in glucose variability. Glucose management indica-
tor (GMI), an approximation of the Alc level based on the
average glucose readings obtained from the CGM device,
and Alc were collected if available, as markers of glycemic
control 23

Validated pre-intervention and post-intervention surveys
included physical activity questionnaires,®! the Dietary
Screener Questionnaire,’” Problem Areas in Diabetes for
teenagers (PAID-T) to assess diabetes distress,*® and the
Pediatric Quality of Life inventory (PedsQL) which is vali-
dated in T2D.** Surveys rating user experience, satisfaction
in diabetes management, and the likelihood to continue
CGM use or recommend the device to a friend were com-
pleted at the end of the study.

Focus Groups

At the end of the study, all participants (AYAs and their
parents/caregivers) were invited to join one of two optional
online focus groups via secure videoconferencing to dis-
cuss their experiences in the study and to add contextual
detail and information to supplement survey findings. The
purpose of the focus group was to further explore research
questions about device acceptance, opportunities to edu-
cate patients, and ways to promote behavior change and
improvement of clinical outcomes. Each group consisted
of two to three participants, as smaller groups are recom-
mended to better facilitate online conversation, and lasted
45 to 60 minutes.*> Focus groups began with AYAs alone,
and caregivers were invited to join for the last 15 minutes
of the group. We offered the focus group in both English
and Spanish, but only groups conducted in English were
needed.

During the focus group, questions posed by two facili-
tators (H.C. and J.C.W.) addressed the participants’ over-
all reaction to wearing the device, experiences and
challenges in learning how to use the CGM device, and
their emotional, physical, and behavioral responses to
being able to view their glucose levels and be alerted to
high and low glucose levels. All focus group participants
were asked if they would like to continue wearing the
device, if they requested a prescription for CGM from
their providers upon completion of the study, and if they
would recommend CGM to other patients with T2D. At
the end of the AYA focus groups, the caregivers were
given the option to speak with the facilitators and provide
their perspectives on using CGM.

Statistical Analysis

Statistical analysis was performed using Stata 16.0 (StataCorp,
College Station, TX, USA). Comparisons of glycemic met-
rics in two-week periods between the blinded run-in period
and the end of the study were compared, using two-sided
unpaired ¢ tests. Survey scores were also compared using
two-sided unpaired ¢ tests. A P value <.05 was considered
statistically significant.

Focus group data were analyzed by using a thematic con-
tent analysis.’® Data were reviewed independently by the
authors, an interdisciplinary team of medical researchers and
a social scientist (C.P.), using a constant comparison analysis
to create codes, categories of codes, and broader themes that
express findings across focus groups, as well as to compare
focus group findings across members of the research team.’’

Results

A total of nine participants with T2D, a median age of 19.1
(IQR 16.8-20.5) years, and a baseline mean Alc of 11.9%
(*£2.8%) were enrolled in the study. The majority of partici-
pants had public insurance, and one third primarily spoke
Spanish at home (Table 1). The median duration of diabetes
was 2.5 (1.4-6.0) years (Table 1). Forty-four percent of par-
ticipants were using both basal-bolus insulin regimens given
by multiple daily injections at baseline, and 22% used basal
insulin only. At baseline, 33% of participants reported not
regularly checking their BG at all, 22% reported checking
their BG one to two times per week, and 44% reported check-
ing their BG one to three times per day. Of the nine enrolled
participants, two were lost to follow-up during the COVID-
19 pandemic prior to the completion of any follow-up study
visits after enrollment.

Survey Data

All seven participants reported using the CGM device at the
end of the 12-week intervention. Participants demonstrated
statistically significant improvement in the PedsQL diabetes
score, increasing from 70 to 75 after using the CGM device
(P = .026). There were no statistically significant changes in
glycemic metrics before and after CGM use (see Supplemental
Material), in physical activity scores, dietary surveys, or
reported medication adherence. Due to the small sample size,
no conclusions could be drawn between the frequency of BG
meter use at baseline and changes in outcome measures. The
final CGM data were available for five of seven participants;
two participants were unable to upload their CGM data
remotely, or their transmitters were lost. Of those with CGM
data, CGM usage was 80% in a two-week period at study
completion.

Of those who completed the satisfaction survey (n = 7),
100% had a positive experience with CGM, found it easy to
use, found it useful, and desired to continue to use CGM in
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Table I. Participant Characteristics.

n=29

Median age (years) 19.1 (16.8-20.5)
Female sex 78%
Diabetes characteristics

Median duration of diabetes (years) 2.5 (1.4-6.0)
Mean baseline Alc (%) 119 =28
Mean baseline time above 180 mg/dL 84 13
(%)
Mean baseline time in range, 70-180 mg/ 16 = 14
dl (%)
Mean baseline time below 70 mg/dL (%) 0
Using insulin by multiple daily injections 44%
(basal-bolus)
Using basal insulin only 22%
Using metformin 67%
Using liraglutide 1%
Public insurance 67%
Race and ethnicity
Hispanic/Latinx 44%
Non-Hispanic Black or African 22%
American
Asian 1%
Non-Hispanic White or Caucasian —
More than one race, non-Hispanic? 22%
Spanish as primary language at home 33%
Parent with at least some college 33%
education

Data are given as median values (interquartile range), mean =* standard
deviation values, or frequencies (%). Medication regimens were self-
reported in baseline surveys.

*Black and Asian, Black and Pacific Islander.

the future. Eighty-five percent were extremely likely to rec-
ommend real-time CGM to friends (Figure 3). Sixty-seven
percent of participants self-reported eating fewer meals
while using the CGM device.

Focus Group Data

Five AYAs participated in the optional focus groups. While
some CGM users experienced challenges with initial use,
such as difficulty attaching the device and keeping it on
while exercising or doing other activities like bathing, four
of five focus group participants said they wore the CGM for
“the majority of the time,” all wanted to continue using it,
and all participants would recommend it to other patients
with T2D. Using this device was “easier” than using a glu-
cose meter throughout the day, a word all patients used to
describe CGM, indicating improvement in quality of life.
For example, one female participant said, “[I]t was relieving
not to have to do finger stick[s]. . .I really liked that. That
made [me] feel happier, not having to do that every single
day, multiple times a day.”

All focus group participants also said CGM use made
them more aware of their glucose levels and encouraged
them to modify their behaviors, including selecting healthier
foods, exercising, and taking medications. One female
patient said, “[W]hen I saw my numbers. . .I was like, I need
to eat healthier. I want to see my numbers change.” Another
male patient said when he connected the CGM to his phone,
he noticed his glucose numbers more because he was already
“constantly” on his phone and that “everything was [on] a
graph” which helped him understand his body’s response to
meals and what happened when he took medication. He
explained, “[W]ith my metformin and insulin it would show
the decrease [on] the graph, visually. I’'m a visual learner so
it helped me a lot.” Another female participant said that if she
received an alert that her glucose was high, she would “go
for a walk or something” and “the numbers [would] level
out.”

Two participants noted that prior to the study, they had no
knowledge of the existence of CGM and were thankful for
having access through the study. The legacy of mistrust of
research and lack of opportunities for AYAs with T2D to par-
ticipate in research was also noted. One parent stated, “I’m
always skeptical or I have my doubts whenever there’s some-
thing that they want to test on my kids [. . .] I don’t want my
kids to be guinea pigs [. . .] We are thankful and appreciative
we got the opportunity.”

Through this process, we noted the salience of the follow-
ing themes: feasibility, quality of life, and behavior modifi-
cations. For example, when AYAs mentioned the amount of
time they wore the CGM device during the study (for most,
the majority of the time), we noted this as evidence of the
feasibility for AYAs with T2D to consistently use a CGM
device, if prescribed. Through this analysis, we found evi-
dence supporting our hypotheses that devices would be read-
ily accepted, devices provide opportunities to educate AYAs
with T2D, and CGM use by AYAs with T2D has the potential
to support behavior changes and improve clinical outcomes.

Discussion

This pilot feasibility study evaluated three months of real-
time CGM use in AYAs with T2D, providing the first analy-
sis of real-time CGM use in this population. Our results
suggest that for those AYAs with T2D who are interested,
real-time CGM is both feasible and acceptable. Participants
who completed the intervention noted a high degree of satis-
faction and demonstrated sustained use of the devices.
Notably, half of the participants were enrolled during the
COVID-19 pandemic, which is known to have negatively
impacted mental health and diabetes self-management.33-40
Even with the challenge of the pandemic, participants in our
study reported modest improvements in their quality of life
during three months of using real-time CGM. This result was
supported by both validated measures and focus group data.
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Use of rt-CGM Quantitative Feedback

Number of Participants

W Very Positive/Strongly Agree M Positive/Agree m Neutral

3 4 5 6 7 8

Negative/Disagree Very Negative/Strongly Disagree

Figure 3. Quantitative feedback regarding the use of real-time continuous glucose monitoring (rt-CGM). Abbreviation: rt-CGM, real-

time continuous glucose monitoring.

Our results showing the positive impact of CGM on patient-
oriented outcomes parallel findings in other populations,
including improved quality of life in children with T1D*! and
higher treatment satisfaction in adults with T2D.!3

Although we did not observe changes in self-reported
exercise, eating patterns, or medication adherence, the par-
ticipants in the focus group interviews did express a desire to
change their eating and exercise patterns based on their visu-
alized glucose patterns. Quantitative outcome measures for
exercise and eating patterns may have been affected by the
COVID-19 pandemic, which generally has led to reduced
exercise and healthy eating patterns in AYAs.**** Future
studies of real-time CGM use in AYAs with T2D in the post-
pandemic era could be designed to prompt participants to
notice BG patterns in response to food and exercise.

The ability to access CGM data remotely has the potential
to improve diabetes management for AYAs with T2D.
Patients with T2D have high rates of missed clinic appoint-
ments.* Telehealth interventions have improved glycemic
control for patients with T2D* and can lead to higher rates of
visit attendance.*’*8 Adolescents and young adults, including
those from lower-income households, generally have access
to smartphones compatible with video platforms used for
telehealth visits.** Conducting telehealth visits with remotely
acquired CGM data can increase the interaction with the
clinic team and enhance the quality of visits for AYAs with
T2D. In our study, some participants had difficulty uploading
CGM data remotely. In clinical practice, adequate education
and support must be provided to AYAs and families regard-
ing viewing, collecting, and sharing CGM data. With this
support, CGM data could enable diabetes teams to provide
more meaningful support to AYAs with T2D, even when they
are unable to physically come to the clinic.*

Historically, it has been challenging to recruit and retain
AYAs with T2D in clinical studies.’? Indeed, in this study,
two of the nine enrolled were lost to follow-up. Some of this

difficulty was likely due to public health restrictions during
the COVID-19 pandemic, but concerns about new technol-
ogy and uncertainty about research might have also played
a role. There is an overrepresentation of adolescents with
T2D who come from lower-income households, have pub-
lic insurance, have parents with lower levels of education,
and are from historically marginalized racial and ethnic
groups.’-32 Recruitment barriers in this population include a
lack of awareness of research and hesitance to participate
due to past medical trauma. Systemic racism and implicit
bias in clinicians and researchers toward these populations
may also play a role.>® Despite these challenges, we success-
fully recruited a racially and ethnically diverse cohort of par-
ticipants who were majority publicly insured, reflective of
the population living with T2D. The positive response to the
technology and willingness to continue to use it shows that
researchers and clinicians need to be aware of bias in design-
ing studies and offering treatment options such that all
patients have equitable access and opportunity.

This study has limitations. As a pilot study, the sample
size was small, and it was not powered to detect statistically
significant changes in glycemic metrics. Because the objec-
tive was to assess feasibility of using CGM, the high-glucose
alert on the CGM devices was initially set to 400 mg/dl to
prevent alarm fatigue. Setting the high-glucose alert to a
lower glucose value might have prompted greater change in
dietary and exercise behaviors. Participants had contact with
the research team at regular intervals, which was needed,
given the large volume of CGM data presented to partici-
pants.>* This frequent contact, including text message
reminders, could have influenced quality-of-life measures
and improved patient satisfaction. Selection bias might have
influenced the focus group results and may not represent the
opinions of the total cohort. Future studies with comparisons
to standard-of-care control groups are needed to address
these issues.
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CGM use in AYAs with T2D warrants further assessment
in larger randomized controlled trials over longer periods of
time. These studies could show the potential benefits of
CGM in AYAs with T2D, potentially reducing long-term
complications and costs to the healthcare system. Current
payor restrictions for CGM use in children with T2D may
ignore the burden that BG monitoring places on individu-
als.> Finally, our study participants report a desire to see
more research involving AYAs with T2D. These future stud-
ies of CGM and other diabetes technologies should include
evaluation of effectiveness, design, and adaptation to the
patient population, and tailored education supporting the
continued use of the technology for AYAs living with T2D.%

Conclusion

Real-time CGM is feasible and acceptable for AYAs with
T2D. Modest improvements were seen in quality of life,
and focus group participants expressed a desire to change
their diet and exercise in response to glucose trends.
Larger randomized controlled trials are needed to assess
real-time CGM effects on glycemic outcomes and life-
style modifications.
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