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Abstract

Purpose of Review—Continuous glucose monitors (CGM) are transforming diabetes
management, yet adolescents and young adults (AYA) with type 1 diabetes (T1D) do not
experience the same benefits seen with CGM use in adults. The purpose of this review is to
explore advances, challenges, and the financial impact of CGM use in AYA with T1D.

Recent Findings—CGM studies in young adults highlight challenges and suggest unique
barriers to CGM use in this population. Recent studies also demonstrate differences in CGM use
related to race and ethnicity, raising questions about potential bias and emphasizing the importance
of patient-provider communication. Cost of these devices remains a significant barrier, especially
in countries without nationalized reimbursement of CGM.

Summary—NMore research is needed to understand and address the differences in CGM
utilization and to increase the accessibility of CGM therapy given the significant potential benefits
of CGM in this high-risk group.
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Introduction

In 2015, the Type 1 Diabetes Exchange Clinical Registry reported that only 17% of
adolescents and 14% of young adults (YA) with type 1 diabetes (T1D) met glycemic
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goals [1]. Updated data in 2019 demonstrated worsening glycemic control in these age
groups [2¢¢]. While technologies such as continuous glucose monitors (CGMs) have been
shown to improve glycemic control, adolescents and young adults (AYAS) are the least
likely age groups to use this technology [2¢¢]. Over the last 20 years, CGM technology

has significantly evolved, progressing from physician-use monitoring systems to personal
devices that allow for real-time monitoring of interstitial glucose (Fig. 1). While AYAs are
increasing their use of these devices, the 2016-2018 T1D Exchange analysis found only
22-24% of AYAs reported using CGM compared to 51% of children (<age 6) and 37% of
26-50-year-olds [2¢¢]. Studies in adults using CGM have demonstrated improved glycemic
control, decreased hypoglycemia, and improved patient-reported outcomes such as quality
of life; however, early CGM studies in AYAs failed to show similar benefits despite using
the same technology [3, 4]. Given the risk for poor glycemic control in this population,
understanding barriers to using these devices is key to improving adherence and ultimately
glycemic control. The purpose of this review is to explore benefits, barriers, and the financial
impact of CGM use in AYAs with T1D.

The Evolution of Continuous Glucose Monitoring Systems

Continuous glucose monitoring (CGM) systems utilize a minimally invasive glucose sensor
to measure interstitial glucose levels [5]. CGMs consist of a sensor to detect glucose levels,
a transmitter to send a signal from the sensor to the receiver, and a receiver which converts
the signal into a glucose level which is then displayed on the device. Glucose levels are
measured every 1-5 min and are continuously sent to devices such as physical receivers,
smartphones, and insulin pumps [6]. In 1999, the FDA approved the first physician-use
continuous glucose monitor [7, 8]. This device passively collected glucose values over a
series of days, and results could be viewed by patients at their doctor’s office. Since then,
CGM devices have changed dramatically (Fig. 1) with several FDA-approved devices now
available for use by patients. Personal CGM systems currently approved for use in pediatrics
in the USA are manufactured by Dexcom (the most recent Dexcom G6 is approved down
to age 2), FreeStyle Libre 2 system (approved for age 4 and above), and the Medtronic
Guardian Sensor 3 (approved for age 14 and above when used alone and down to age 2
when used with the Medtronic 770G system) [9-11].

Among these CGM devices, there are several differences; the Dexcom and Medtronic
devices are real-time CGM (rtCGM) devices, while the FreeStyle Libre devices are
intermittently scanned CGM (isCGM). RtCGMs automatically send glucose data measured
continuously to patients and provide alarms for predicted high and low blood glucose levels
based on the device algorithm [12]. In contrast, iSCGMs must be scanned by a receiver to
provide readings of glucose data and cannot predict high and low glucose levels, although
the FreeStyle Libre 2 system does now offer certain alarm features [12, 13]. Other notable
differences include the need for calibration; the Medtronic Guardian Sensor 3 requires
calibration with finger stick blood glucose every 12 h, while the FreeStyle Libre and
Dexcom G6 are factory calibrated systems. All three devices have the ability for realtime
data sharing to clinicians, caregivers, family, and friends [14]. The latest advance in CGM
technology is the development of hybrid closed-loop control (CLC) systems which allow for
automated insulin delivery based on interstitial glucose readings provided by the CGM [15].
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The first CLC system was introduced in 2013 and suspended insulin delivery with predicted
low blood glucose; since then, the technology has progressed quickly with current devices
automating basal insulin delivery and correction insulin boluses [16-18].

Over the last 20 years, CGM technology has changed significantly, progressing from devices
primarily for professional use to personal devices and most recently to devices integrated
with insulin pumps allowing for more automated insulin delivery. The hope is that with these
advanced technologies, patients will be able to better manage their diabetes with improved
glycemic control and quality of life, and decreased hypoglycemia. Although the technology
has dramatically changed and there have been many well-documented benefits of these
devices [3], barriers to successful and consistent use of these devices remain a continued
challenge in the AYA population.

Benefits of Continuous Glucose Monitor Use

Advances in continuous glucose monitoring (CGM) systems have been exponential in the
last few decades (Fig. 1) and have significantly changed the management of T1D. Research
on benefits of CGM use in adults with T1D is widespread [3, 4, 19, 20]. For example,

the landmark Juvenile Diabetes Research Foundation (JDRF) trial in 2008 demonstrated
significant reduction in hemoglobin Alc (HbA1c) in adults age 25 or older using CGM
(mean difference in HbAlc in CGM group —.53%, p<0.001 compared to controls) [3]. A
2017 study examined the effect of CGM use in adults using insulin injections and again
found significantly improved glycemic control in the group wearing CGM at the end of the
trial (HbAlc —0.6%, p<0.001) [21]. In 2014, Belgium piloted a prospective observational
study of CGM reimbursement in patients with T1D using insulin pump therapy at select
diabetes centers. The diabetes centers selected participants to participate in this pilot
(participants were required to meet some minimum criteria including diagnosis >1 year,
insulin pump therapy >6 months, poor glycemic control, and interest in CGM use). This
prospective observational study in adults with T1D demonstrated improved HbAl1c from
7.7+0.9% to 7.4+0.8% at 12 months after reimbursement of CGM (p<0.0001), with an
increased proportion of patients achieving glycemic targets (HbAlc <7%), and significant
improvement in those patients who started CGM due to poor glycemic control (8.2 to

7.6% after 12 months, p<0.0001) [4]. This study also found that fear of hypoglycemia
decreased in the total study population, with the most prominent decrease in those adults
who started on CGM because of problems related to hypoglycemia [4]. Further, CGM has
been associated with decreased time in hypoglycemia and less fear of hypoglycemia [4, 19,
20]. Finally, in a randomized trial of patients age 1875 years with impaired hypoglycemia
awareness, CGM increased time spent in normoglycemia (65.0% versus 55.4%, p<0.0001),
decreased both hypoglycemia and hyperglycemia, and decreased severe hypoglycemia [19]
as compared to self-monitoring of blood glucose. Importantly, psychosocial factors such as
quality of life and treatment satisfaction improved in studies examining effects of CGM use
in adults as well [4].

Research in youth specifically focused on the potential benefits of CGM use is less prevalent
than in adults, and the findings are less certain [22, 23]. The 2008 JDRF CGM study
described above found no difference in HbAlc in young adults wearing CGM compared
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to those who did not [3]. A more recent study evaluating the effect of CGM on HbAlc in
AYA found a small but significant decrease in those wearing CGM (=0.37%, £=0.01) [24s¢].
Similarly, in a large cross-sectional study of 1992 patients younger than 26 years old, CGM
use was associated with lower HbAlc (HbAlc 9.1% compared to 8.7%, p<.008) [25]. CGM
use has also been associated with less time spent in hypoglycemia, fewer episodes of severe
hypoglycemia, and less overnight glucometer testing in AYA [24ee, 26, 27].

Qualitative studies of CGM use in youth have demonstrated improved psychosocial
outcomes, such as reduced adolescent, parental and familial distress, lower anxiety and

fear of hypoglycemia, improved parental sleep quality, and improved quality of life [27-29].
Children and parents also reported feeling more confident with regard to blood glucose
monitoring, allowing for more child independence and delegation of care to other caregivers
[26]. In a recent study, Messer and colleagues found that adolescents with a higher perceived
benefit of CGM use exhibited less diabetes distress, higher self-efficacy (i.e., perceived
capability to carry out a certain behavior), and more positive attitudes toward technology,
while those perceiving a higher burden of CGM displayed the opposite: more diabetes
distress, less self-efficacy, and less positive technology attitudes [30].

From a broader perspective, several national prospective studies following full governmental
subsidy of CGM for people with T1D showed significant benefits on multiple levels. For
example, in a prospective cohort study in a tertiary hospital in Western Australia involving
youth (age 18 and below) with T1D, there was a significant decrease in parental fear of
hypoglycemia and improved hypoglycemia awareness in youth, as well as increased parental
and child diabetes treatment satisfaction, better parental sleep quality, and less overnight
glucometer testing [27]. Additionally, HbAlc in this sample significantly decreased from 8.4
to 8.1% (68 to 65 mmol/mol) [27]. Similarly, in a large, prospective multicenter study in
adults in Belgium, improved glycemic control and psychological outcomes, such as quality
of life, were observed after the implementation of a national reimbursement program [4, 20,
31].

Although research investigating benefits of CGM use in AYA is rapidly escalating, more
studies with diverse populations are needed to understand why the benefits seen in adults
with T1D who use CGM do not translate to this high-risk population. The difference in
outcomes in these two groups suggests the presence of unique barriers to CGM use in the
AYA population.

Challenges Associated with Continuous Glucose Monitor Use

Despite the many demonstrated benefits of CGM use, including improved glycemic control
and reduced hypoglycemia, the 2019 Type 1 Diabetes Exchange Clinical Registry data show
that AYA utilize this technology less than any other age group [2ee, 24+, 32¢], indicating that
they face unique barriers to use. In 2008, the JDRF Continuous Glucose Monitoring Study
Group conducted a randomized control trial examining the effect of CGM on HbAlc in
children and adults [3]. They found significantly improved HbA1c in those over age 25 but
not in younger participants, leading the authors to conclude that additional investigation to
barriers of CGM use in the youth population was needed. In the 8to 14-year-old group, they
observed benefits related to glycemic control (specifically more patients achieved glycemic
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targets of HbAlc of <7% and more patients had a 10% or more decrease in the HbAlc

from baseline); however, this benefit was not observed in the 15-24-year age group. Only
30% of participants in this adolescent and young adult age group wore their sensor 6 days
per week, compared to 50% in younger children and 83% in adults. Of note, the CGM
devices commonly used at this time required frequent calibration, and CGM devices have
changed significantly since this study was conducted (see Fig. 1). A subsequent study
demonstrated that wearing a CGM 75% of the time or more results in improved glycemic
control, suggesting the reason adolescents did not see the same reduction in HbAlc as adults
in this study was primarily due to inconsistent use of the devices [33].

Twelve years later (2020), a study conducted in this same age group (14—24-year-olds)
examining the effect of CGM on HbAlc found a small reduction in HbAlc (8.9% in
non-CGM users compared to 8.4% in CGM users at the end of the study; p=0.01) [24se].
Again, CGM use declined substantially over time, with 82% of participants wearing a CGM
5 days per week or more at week 6 of the trial, and only 68% wearing it with this frequency
at the end of the trial, with 14% completely stopping CGM use by the end of the trial [24ee].
Of note, the CGM devices used in this study required calibration twice daily, which was
likely a barrier to use. When applying these findings to a real-world setting, it is important to
note that participants in these studies were provided with frequent research personnel contact
and encouragement to adhere to the research intervention (CGM use), so it is likely that
adherence to a CGM in a real-world setting would be even lower than what was observed in
a rigorous study among people who agreed to use a CGM. Given these concerns, the barriers
to CGM use must be examined and mitigated as much as possible for adolescents and young
adults to realize the maximum benefits of these technologies.

Understanding unique barriers to CGM use in adolescents and young adults is critical to
increasing CGM use in this population. While several studies have examined barriers to
CGM use in adults [34, 35], few have studied barriers in AYA with diabetes. A recent cross-
sectional online study of adolescents age 12—19 years within the T1D Exchange Clinical
registry sought to explore barriers to diabetes device use in this population [36¢]. Cost was
identified as the biggest barrier to device (not specific to CGM) use reported in this group
[36¢]. The concern about cost (cost of device, insurance coverage, cost of supplies) is similar
to what is reported in adults with T1D and is explored further in the next section of this
review [37]. However, adolescents also reported concerns about their self-image, and how
others may view the diabetes devices on their bodies, at a much higher rate than adults. This
is likely related to the age and developmental stage of the adolescent or young adult [36e, 38,
39], and exploring ways to address this barrier (discussing different skin placement of these
devices, adjusting alarm settings, etc.) may be key to improving CGM use in adolescents and
young adults. Recent developments in CGM devices have addressed some of these concerns,
with improved reliability, eliminating the need for calibration, and sleeker designs, so it will
be important to determine whether use among AYAs remains low as the devices evolve.

While the studies described above focused on barriers to diabetes technology use, emerging
evidence supports concerns about racial-ethnic differences in CGM use. A recent study
examining factors that influenced glycemic control other than SES found that after
accounting for the effect of SES on glycemic control, the Hispanic and White populations
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were similar, while the Black young adult group had the poorest glycemic control

[40e¢]. The authors concluded that diabetes technology use was one of the key variables
contributing to the differences in glycemic control in this population. Only 28% of Black
participants had ever used CGM compared to 37% of Hispanic participants and 71% of
white participants (p<0.001) [40e<]. A related study examining diabetes technology use

in young adults (age 18-28) found that after adjusting for SES, significant differences
remained in CGM and insulin pump use among non-Hispanic Black young adults compared
to non-Hispanic white and Hispanic young adults [41e¢]. Their model (adjusted for age,
sex, study site, insurance, education, poverty level, health literacy, and more) predicted that,
after adjusting for the above factors, 53% of non-Hispanic white patients would use a CGM
device compared to 58% of Hispanic youth and 31% of non-Hispanic Black youth. The
underlying reasons for these disparities are not clear but cannot be solely attributed to SES;
contributing factors may include provider bias, patient preferences, and patient-provider
relationships (that may change during the transition from pediatric to adult care) [41e¢].

As noted above, numerous studies in adults and youth show significant benefit of
consistent CGM use with improved time in range, decreased hypoglycemia, and improved
psychosocial factors [3, 4, 24+¢], but several factors continue to limit CGM use in this
high-risk AYA population. While cost remains a significant barrier to use in the US medical
system (see next section), recent studies suggest that provider bias may at least in part be
driving disparities in CGM use in minority AYAs, specifically non-Hispanic Black youth.
This finding is extremely concerning and requires more investigation into provider bias and
ways to overcome both intentional and unintentional bias. Among those that are prescribed
a CGM, several barriers to use remain, which may be largely due to the developmental
stage of adolescents and young adults and their desire to not appear different from their
peers. Given the poor glycemic control typically seen in this population and the potential
improvement with continued and consistent CGM use [32¢], further research is needed

to investigate solutions to increase the use of this important technology in this high-risk
population.

Cost-Related Challenges to Continuous Glucose Monitor Use

Compared to traditional finger stick blood glucose monitoring, CGMs have proven to

offer significant improvement in diabetes management both for patients with diabetes and
their diabetes providers [2¢, 6, 42—44]. CGMs are easier for patients to use and provide
dramatically more blood glucose data for patients and diabetes providers [27]. Given these
significant benefits, it is not surprising that CGM technology has been met with enthusiasm
by both groups. However, as with any new technology in health care, cost and insurance
coverage are significant potential barriers to widespread adoption [45, 46]. Indeed, the
introduction of home monitoring of blood glucose levels in the 1970s was met with similar
patient enthusiasm, tempered by skepticism about the cost of the new technology [47, 48]. In
our current complex health care landscape, determining how to balance costs and benefits of
this technology is a much more complicated undertaking.

As CGM accuracy has improved, wear-times lengthened and calibration frequency
decreased (and no longer required for some CGM systems) patient and provider enthusiasm
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has only grown for these devices [2¢¢, 49]. With the results of the DIAMOND trial
demonstrating significant reductions in hypoglycemia along with reductions in HbAlc in
adults with T1D, multiple groups across the globe have sought to understand the potential
economic impact of these devices [50e¢, 51-55]. In general, these studies have shown

that if the cost impact over a lifetime is considered, these devices are likely to represent

a reasonable investment for the medical system as a whole. Using the data from the
DIAMOND ftrial, a US-based group estimated that CGM use would be conservatively
estimated to cost $98,000 per additional Quality Adjusted Lifeyear with a cost as low as
$33,500 if sensor wear duration was lengthened as it has been in the current generation

of this device [50e¢]. In addition, this analysis included cost for twice daily finger stick
calibrations which are no longer needed with the next-generation version of this device
[56], suggesting that costs are even lower. Similar analyses in the UK, Italy, and France
have also found that the improvement in health outcomes and quality of life are sufficiently
improved with these devices to justify the cost [51, 53, 55]. Furthermore, at least one of
these studies likely underestimated the benefit of CGM, as it only included patients with
T1D and impaired awareness of hypoglycemia and did not include patients using CGM for
other reasons [54]. Recent data from the T1D Exchange network suggest that CGM may
also help patients avoid DKA with early alerts for sustained, elevated blood glucose levels
[2+]. Given the cost associated with these admissions, future research examining the extent
to which CGM may prevent these types of admissions would further bolster the economic
case for CGM use.

Unfortunately, despite these analyses, obtaining insurance coverage for CGM technology in
the USA remains disjointed and often difficult to navigate [2ee, 36+, 37, 46]. A recent review
of state Medicaid coverage plans found that 13 states required that patients show four times
daily glucose testing prior to approval for CGM even among those with T1D [46]. Reserving
CGM technology only for those patients who already test frequently not only mitigates

the economic benefit of these devices but also prevents patients who may have other

barriers to frequent testing—such as school or occupational restrictions—from benefitting
from these devices [57]. Further, a patchwork of rules differing between various insurance
providers and pharmacy benefit managers variously consider these devices as falling under
pharmaceutical and durable medical equipment (DME) benefits. This means that while some
patients are able to obtain needed supplies from a retail pharmacy, a significant portion are
forced to navigate paperwork from a third-party DME supplier, further complicating the
process of obtaining the device. Given the high cost of the devices, this creates a significant
lag time—often months—between when CGM is prescribed and when it is ready for use.
Indeed, in a survey of pediatric and adult clinicians, cost was identified as by far the single
most significant barrier to increased device use among patients with nearly 50% of providers
surveyed identifying this as a problem for patients [42].

In light of increasing integration between CGM and insulin pumps, as well as the clear
benefit they provide to individual patients, it is increasingly clear that the future of diabetes
care likely includes a majority, if not nearly all, of patients with T1D using CGM as their
primary mode of glycemic monitoring. Data already show that these devices help patients
avoid significant acute complications associated with intensive glycemic management of
T1D such as severe hypoglycemia or ketoacidosis requiring hospitalization. Ongoing work
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is needed to further bolster the economic case for these devices so that all patients with T1D
can have the option to use this lifechanging technology.

Conclusions

The development of continuous glucose monitoring technology over the last 20 years has
transformed the management of type 1 diabetes, yet AYAs traditionally have not used these
devices at the same rate nor seen the same degree of benefits reported in adults with T1D

[3, 24<<]. Multiple studies demonstrate that AYAs that use continuous glucose monitors have
improved glycemic control and decreased hypoglycemia [24ee, 32¢]; however, consistent use
of these devices continues to be a challenge in this population [3, 24e¢]. Certain barriers,
such as worry about body image, exist to a higher degree in AYAs and need to be assessed
and addressed by providers when discussing diabetes technologies [36¢]. Recent studies
also clearly demonstrate differences in CGM use related to race and ethnicity, specifically
among Black young adults, and additional research is needed to identify the causes of this
disparity [40ee, 41e¢] so that targeted interventions can be developed. These studies suggest
that provider bias is a key factor driving this inequality and interventions addressing this
bias (whether conscious or unconscious) are critical. Cost remains a significant barrier to
use, and until insurance uniformly and routinely covers CGM therapy, this will continue

to remain a barrier [36e, 42]. International studies have found CGMs to be cost effective
[50e¢] and to improve HbAlc and quality of life when fully reimbursed through a national
healthcare system [4, 27]. CGMs are undoubtedly the future of care in T1D and have the
potential to significantly improve glycemic control in adolescents and young adults, and
therefore finding ways to mitigate barriers to CGM use in AYAS is critical to improving
glycemic control in this high-risk population.
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Fig. 1.
Evolution of continuous glucose monitors and hybrid closed-loop technology
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