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Abstract: Diabetes-related technology has undergone great advancement in recent years.
These technological devices are more commonly utilized in the type 1 diabetes population,
which requires insulin as the primary treatment modality. Available devices include insulin
pumps, continuous glucose monitors, and hybrid systems referred to as automated insulin
delivery systems or hybrid closed-loop systems, which combine those two devices along
with software algorithms to achieve advanced therapeutic capabilities, including automatic
modulation of insulin delivery based on sensor-derived glucose levels to minimize abnormal
glucose trends. Use of diabetes technology is associated with significant positive health and
psychosocial outcomes, yet utilization rates are generally lacking across both adult and
pediatric type 1 diabetes populations in the United States and other countries. There are
consistent themes in existing barriers to technology uptake reported by individuals with type
1 diabetes or parents of children with type 1 diabetes, including physical burdens associated
with wearing the devices, concerns in navigating the technology and the devices’ abilities to
meet user expectations, high cost, inadequate resources within the healthcare team to support
device use, disparities in technology access, and psychosocial barriers. It is important to
understand the common barriers to uptake of not only the automated insulin delivery systems
but also their component devices (insulin pumps and continuous glucose monitors) to fully
support individuals in utilizing these devices and optimizing health benefits. The purpose of
this article is to summarize the current automated insulin delivery devices that are available
for use in management of type 1 diabetes, review common barriers to uptake of those
systems and their component devices, and provide expert opinion on existing and future
solutions to identified barriers.

Keywords: type 1 diabetes, artificial pancreas, insulin pump, continuous glucose monitor,
hybrid closed loop

Introduction

Technological devices are demonstrating an increasingly significant impact in the
management of diabetes, especially for those with type 1 diabetes (T1D).! TID is
characterized by an absolute insulin deficiency and typically occurs secondary to
progressive autoimmune destruction of insulin-producing pancreatic B-cells.” T1D is
the most common form of diabetes in the pediatric population and incidence rates have
continued to rise over previous decades.>* As insulin is required for survival, the
insulinopenic physiology associated with T1D necessitates treatment with insulin for
an individual’s entire lifetime. Without sufficient insulin in the blood, glucose is unable
to enter cells for use in energy production, resulting in elevated blood glucose levels
(hyperglycemia). Chronic hyperglycemia is associated with long-term neurologic,
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microvascular, and macrovascular complications that carry
substantial morbidity and mortality. Intensive insulin therapy
has been shown to reduce the risk of these complications but
has also been shown to increase the risk of low blood glucose
levels (hypoglycemia), which may result in acute complica-
tions such as decreased neurologic and motor function and
seizure. The major goal for T1D treatment is achieving
glucose trends within goal range, generally considered to be
70mg/dL-180mg/dL, and maintaining a hemoglobin Alc
(HbAlc) of 7% or less while minimizing hypoglycemia
exposure.” The amount of time per day that glucose values
are within goal range is referred to as time in range (TIR).
The TIR goal for individuals with TID is >70%, which is
associated with reduced risk of long-term complications.®
Commonly utilized insulin formulations include long-
acting insulins (LAI, also referred to as basal insulins) and
rapid-acting insulins (RAI, also referred to as short-acting
insulins). When utilized, LAIs are administered once or twice
daily in combination with RAIs, which are given multiple
times a day, such as with meals and to acutely correct
hyperglycemia. Multiple daily injection (MDI) insulin regi-
mens are administered via injection with syringe or insulin
pen. Alternatively, an increasing number of patients are uti-
lizing continuous subcutaneous insulin infusion (CSII)

Lo
devices,"’

commonly referred to as insulin pumps, which
deliver insulin continuously via a small cannula inserted into
the subcutaneous tissue and adhered to the body with adhe-

sive (Figure 1). This replaces the need for LAI use and allows

for bolus dosing (rather than injections) of RAI through
the day, such as with meals or to correct hyperglycemia.
Diabetes technologies, including insulin pumps and con-
tinuous glucose monitors (CGM), can help persons with
diabetes (PwD) improve their overall glycemic control,
including meeting goals for TIR and HbAlc, and reducing
the risk of hypoglycemia. Insulin pump therapy is associated
with reduced HbA Ic, as well as reduced glucose variability
and reduced hypoglycemia compared to MDI regimens.® "'
A CGM consists of an interstitial glucose sensor inserted
under the skin by the user, which monitors glucose values
continuously and communicates values to a receiver, cell
phone, and/or insulin pump (Figure 2). These devices have
now become accurate enough to replace glucose fingerstick
measurements, > and are associated with reduction in hypo-
glycemic events and improvement in HbAlc (independent

of insulin delivery method)'>'°

and improved sleep for
parents of children with T1D.'” Furthermore, use of sensor-
augmented insulin pump therapy (SAP), a pump that also
serves as the CGM receiver and displays the glucose infor-
mation on the pump screen, has been shown to have
a greater impact on HbAlc and hypoglycemia than use of
either device individually, as well as reducing fear of
hypoglycemia.'®'® The most advanced technologies avail-
able to date for management of T1D are automated insulin
delivery (AID) systems. These systems combine an insulin
pump and CGM and contain a software algorithm that uses
CGM glucose data to calculate insulin delivery, aiming to

Figure | Example of a tubed CSIl pump with infusion set: (A) Subcutaneous infusion set cannula, (B) Detachable subcutaneous infusion set with tubing, (C) Tandem t:slim

X2 insulin pump with tubing.
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Figure 2 Commercially available subcutaneous CGM devices: (A) Dexcom G6 sensor and transmitter, (B) Abbott Freestyle Libre, (C) Medtronic Guardian sensor 3 sensor
and transmitter.

keep blood glucose levels in target range (Figure 3). AID Despite the benefits associated with the use of diabetes
systems have been found to improve glycemic control com-  technology, ongoing barriers to technology adoption are well

pared to conventional insulin pump therapies and to reduce  recognized and include common themes: (i) physical burden

19,20

the risk of hypoglycemia. concerns, including continual attachment to a device and

Automated Insulin Delivery System

Pump delivers insulin Sensor measures
glucose

[
L) Control Algorithm
v P Kye(f)
I K [} e(t)dt
d de(t)
Algorithm determines D K dt Glucose data sent to

insulin dose pump

Figure 3 Automated Insulin Delivery System Diagram depicting closed-loop control. The CGM measures the person’s glucose value and then feeds the glucose
measurement into the control algorithm. The algorithm determines the real-time dose of insulin need by the person. The pump is then commanded to provide that
insulin dose, which alters the glucose value. The cycle then repeats.
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hindrance in physical activity, cosmetic impact, and skin
injury; (ii) patient and family attitudes to and expectations
of technologys; (iii) lack of resources for healthcare providers
and provider negative attitudes towards technology; (iv) lack
of access related to incomplete coverage and high cost; (v)
racial and ethnic disparities in device use possibly related to
provider and/or patient biases about device use; and (vi)
psychosocial barriers. It is important to understand barriers
to uptake of not only the AID systems but also their compo-
nent devices (insulin pump and CGM) to support all those
with T1D in utilizing these devices and optimizing health
benefits. The purpose of this article is to summarize the
current AID devices available for use in management of
T1D, review common barriers to uptake of those systems
and their component devices, and provide expert opinion on
existing and future solutions to identified barriers.

Overview of Automated Insulin

Delivery Systems

Insulin pump and CGM technologies have been increas-
ingly combined over the past decade, moving from SAP to
predictive low glucose insulin suspension (PLGS) and then

21

to AID systems.” AID systems are the most recent

advancement within diabetes technology and are also

referred to as hybrid closed-loop (HCL) systems, utilizing
both insulin pumps and CGMs with software algorithms to
allow automatic modulation of insulin delivery rate based
on sensor-derived glucose levels to minimize both hyper-
and hypoglycemia (Figure 4). There are multiple HCL
systems approved by the United States Food and Drug
Administration (FDA) and/or European Medical Agency
(EMA), with many more under pre-clinical and clinical
development. In this article, we will highlight selected
systems that are expected to be used in clinical diabetes
care at the time of publication. This will not be a complete
list of systems that are under development.

Most commercial AID systems utilize pumps that deli-
ver insulin through tubing that connects the pump to an
infusion cannula on the skin. The Medtronic MiniMed
670G was the first commercially available AID system
(Figure 4A), FDA approved in 2016, and consists of the
Medtronic 670G insulin pump paired with the Guardian 3
sensor. It can be used as a sensor-augmented insulin pump
(Manual Mode) with the option of using a predicted low
glucose suspend feature, which suspends insulin delivery
30 minutes before hypoglycemia is predicted to occur, or
as an automated insulin delivery system (Auto Mode) with
an embedded algorithm to allow automated basal insulin
delivery based on the total daily insulin dose from the

A

C

Figure 4 Selected Automated Insulin Delivery Systems: (A) Medtronic 670G insulin pump with Guardian sensor 3 CGM, (B) Tandem t:slim X2 insulin pump with Control-
1Q algorithm with Dexcom G6 CGM, (C) Omnipod patch pump with PDM and Dexcom Gé6 CGM.
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previous 6 days and the current sensor-derived glucose
value, with a set target glucose of 120mg/dL.**** Studies
have shown increased TIR, decreased time in hyperglyce-
mia and hypoglycemia, and reduced HbAlc with use of
the 670G AID system in pediatric and adult patients.”* 2’
The next generation of Medtronic AID system, MiniMed
780G, is approved by the EMA and is under review by the
FDA at the time of writing. The 780G can pair with either
the same Guardian 3 sensor or a more advanced factory-
calibrated Guardian 4 sensor and includes automated insu-
lin delivery with a more robust hyperglycemia reduction
algorithm, fewer automated system exits, and with the
option for target glucose value to be set at 100, 110, or
120mg/dL. The advanced hyperglycemia reduction algo-
rithm administers auto-correction boluses to a fixed glu-
cose target of 120mg/dL.*>° Studies have demonstrated
improvement in TIR, improved time in Auto Mode, and
improved user experience without increased time in hypo-
glycemia with use of this system.**>*

Tandem t:slim X2 with Control-IQ technology is
another AID device, and was FDA approved in 2019
(Figure 4B). This system utilizes the Dexcom G6 CGM
to predict glucose levels 30 minutes into the future and
adjust basal insulin doses accordingly, as well as adminis-
tering automatic correction doses if glucose levels rise
above target range.>> >’ Studies have demonstrated signif-
icant improvement in TIR and reductions in hypoglycemia

35,38-40

for children and adults using this device, as well as

improvement in psychosocial outcomes.*>*

The Omnipod 5 System is the first tubeless AID system
(Figure 4C). It consists of an on-body adhesive patch
insulin pump (Pod) paired with the Dexcom G6 CGM
and an embedded novel software algorithm to allow auto-
mated insulin delivery based upon customizable glucose
targets (adjustable by time of day) and sensor-derived
glucose values (current and predicted future values). The
Omnipod 5 system will provide the option of pod control
via a wireless, handheld device, referred to as a PDM, or
via a downloadable mobile app on the user’s personal
smartphone.”*' At the time of writing, this system is
under review by the FDA. In children and adults with
T1D,
HbAlc, decreased time in hypoglycemia, and decreased

studies have shown increased TIR, decreased

number of hypoglycemic events per person per day when

utilizing this system for diabetes management.*'
Several cellphone-based HCL systems are marketed in

Europe with CE Mark certification. The Diabeloop system

uses a phone-based algorithm communicating with the

Kaleido patch pump and a Dexcom G6 CGM. Several
small out-patient studies have been published in adults
using this system.*** A pilot trial of 8 adults using the
system for 3 weeks demonstrated a TIR of 70.2% with
2.9% time <70 mg/dL.** A 6-month follow-up study of 25
adults demonstrated a TIR of 69.7% with 1.3% time
<70 mg/dL.* The CamAPS FX HCL system uses a cell
phone-based algorithm communicating with the Dana
insulin pump and a Dexcom G6 CGM.*® Studies on this
algorithm have demonstrated TIR values in the 70-72%
range in various age groups and with different insulin

concentrations.*” 4’

Barriers to Device Uptake

Barriers Related to Physical Issues

Whether utilizing an individual insulin pump, CGM, or
both within an AID system, these devices should be worn
continuously to optimize health and lifestyle outcomes.
Physical interference from wearing a device is
a commonly endorsed barrier to uptake and continuation
of both CGM and insulin pumps. One study determined
this to be the biggest barrier to initiation of insulin pump
therapy by parents for their children with T1D, outweigh-
ing effectiveness or cost of the technology.’® Specific
aspects of “physical interference” may include physical
discomfort, interference with activity, and concern for
skin reactions.’® Concern regarding physical burden from
continuous attachment to a device and concern about the
size of the devices have been echoed in other pediatric and

51-55 and are cited as reasons for discontinua-

adult studies
tion of CGM>*>® and insulin pump use.’’ >’ In young
children with smaller bodies and increased physical activ-
ity, these issues may be even more significant due to
limited on-body “real estate” for device site rotation.'”"!
Nevertheless, from 2016 to 2018, the largest uptake of
insulin pump and CGM therapies was in children.'

These devices are often visible to others, prompting cos-
metic insecurities in the wearer such as feeling less attractive
or feeling different from others.'®>**! Concern about how
the device looks on the body is a concern for all users, but is
more frequently reported by females compared to males.>* In
older children, an increased sense of disease and embarrass-
ment around peers were cited as reasons for discontinuation
of CSII therapy.>***>° Pump and CGM users have reported
feeling “shackled” to their devices, like they look like
a “cyborg”.'®>1:%* These body image concerns have inspired

an industry around clothing and accessories meant to support
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and/or conceal medical devices. Some available products
include discreet or fashionable belts or body wraps to hold
insulin pumps and accommodate tubing, as well as many
different clothing brands for men and women with ergono-
mically-placed pockets that can support and conceal insulin
pumps. There are adhesive products for use with CGMs and
patch pumps that are made with attractive designs, as well as
pump cases and covers with designs that mimic those used
with cell phones.

Dermatologic complications may occur with use of
CGM or insulin pumps, as both include a cannula or
filament inserted under the skin and secured with adhesive.
CGMs are left in place for 7 to 14 days, depending on the
device, and insulin pumps are typically exchanged every 2
to 3 days. Skin issues are a significant concern for patients
utilizing these technologies, as well as those considering

16,17.62.63 and have also been

implementing these devices,
cited as a reason for discontinuation of CGM use.’® Some
examples of reported skin complications include scarring,
erythema, lipohypertrophy, lipoatrophy, nodules, abra-
sions, hyperpigmentation, itching, wounds, eczema, and
bruising. %6463

A recent study by Berg et al®® described the prevalence
of and risk factors associated with dermal complications
among pediatric and adolescent T1D patients using CSII
and/or CGM. Skin complications were reported by 89.5%
of those patients using CSII and 79.5% of those currently
using or who had previously used CGM. The most fre-
quent complaints were itching, eczema, and wounds for
both CSII and CGM use. At the time of the study, 62.9%
of CSII users and 46% of current CGM users had at least
one site with a currently visible dermatological condition.
This study noted an association between dermal complica-
tions and a personal history of atopy, which has been noted
previously.®

Additional physical barriers may play a role in device
use among people with diabetes, though many have not
been thoroughly studied. Older adults with longstanding
diabetes have been demonstrated to have worsened scores
on manual dexterity testing.” While reduced dexterity has
been discussed as a barrier to broad-spectrum device use,
it appears to have been mostly studied regarding use of
insulin pens.®® Loss of vision related to diabetic retinopa-
thy is a major source of morbidity among people with
longstanding diabetes. Despite this, there appears to be
little literature regarding device use among people with
limited visual acuity, with existing research focused also
on insulin pen use.®” Cognitive impairment, particularly

among elderly adults, has also been cited as a potential
barrier to device use. The WISDM study investigated
CGM use among adults 60+ years old and found that
CGM use was associated with a significant reduction in
change in cognition-related

hypoglycemia, but no

outcomes.”®

Barriers Related to Technology
Expectations and Utilization

Incorporating devices into diabetes management requires
further education from medical providers and more inten-
sive follow-up, and may require more action from users to
optimize device use.”' With AID systems, users need to be
competent in troubleshooting issues, such as interruptions
with connectivity, software malfunctions or updates, and
infusion tubing/catheter malfunctions. They should feel
comfortable entering/exiting the automated insulin deliv-
ery mode, navigating all device settings, and making
adjustments as needed.”” This causes concern for some
that the technology may be too complicated for them to
confidently utilize and is often noted as a barrier to uptake
of these devices.’™' Parents of children with TID some-
times describe concern regarding malfunction and risk of
hypoglycemia associated with pump use, despite research
suggesting pump use is associated with reduction in
hypoglycemia.”® This further highlights the importance
of device users feeling comfortable navigating and
responding to the devices.

For example, to maintain automated insulin delivery
(Auto Mode) with the MiniMed 670G AID system (the
first generation of AID system), users are required to
continuously wear the CGM and calibrate at least twice
per day, as well as respond to alerts within an appropriate
time period. Users are forced out of Auto Mode if pro-
longed hyperglycemia occurs (glucose >250mg/dL for 3
hours or >300 mg/dL for 1 hour), the pump has delivered
minimum insulin delivery rate for 2.5hr or maximum
insulin delivery rate for 4 hours, or sensor glucose data
are missing or inaccurate.”” Not surprisingly, one study
showed high rates of Auto Mode exit and ~30% of youth
discontinuing AID altogether within the first 6 months of
use, citing difficulty maintaining Auto Mode and excessive
alarms as some reasons for discontinuation.” Tt should be
noted that compared to the 670G AID system, newer
systems have improved features that reduce the burden

of use, such as no defined minimum/maximum delivery
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exits and incorporating CGMs that do not require
calibration.

The addition of diabetes technology may increase the
overall burden of management in some, rather than miti-
gating it, as seen with use of the 670G AID system. This is
another frequently named barrier to uptake of diabetes
technology,”* and may be attributed to device abilities
falling short of users’ expectations. Another study using
the previously detailed MiniMed 670G AID system noted
that users with little previous knowledge about the system
found the devices required more input and burdensome
tasks than expected. Participants felt “closed loop” and
“artificial pancreas” terminology implied that the system
would require no input from the user.”” This theme was
supported in a 2018 review article investigating uptake of
CSII alone, which reported differences between initial
expectation and lived experience with insulin pump use,
although many users reported feeling that the device pro-
vided more flexibility and improved the burden of diabetes
self-management at the end of the study.”®

Although having diabetes-related data readily available
may seem beneficial to technology users, the concern for
potential “information overload” is a cited source of hes-
itation. This is especially true regarding CGM use, as
CGM provides continuous real-time blood glucose data
and alerts for alarming glucose values or trends.’>”’
Indeed, some studies suggest users may actually experi-
ence increased levels of diabetes-related stress when uti-
lizing devices, secondary to continuous availability of

16,17,52,54,61
data, and frequent alarms,'®!7-72->+61.73.78

Barriers Related to the Healthcare Team
Diabetes health care providers serve an important role in
promoting uptake of and adherence to devices. These
clinicians are often the main source of information regard-
ing diabetes treatment options, and are PwD’s primary
resource for education, support, and troubleshooting for
devices, which is necessary when initiating and continuing
use of technology.’*>"-7%7%-8% With such a substantial role,
diabetes care facilities must have appropriate availability
of staff who are educated and experienced with the devices
to provide the necessary education and support for those
utilizing diabetes technology.®' This can be challenging
for healthcare teams, as demonstrated in a 2012 UK-wide
insulin pump audit, which concluded that the main barrier
to access of insulin pump therapy for people with T1D was
lack of funded healthcare professional time required to
deliver CSII services and patient support.®* In addition,

clinicians should feel comfortable prescribing devices and
supporting patients with their use, as healthcare provider
attitudes surrounding diabetes technology have been
shown to impact the likelihood of uptake of these
devices.”® Specifically, it has been suggested that clini-
cians with positive attitudes to diabetes technology are
more likely to have more patients on insulin pumps and
CGMs than do clinicians with negative attitudes to
technology.”

Concerns regarding “gatekeeping” by healthcare pro-
viders have been discussed in multiple studies,”"*?
whereby providers may limit recommending diabetes tech-
nologies to PwD who they perceive to be likely to appro-

priately utilize the devices.®

This may be partially
influenced by historical treatment guidelines which recom-
mend considering insulin pump therapy for patients who
check their glucose level at least 4 times per day, admin-
ister at least 4 insulin injections per day, seek to optimize
glycemic control, and are willing to utilize complex insu-
lin therapy with continued interaction with their diabetes
care provider.***> One study looking at insulin pump use
in pediatric patients demonstrated that pump use was
associated with more frequent blood glucose checks and
with CGM use. This may indicate that more engagement
with diabetes management may tend toward increased
utilization of technologies or may also reflect that engage-
ment with self-management may influence healthcare pro-
viders to recommend diabetes technology use.’® Another
example includes a small study of people with T1D in
Ireland. Participants reported significant frustration with
provider “gatekeeping” and fewer than half of participants
reported ever receiving information about CSII from their
diabetes provider.”!

It is impossible to perfectly predict which individuals
with diabetes will be successful in utilization of diabetes
technology, and clinicians’ perception of patient readiness
should not be the sole factor in determining device use. In
fact, patients and clinicians often have differing percep-
tions of patients’ device readiness. One study showed that
diabetes educators perceived patients to have a lack of
understanding regarding what to do with information
received from diabetes devices and a lack of understanding
of the features of those devices, which they felt to be
a significant barrier to pump and/or CGM use. Adults
with T1D did not endorse that barrier for themselves
nearly as often, with ~45% of clinicians perceiving this
barrier to be true for their patients, while only 4.5% of
adults with T1D endorsed that for themselves.>
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An additional barrier faced by the healthcare team is
access to and support for telehealth and telehealth mon-
itoring. All commercial insulin pump and CGM systems
support digital uploads of data, many via perpetually
connected devices requiring no user interaction to
upload. The COVID-19 pandemic has seen an explosion
in the demand for telehealth for diabetes as well as
publications on this subject.***” Despite the growth in
this area, many device users still struggle with device
uploads and many practices struggle with obtaining digi-
tal downloads from their patients. Additionally, reimbur-
sement for remote review of CGM and pump data and
telemedicine across state lines remain major barriers to
growth of this form of care in the United States.
Telehealth device training and tuning has also grown
during the COVID-19 pandemic, which has required
retraining and reorganization of healthcare teams, creat-
ing additional administrative burdens for many centers.

Barriers Related to Cost

Insulin delivery device uptake is noted to be lower in
people of lower socioeconomic status (SES)*® and cost is
a frequently reported barrier to utilization of diabetes

2-54,71,81 - PR
32547181 ncluding insulin pumps®°

technology devices,
and other AID systems.®> Cost is also a common reason
for CGM discontinuation in adults with T1D.>* One qua-
litative study evaluated cost considerations of diabetes
technology in children and adults with T1D and included
parents and partners of those participants.®® The impact of
cost was assessed at 5 different levels: policy, organiza-
tional, insurance, interpersonal, and individual.
Participants expressed concern about financial accessibil-
ity for all, noting that diabetes technology seems to
be utilized first by those of higher SES. Participants
reported that insurance coverage feels necessary to afford
diabetes medical management and often dictates what is
included in diabetes management, which may not align
with patient preference, provider recommendation, or
recent research study findings. Coverage may be insuffi-
cient with public insurance, thus raising barriers to optimal
T1D therapies, such as requiring an overwhelming amount
of “evidence” before reimbursing for technology. Most
participants discussed weighing cost against benefit of
devices, and some anticipated the cost to be too great to
consider uptake of the devices, while others felt the ben-
efits outweighed the costs, with one participant stating, “I
would sell my house ... I would do whatever I had to do.”

Participants also reviewed burden from non-monetary

costs, such as time spent on phone calls and outreach to
insurance companies, pharmacies, and doctors’ offices to
secure diabetes services.™

Inadequate support from national government and
insurance is a recognized barrier to uptake of diabetes

50,52

devices, and despite studies demonstrating cost-

9091 reimbursement con-

effectiveness of AID systems,
tinues to vary internationally and across payers in the
United States, likely contributing to the variation in dia-
betes technology uptake trends. For example, CSII device
uptake in the US is noted to be around ~60% for both
children and adults with T1D,' but only 34.7% for chil-
dren and 6.8% for adults in Ireland.”? According to the
Euro Diabetes Index 2014, many European countries
15%.”

Australia was noted to have ~10% of the T1D population

were found to have CSII uptake at over

using CSII technology, with half of those users being
under age 25.°' In Australia, absence of government
financial support for CSII after age 18 is reported to
significantly hinder uptake or continued use of these
devices. In addition, lack of formal organizational policy
or guidelines on diabetes care is felt to be a significant
barrier to technology use in TID.®! A qualitative study
from Ireland showed similar results, with adults with T1D
reporting concern regarding lack of standardization of
diabetes care. Authors concluded that, if national policy
provided direction and structure for healthcare providers
regarding T1D care, this may improve medical providers’
awareness of diabetes technology and thus improve CSII
uptake.”!

Argento’s study on the impact of United States’
Medicare coverage policies related to CSII devices
revealed that many users report dissatisfaction with cover-
age and feel the policies in place surrounding diabetes
management supplies are restrictive. Participants also dis-
cussed difficulty with receiving insulin pump supplies in
a timely manner, which encourages behaviors that deviate
from device recommendations, such as leaving insulin
infusion sites in the skin longer than recommended, reus-
ing single-use supplies, or discontinuing use of the device
altogether. These behaviors often led to adverse outcomes,
including hyperglycemia, hypoglycemia, overall glucose
variability, increased anxiety/frustration, and pain, irrita-
tion, and/or scarring at infusion sites.”® Regardless of
government or private insurance coverage, inadequate
financial support is a consistently reported barrier, as
some people with T1D in the US describe private
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insurance plans to have out of pocket costs that are ulti-
mately prohibitive against device use.””

Barriers Related to Disparities
Racial and socioeconomic (SES) disparities in access to
diabetes technology are an ongoing concern,”’® demon-
strated across all age groups in many different countries,
with data from the US TID Exchange,' the German/
Austrian Prospective Diabetes Follow-up Registry, and
the English/Welsh National Paediatric Diabetes Audit all
noting racial and SES disparities.'” Data shows that non-
Hispanic whites and female youths are more likely to
utilize insulin pumps than other groups. Other character-
istics associated with diabetes technology utilization in
youth include having private health insurance, being
from higher income families, living in a two-parent house-
hold, and having parents with higher education.>*36:85-97:9%8
Although utilization of technology is noted to be increas-
ing, especially in the pediatric population, this increase has
been noted preferentially in youth from higher SES
groups, with the gap in technology use between low SES
and higher SES continuing to widen.*** Similar findings
are seen in the adult T1D population, with private insur-
ance, higher education, and higher household income asso-
ciated with increased technology utilization. Lower rates
of insulin pump use are seen in males, racial and ethnic
minorities, and those with no insurance or government
insurance.''7%%%1%° Additional concern comes from the
possibility that these disparities in access may translate
into differences in health outcomes, with some studies
suggesting an association between SES and HbAlc in
youth.®®

A 2015 study on disparities demonstrated that even in
the highest income levels (>$100,000 per year), non-
Hispanic white youth were significantly more likely to
use an insulin pump than non-Hispanic black youth at
the same income level (73% vs 45%, respectively; p -
<0.001)."°" Then in 2018, a study by O’Connor investi-
gated if disparities in insulin pump use persisted following
increasing rates of pump utilization in the years prior. This
study identified an association that had not been previously
described: patients/families with non-English preferred
languages had lower insulin pump use rates.'®

Racial and SES disparities are complex and likely
multifactorial in nature. Provider implicit bias may impact
all aspects of patient care, including patient—provider inter-
actions, treatment decisions, treatment adherence, and
even patient health outcomes,'® and the fact that these

disparities are consistent across multiple countries with
differing levels of government policy and financial support
may be suggestive of influence from medical provider
bias. For example, the likelihood of a provider recom-
mending diabetes technology has been suggested to be
influenced by insurance status, with this bias becoming
more prevalent as practice years increased (but not
age).'”® Commissariat’s study considers if the disparity is
not solely from medical provider bias, but also that PwD
from lower SES backgrounds face greater financial con-
straints and therefore may limit utilization of technologies,
given the significant burden of cost with these devices.
Those with high SES backgrounds may have more dispo-
sable income for diabetes supplies and to enroll in private
insurance. This study does then question if the presence of
fewer financial constraints may influence healthcare pro-
viders to recommend technology use.’® Additionally, as
discussed previously, there are significant non-monetary
costs to diabetes technology use related to time spent at
medical visits and on phone calls related to education and
support surrounding device use, as well as outreach and
troubleshooting to obtain and maintain device supplies.
This implies that those who utilize these technologies
must not only have a degree of disposable income but
also a degree of disposable time.

Psychosocial Barriers
Assessment of psychosocial outcomes related to diabetes
technology is a relatively new concept, and therefore less
is known regarding psychosocial concerns as a barrier to
diabetes technology utilization and the impact of these
devices on psychosocial outcomes. Existing studies report
varying results. Generally, implementation of diabetes
technology provides positive health benefits without wor-
sening psychosocial outcomes and perceived burden of
diabetes management,*® with some studies demonstrating
improvement in psychosocial outcomes. Specifically, stu-
dies regarding the impact of diabetes devices on quality of
life have shown mixed results, although many demonstrate
improved or higher quality of life in those utilizing tech-
nology and/or their caregivers compared to those not uti-
lizing technology.'®'%+1%°

Depression and anxiety are two additional factors with
mixed study results. In those utilizing AID systems, some
increased

users reported

110

anxiety and depressive

symptoms, with other studies reporting either no
impact on symptoms based on insulin delivery method

or a reduction in symptoms when utilizing CSII compared
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with MDI. %1% Another study demonstrated an associa-
tion between higher depressive scores and PwD transi-
tioning from CSII to MDI, but transitioning from MDI to
CSII subsequently resulted in a decrease in symptoms.
This suggests that increased depressive symptoms may
influence PwD to transition their insulin delivery method,
regardless of method utilized.'"" Similarly, increased
levels of anxiety have been associated with discontinua-
tion of CSIL.>*!'? Additionally, despite the evidence that
diabetes technology is associated with reduced hypogly-
cemia, fear of device malfunction resulting in hypoglyce-
mia is a concern reported by PwD and parents of children
with T1D. Studies investigating the impact of technology
on fear and anxiety surrounding hypoglycemia have
reported mixed results, with some demonstrating no
impact and others suggesting positive impacts.'®!''>"!1¢
Use of diabetes technology has shown to positively
impact sleep for parents of children with T1D, possibly

related to decreased fear of hypoglycemia.'”=®

Expert Opinion on Potential

Solutions

Diabetes technologies have progressed significantly in the
past two decades, from rarely used and novel adjunctive
agents to the essential elements of physiologic glycemic
control for many people with diabetes. The growth in use
of these technologies has generally been associated with
reductions in device burden, improvements in device fea-
tures, improvements in payer coverage, and increased
device knowledge and education among PwD and provi-
ders. Increased device use has been gradual overall,
though with some notable rapid increases after availability
of novel features such as factory calibrated CGMs or AID
systems. Through this, we see that device use is influenced
by the perceived benefit to burden ratio. Improved benefits
often synergize with reduced burdens, such that multiple
burdens may be reduced by a single improvement. For
example, improved sensor accuracy removed the burden
of CGM calibrations, which improved percent device wear
thus further improving glycemic control. Demonstration of
the correlation between CGM use and improved glycemic
control then improved CGM coverage by payers, further
improving sensor wear. Despite these advances, there
remain several conditions and situations for which insuffi-
cient evidence exists to recommend HCL technologies.
Diabetes in pregnancy, whether type 1, type 2, or gesta-

tional, is still being studied regarding HCL systems.''’

Use of HCL technology during hospital admissions is
also currently under study, and not yet clinically indicated.

Potential Solutions to Physical Barriers
Barriers related to the physical body are often those first
mentioned during device discussions. Commonly, active
people and parents of young children are concerned about
the hindrance of pump tubing. For these people, a patch-
pump such as the Insulet Omnipod Eros, Dash, or emer-
ging OP5 may present an ideal solution. Other companies
are currently developing additional non-disposable patch-
pumps, which may use a short length of tubing to
a proximal detachable infusion set. The size and discom-
fort of early CGMs was a major barrier to their adoption.
CGM devices are continuing to get smaller with subse-
quent iterations. The Dexcom G7 and Abbott Freestyle
Libre 3 are each at least 33% smaller than their predeces-
sors, with fully disposable designs. Such improvements in
device form-factor should make these technologies more
acceptable to a wider range of users. Emerging devices are
also expected to last for 14 or more days, reducing the
overall pain of device placement. While some users may
report difficulties using devices due to their work or
recreational environments, these concerns are not well
supported by real-world use. There are numerous high
school, college, and professional athletes who utilize
CGM and insulin pump technologies during extreme con-
ditions. Our own group has studied HCL technology dur-
ing winter sports and demonstrated the safety of these
systems during extremes of temperature, altitude, and
exercise, even among young children.''®!"?
Dermatological issues are a noted barrier to device use.
Our group has developed free online resources to help
educate providers and device users on skin care solutions
(https://www.bdcpantherdiabetes.org/tools/skin-solutions-

tips). Many common skin issues can be improved or pre-
vented by proper site selection and rotation, use of barrier
wipes or tapes, application of topical steroids, proper
removal aids and techniques, and post-wear skin care. In
addition, device manufacturers are constantly working to
reduce the irritation and skin reactions of new and emer-
ging devices.

The limited survival of insulin pump infusion sets is
another major device burden for many users. Preliminary
research by ConvaTec, Medtronic, and Capillary
Biomedical, among others, is showing the potential for
infusion sets to function for 7-10 days.'** The ConvaTec

study published by Lal demonstrated a median wear time
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of 9.1 days. Such progress has the potential to limit set
changes to a once-a-week occurrence, further reducing the
burden of pump and AID system use. Another potential
benefit of prolonged infusion site wear is the ability to
combine a 7-day infusion site and 7-day sensor into
a single on-body device. The combined infusion set and
sensor would greatly reduce on-body device burden.

Another associated physical burden is the visibility of
diabetes when interacting with an apparent medical device
(insulin pump) in public, to bolus insulin at mealtimes.
This is a frequently cited concern among many adolescents
and young adults. The ability to bolus from a smartphone
would greatly reduce this burden and serve as another
benefit of device utilization compared to MDI. The
CamAPS system in the United Kingdom is the world’s
first HCL design to offer phone-based control, with noted
burden reduction among device users.'?! The Insulet OP5
system has been announced to offer phone-based control
once available within the United States.*?

Potential Solutions to Cost Barriers

While device costs remain a major issue for many PWD and
their families, overall device coverage is improving, and
cost—benefit analysis of diabetes technologies is generally
favorable. A recent pair of publications examined the
Centers for Medicare and Medicaid Services coverage cri-
teria for insulin pumps and CGMs.'**'** These commen-
taries call for coverage criteria based on modern device use
profiles and evidence-based requirements. They also note the
demonstrated cost effectiveness of CGM and CSII technolo-
gies. Furthermore, they discuss the burdens placed on provi-
ders to satisfy arbitrary documentation requirements.
Adoption of these recommended coverage criteria would
reduce provider burden and move diabetes technology cover-
age to the level supported by current evidence.

Potential Solutions to Disparity-Based

Barriers

Disparities in diabetes technology use among racial and
ethnic minorities is an emerging area of concern for many
in the technology field. A noted driver of these disparities is
underrepresentation among black and Hispanic populations
in many areas of technology research. This problem is now
receiving attention from the National Institutes of Health,
Food and Drug Administration, and many industry partners
who together are calling for increased recruitment among
these populations in future development and approval

studies. Additionally, authors within disparity literature
are calling for objective criteria to be used for CGM and
insulin pump prescribing to combat possible implicit bias
among providers. Such an effort may synergize with efforts
to remove unnecessary device coverage requirements.

Conclusion

In conclusion, use of insulin pumps, continuous glucose moni-
tors, and automated insulin  delivery  systems
improves glycemic control and glycemic outcomes among
people with diabetes. Advances in these technologies have
increased their overall use. Despite these advances, there
remain barriers to broader device adoption, including those
related to physical burdens, device expectations, provider edu-
cation, costs, racial/ethnic disparities, and psychosocial con-
cerns. While it is impossible to remove all barriers, work is
underway to reduce these burdens on numerous fronts, includ-
ing research, development, and advocacy. With continued
research, we expect to see reduced device burdens, improved
device benefits, and overall improved care for people with

diabetes.
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