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Objective. To further evaluate glycemic outcomes during the observational extension phase of the Continuous Glucose Monitoring
(CGM) Intervention for Teens and Young Adults randomized clinical trial (RCT). Subjects and Methods. Following a 26-week RCT
comparing CGM with blood glucose monitoring (BGM) in 153 adolescents and young adults aged 14 to <25 years old with
suboptimally controlled type 1 diabetes, 70 (89%) participants in the BGM group initiated use of CGM (referred to as BGM-CGM
cohort), and 70 (95%) participants in the CGM group continued to use of CGM (CGM-CGM cohort) for an additional 26 weeks.
Results. In the CGM-CGM cohort, mean hemoglobin Alc (HbAlc) decreased from 8.9% £ 0.9% (74 £ 9.8 mmol/mol) at ran-
domization to 8.3% £ 1.3% (67 + 14.2 mmol/mol) at 52 weeks (p<0.001); however, significant improvement in time in target
range (TIR) 70-180 mg/dL was not observed from prerandomization (38% = 13%) to 52 weeks (41% = 18%). Median percent time
<70mg/dL decreased from 3.0% before randomization to 1.1% at 52 weeks (p<0.001). In the BGM-CGM cohort, mean HbAlc
decreased from 8.9% + 1.2% (74 £+ 13.1 mmol/mol) before CGM initiation to 8.5% + 1.3% (69 4 14.2 mmol/mol) after 26 weeks of
CGM use (p<0.001) and mean TIR increased from 34% £ 12% to 38% % 15% (p =0.01). The median percent time <70 mg/dL
decreased from 3.3% before CGM initiation to 1.2% after 26 weeks of CGM use (p<0.001). No participants discontinued CGM use
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during the extension phase. Conclusions. This further evaluation of CGM supports the findings of the preceding RCT that use of
CGM improves glycemic control and reduces hypoglycemia in adolescents and young adults with type 1 diabetes. This trial is

registered with NCT03263494.

1. Introduction

Substantial improvements in continuous glucose monitoring
(CGM) technology have demonstrated enhanced performance
with both greater accuracy and convenience. These advances led
to FDA approval in 2016 for individuals to use glucose values
obtained by CGM for insulin dose decisions without confirma-
tory blood glucose monitoring (BGM) via use of a blood glucose
meter [1]. The CGM Intervention for Teens and Young Adults
(CITY) study was conducted to assess whether a more recent
CGM model was effective in improving glycemic control among
adolescents and young adults with type 1 diabetes. The 6-month
randomized clinical trial (RCT) included 153 adolescents and
young adults aged 14 to <25 years with type 1 diabetes at 14 US-
based endocrinology centers. Findings from the RCT phase,
which have been previously published, demonstrated significant
reductions in hemoglobin Alc (HbAlc) (primary outcome for
RCT, improvement in time in target glucose range (TIR)
70-180 mg/dL, and reductions in CGM-measured hypoglyce-
mia among participants using real-time CGM compared with a
group using standard BGM [2].

The RCT was followed by a 6-month extension phase to
assess longer-term outcomes in the CGM group and to allow
the BGM group to crossover to using CGM. The aim of the
extension phase for the CGM cohort was to assess if the
beneficial glycemic results observed during the RCT were
lasting over a longer period. The aim of the extension phase
for the BGM cohort was to assess if a similar glycemic benefit
could be achieved following crossover from using BGM to CGM.
Glycemic outcomes for both cohorts over the full 52-week period
including the RCT and extension are reported herein.

2. Methods

The protocol and informed consent and assent forms were
approved by a central Institutional Review Board (IRB) and
site IRB where required. The protocol is available at https://
public.jaeb.org/datasets/diabetes and details are provided on
clinicaltrials.gov (NCT03263494). We followed the meth-
ods of Miller et al. [3].

The randomized trial included 153 participants, at 14 US-
based centers, with a clinical diagnosis of type 1 diabetes, age
14 to <25 years, diabetes duration >1 year, use of either an
insulin pump or multiple daily insulin injections, total daily
insulin requirement >0.4 units/kg/day, no use of real-time
CGM in the 3 months before enrollment, and HbAlc 7.5%
to <11.0% (58 to <97 mmol/mol). At the start of the RCT,
individuals were assigned in a random manner to either uti-
lize CGM with Dexcom G5 or to use BGM alone. Out of the
74 participants in the CGM group, 71 successfully completed
the 26-week RCT, while 79 participants were in the BGM
group, with 71 of them successfully completing the trial.

A 26-week extension phase followed the 26-week RCT
and included 140 of the 142 participants completing the

RCT. In the extended phase of the trial, participants from
the original BGM group began using CGM, forming what is
referred to as the BGM-CGM cohort. Meanwhile, partici-
pants from the original CGM group continued their CGM
usage, constituting the CGM—CGM cohort. During the obser-
vational extension phase, all participants used the Dexcom G6
CGM (Dexcom, Inc., San Diego, CA) instead of the Dexcom
G5 due to ease of burden on participants, given the removal of
need for twice daily calibrations, and availability of devices.

Throughout the 52-week follow-up period, every partici-
pant underwent in-clinic study visits at 4, 6, 13, 26, 39, and
52 weeks. In the BGM group, a masked CGM device was
worn for a span of 1 week after the 13-week visit and for a
period of 2 weeks leading up to the 26-week visit (with a
clinic visit scheduled at the 24-week mark for the placement
of the CGM device). Roughly 2 weeks after initiating CGM
usage, participants attended an additional in-clinic study
visit for supplementary training. Training on real-time
CGM was provided using standardized materials developed
for the study. In addition, CGM participants received a
handout at each study visit highlighting the benefits and
features of CGM, such as the reduced need for finger stick
BGM and the utility of the smartphone CGM application.

Adverse events specified in the protocol as reportable
were hyperglycemia involving treatment at a healthcare facil-
ity or met the Diabetes Control and Complications Trial
definition for diabetic ketoacidosis [4], severe hypoglycemia
(specified as an event involving altered consciousness that
necessitated assistance of treatment from another person),
device-related events impacting safety, and all serious adverse
events irrespective of causation.

3. Statistical Analysis

HbA1c outcomes included continuous HbAlc and percentages
of participants meeting HbA ¢ target (<7.0% (<53 mmol/mol)
and <7.5% (<58 mmol/mol)). CGM-measured outcomes
included percent of TIR (70-180mg/dL), percent of time
in hypoglycemia (<70 and <54 mg/dL), and percent of time
in hyperglycemia (>180, >250, and >300mg/dL). Mean
glucose and coefficient of variation also were calculated.
Furthermore, consensus guideline targets for time in vari-
ous ranges were explored as a secondary outcome, including
the percentage of participants with more than 70% TIR
70-180 mg/dL, the percentage of participants with less than
4% time <70mg/dL, and less than 1% time <54 mg/dL.
Frequency of hypoglycemic episodes per week, defined as 15
consecutive minutes with a sensor glucose value <54 mg/dL,
was calculated. Additional analyses of glycemic outcomes
included stratification by daytime (6 am to 12 midnight) and
nighttime (12 midnight to 6 am) for percent TIR 70-180 mg/
dL and percent of time in hypoglycemia (<70 and <54 mg/dL).

Baseline CGM-measured results were determined based on
the masked data gathered over a 2-week screening phase. For
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subsequent visits during the use of real-time CGM, outcomes
were computed by combining data from the preceding 4 weeks
at the 6, 13, 26, 39, and 52-week intervals for the CGM—-CGM
group, and at the 26 and 39-week visits for the BGM-CGM
group. Regarding the BGM cohort, CGM outcomes were cal-
culated for the 13 and 26-week assessments using information
from the 2-week duration of masked CGM usage. Central
laboratory HbAlc was measured at randomization and
13, 26, 39, and 52 weeks at the University of Minnesota
using the Tosoh Alc 2.2 Plus Glycohemoglobin Analyzer.

Change in glycemic outcomes within cohorts were eval-
uated using a paired t-test, signed rank test, or McNemar’s
test, as appropriate. Baseline measurements were assessed
before randomization and analyses included only those com-
pleting the 52-week visit. Analyses were conducted with
SAS software version 9.4 (SAS Institute Inc., Cary, NC)
and adjustment for multiple comparisons were made using
the adaptive Benjamini and Hochberg [5] procedure.

4. Results

Of the 153 participants who initiated the trial, 142 partici-
pants completed the 26-week RCT Of the 142 completing the
RCT, 140 initiated the extension phase, 70 of 71 (99%) in the
CGM-CGM cohort and 70 of 71 (99%) in the BGM-CGM
cohort. All 140 participants who initiated the extension
phase completed 52 weeks of follow-up. The age range of
the 140 participants at the start of the extension phase was
14-25 years, 49% were female, 63% non-Hispanic white, and
54% used an insulin pump. Table S1 describes the participant
characteristics for each cohort.

4.1. Glycemic Outcomes in CGM—CGM Cohort. Among the 70
individuals belonging to the CGM—-CGM cohort, the average
HbA1c level decreased from 8.9% =+ 0.9% (74 + 9.8 mmol/mol)
during the RCT’s initial baseline measurement to 8.5% + 1.2%
(69 4= 13.1 mmol/mol) at the 26-week mark, and further to
83%+1.3% (67 £+ 14.2mmol/mol) at the 52-week stage
(p<0.001 for RCT baseline vs. 52 weeks; p =0.27 for 26 vs.
52 weeks; as shown in Table 1). In addition, a notable rise was
evident in the proportion of CGM—CGM participants with
HbA Ic levels below 7.0% (<53 mmol/mol) and below 7.5%
(<58 mmol/mol) from the RCT baseline to the 52-week
period (as detailed in Table 1 and shown in Figure 1(a)). The
average TIR between 70 and 180 mg/dL was 38% (equivalent
to 9.2 hr per day) at the start of the study, increased to 42%
(equivalent to 10.2hr per day) at the 26-week mark, and
remained at 41% (equivalent to 9.8hr per day) by the
end of the 52-week period for the CGM-CGM group
(p-values > 0.05 for baseline vs. 52 weeks and 26 vs. 52 weeks,
as indicated in Table 1). Initially, before the introduction of
real-time CGM, none of the participants in the CGM-CGM
cohort achieved a TIR exceeding 70%, but this improved to
9% achieving more than 70% TIR by the 52-week milestone
(p=10.03, as shown in Table 1 and Figure 1(a)). No significant
alterations in TIR were observed for either daytime (6 am to
12 midnight) or nighttime (12 midnight to 6 am) hours from
the beginning to the end of the 52-week period, nor from the
26-week to the 52-week stage (as detailed in Table 1). The

median percentage of time spent below 70 mg/dL decreased
from 3.0% (equivalent to 43 min per day) at RCT baseline to
2.1% (equivalent to 30 min per day) at the 26-week mark, and
further to 1.1% (equivalent to 16 min per day) by the end of
the 52-week period (p<0.001 for baseline vs. 26 weeks; p =
0.04 for 26 vs. 52 weeks; as detailed in Table 1 and Figure SI).
Significant decreases also were noted in the percentage of time
spent below 54 mg/dL and in the occurrence of hypoglycemic
events defined by CGM data. A greater number of partici-
pants reached the hypoglycemia targets (i.e., spending less
than 4% of time below 70 mg/dL and less than 1% of time
below 54 mg/dL) from the study’s start to the 52-week time
point (as shown in Table 1 and Figure 1(a)). The reduction in
time spent below 70 mg/dL and below 54 mg/dL from baseline
to 52 weeks was observed when analyzed separately for day-
time and nighttime hours (as detailed in Table 1). Significant
changes in CGM-measured hyperglycemia (% >180, >250,
and >300mg/dL) from RCT baseline to 52 weeks were not
observed in the CGM-CGM cohort.

4.2. Glycemic Outcomes in BGM—CGM Cohort. Out of the
70 participants within the BGM-CGM cohort, the average
HbAI1c level decreased from 8.9% 4+ 1.2% (74 4+ 13.1 mmol/
mol) at the initiation of the extension phase (before real-time
CGM introduction) to 8.5% +1.3% (69 4 14.2 mmol/mol)
at the 52-week visit, which was 26 weeks after the com-
mencement of real-time CGM usage (p<0.001, as indicated
in Table 2). A greater percentage of participants achieved an
HbA1c level below 7.5% (<58 mmol/mol) at the conclusion
of the extension phase (52 weeks) in comparison to the
beginning of the extension phase (26 weeks) (as shown in
Table 2). However, no notable differences were observed in
the proportions of participants achieving HbA1c levels below
7.0% (<53 mmol/mol) (as detailed in Table 2 and shown in
Figure 1(b)). The average percentage of time in range (TIR)
between 70 and 180 mg/dL increased from 34% (equivalent
to 8.1 hr per day) at the 26-week time point, before the com-
mencement of real-time CGM, to 38% (equivalent to 9.1 hr
per day) at the 52-week time point (p =0.01, as detailed in
Table 2). None of the participants in the BGM—CGM cohort
achieved a TIR exceeding 70% either at 26 weeks before real-
time CGM use or at 52 weeks following 6 months of CGM
use (as shown in Table 2 and Figure 1(b)). Similar improve-
ments in TIR were observed when analyzed separately for
daytime and nighttime hours (Table 2).

The median percentage of time spent below 70 mg/dL
decreased from 3.3% (equivalent to 47 min per day) before
CGM utilization (at 26 weeks) to 1.2% (equivalent to 18 min
per day) after approximately 26 weeks of CGM usage (at
52 weeks) (p<0.001 for 26 vs. 52 weeks, as shown in Table 2
and Figure S2). Significant reductions also were evident in the
percentage of time spent below 54 mg/dL and in CGM-defined
hypoglycemic events. Before CGM implementation at the 26-
week masked CGM assessment, 52% of the BGM—CGM cohort
maintained less than 1% of time below 54 mg/dL, while this
proportion increased to 87% at the 52-week assessment
(p<0.001, as detailed in Table 2 and Figure 1(b)). A similarly
noteworthy outcome was observed for the goal of less than 4%
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0% 0% 0%

TIR > 70% HbAlc <7.0%

CGM-CGM

100

90

Participants (%)

<1% of time in serious
hypoglycemia (<54 mg/dL)
CGM-CGM

(<70 mg/dL)

(b)

<4% of time in hypoglycemia

TIR > 70% HbAlIc < 7.0%

BGM-CGM

87%

<1% of time in serious
hypoglycemia (<54 mg/dL)
BGM-CGM

<4% of time in hypoglycemia
(<70 mg/dL)

FIGURE 1: Proportion of participants achieving glycemic targets in each cohort. (a) Time-in-Range more than 70% of 24 hr period and HbAlc
below 7.0%. (b) Less than 1% of time in serious hypoglycemia (<54 mg/dL) and less than 4% of time in hypoglycemia (<70 mg/dL). Solid
black bar represents Baseline. Solid dark grey bar represents 26-week visit. Solid light grey represents 52-week visit.

of time spent below 70 mg/dL, with 80% of participants achiev-
ing this target at 52 weeks compared with 49% at 26 weeks
before CGM initiation (as indicated in Table 2 and Figure 1(b)).
Reductions were observed for both CGM-measured daytime
and nighttime hypoglycemia (Table 2).

4.3. Sensor Use and Insulin Dose for Both Cohorts. During the
28 days leading up to the 26-week assessment, participants

in the CGM-CGM group utilized the Dexcom G5 CGM
for a median of 79% of the time (Table 3). This proportion
increased slightly to a median of 86% of the time by the
52-week mark, during which participants transitioned to
using the Dexcom G6 CGM. However, this difference did
not achieve statistical significance (p =0.17). By the 52-week
point, a substantial majority of CGM—CGM participants,
specifically 91% of those with 52-week visit, were still using
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CGM. Participants in the BGM-CGM group utilized the
Dexcom G6 CGM for a median of 91% of the time during
the 28 days leading up to the 52-week evaluation (as indicated
in Table 3). By the 52-week time point, an overwhelming
majority of BGM—CGM participants, specifically 99% of those
with a 52-week visit, were still using CGM. At the 52-week
mark, 88% of participants in the CGM—CGM cohort and 68%
of participants in the BGM—CGM cohort were utilizing the
Dexcom Mobile® application on their mobile phones to mon-
itor their glucose levels, either alongside or instead of using
the CGM receiver. In both cohorts, more than 60% of the
participants opted to share their glucose readings with
another individual using the Dexcom share/follow applica-
tions. As the study concluded, a majority of participants had
adopted CGM for insulin dosing without relying on BGM
finger stick confirmation, with 97% of individuals in both the
CGM-CGM cohort and the BGM—-CGM cohort making this
choice. There was little to no change in total daily insulin dose
per kilogram of body weight from baseline to 52 weeks in the
CGM-CGM cohort (0.82-0.89 median units/kg per day) and
from 26 to 52 weeks in the BGM-CGM cohort (0.89-0.84
median units/kg per day) (Table S2).

4.4. Safety Outcomes. Over the course of the 52-week period
in the CGM—CGM cohort, there were four participants who
reported severe hypoglycemic events with impaired cogni-
tion requiring assistance from another person for treatment.
Among these cases, three occurred during the RCT phase,
while one occurred during the extension phase. In the
BGM-CGM cohort, there was one participant who reported
a severe hypoglycemic event during the RCT phase, and no
such events were reported during the extension phase after
CGM initiation.

Within the CGM-CGM group, three participants expe-
rienced episodes of DKA during the RCT phase, and one
participant experienced DKA during the extension phase.
In the BGM—CGM cohort, one participant experienced DKA
during the RCT phase, and there were no instances of DKA
during the extension phase. A comprehensive overview of
adverse events can be found in Table S3.

5. Discussion

This observational extension followed the completion of an
RCT comparing CGM and BGM in adolescents and young
adults, ages 14-25 years with type 1 diabetes. The results of
the extension phase, which further evaluated CGM use, sup-
port the findings of the preceding RCT in which CGM was
shown to be effective in reducing HbA1c as well as hypogly-
cemia; however, very few participants achieved the HbAlc
glycemic target of HbAlc <7.0% (<53 mmol/mol), highlight-
ing the challenges of self-care behaviors in adolescents and
young adults with type 1 diabetes.

The extension phase included the two cohorts from the
6-month RCT, those initially randomized to CGM and to
BGM. First, it is notable that >90% of both cohorts provided
data for the 52-week outcomes, especially given the recog-
nized challenges and frequent gaps in care during adoles-
cence and young adulthood [6]. In the CGM—CGM cohort

Pediatric Diabetes

that used CGM during both the RCT and extension phase,
improvements in HbAlc were maintained from 26 to 52
weeks of follow-up, without increase in hypoglycemia as
the reduction in time <70 mg/dL was further reduced from
26 to 52 weeks. The cohort using BGM during the 26-week
RCT phase experienced similar glycemic benefit and reduc-
tion in hypoglycemia following 26 weeks of CGM use after
real-time CGM initiation at the end of the antecedent RCT.
Furthermore, for this cohort the initiation and ongoing sup-
port for CGM use mirrored implementation generally deliv-
ered during routine clinical care with fewer contacts than in
the first 6 months of the RCT for the CGM—-CGM cohort.
The results of this extension study are supported by findings
from previous trials and real-world data. The DIAMOND
study which evaluated CGM among 158 adults using multi-
ple daily injections reported improvements in HbAlc and
decreased time spent in hypoglycemia, however, this study
used an older version of Dexcom CGM and did not include
individuals <25 years of age [7]. A 7-year retrospective study
examining the benefit of CGM initiation within 1 year of
diagnosis among 396 individuals (94%, <18 years of age)
found the observed reduction in HbAlc following CGM use
was maintained over a 7-year period compared with indivi-
duals not using CGM [8, 9].

In this study, 70% of participants in both cohorts used
CG Man average of 6 or more days per week at the 52-week
time point. The major prior large randomized trial in this age
group was the JDRF CGM RCT conducted over a decade ago
[10]. In that trial, a glycemic benefit of CGM was not seen in
adolescents and young adults. However, only 30% of that
study’s cohort used the CGM device in that study regularly
(67 days/week), substantially lower than was seen in the current
trial. In the more recent United Kingdom-based MILLENNIALS
Study, 31 participants wore Dexcom G6 CGM an average of 86%
of the time and significant improvements in time in range and
HbAlc were observed over the 8-week crossover trial [11].
Although smaller, the MILLENNIALS study had similar CGM
use and glycemic improvements to our study.

The acceptance of CGM as well as the durability of CGM
use in vulnerable adolescents and young adults with type 1
diabetes speaks to the improved performance of available
CGM devices that seem to offer the opportunity for improved
self-care without increasing management burden [12-14].

The Dexcom mobile app was used by over two-thirds of
participants at 52 weeks (CGM-CGM: 88%; BGM-CGM:
68%). The handy access to glucose levels on a smartphone
also likely matches the preferences of adolescents and young
adults, who prefer to appear like their peers rather than use
a medical device in social settings [15]. Furthermore, at
52 weeks, nearly two-thirds of both cohorts using the mobile
app were using the SHARE function that allows glucose
values to be viewed by others designated by the CGM user.
The ability to remotely share real-time glucose data has
important implications for college-aged youth who may live
away from home but still benefit from a caregiver receiving
out of range alerts for low or high glucose values, as long as
these follow-up reminders from the caregivers are helpful and
not considered intrusive [16]. In a retrospective analysis of
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15,000 youth and adolescents using Dexcom CGM, the Dex-
com SHARE feature was associated with higher TIR [17].
Future research can address interventions designed to provide
guidance for insulin dosing based on the CGM data as well as
ways for caregivers and others receiving remote CGM data to
support their loved ones with diabetes self-management.

The strengths of this study include its multicenter design
(14 sites), high rate of retention, and diverse population with
the study cohort including more than a third of participants
from under-represented racial and ethnic groups and 42%
having public insurance. However, there are a few limita-
tions. A different Dexcom CGM system was used during
the RCT (Dexcom G5) than used during the extension phase
(Dexcom G6). The G6 system, unlike the G5, did not require
twice daily BGM calibrations and included an automated
sensor insertion device, although both the G5 and G6
allowed for nonadjunctive use. The switch to G6 may have
impacted use of the device in a positive direction. Yet, the
integration of the latest available technology for the observa-
tional extension phase allows the results generated to be
more easily translated to clinical practice. In addition, this
study did not assess other models of real-time CGM or inter-
mittent scanning CGM.

This extension study further demonstrates that real-time
CGM improves HbAlc and reduces hypoglycemia among
adolescents and young adults with type 1 diabetes. The
results of the 6-month RCT and the sustained benefit over
the 12-month period provide strong evidence for CGM use
as a standard of care for adolescents and young adults with
type 1 diabetes. Continued research, innovation in therapy,
and quality improvement interventions are needed to achieve
clinical targets safely and effectively, including HbAlc <7.0%
(<53 mmol/mol), for this population.

Data Availability

Data supporting the results can be found at https://public.jae
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