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Abstract

From fingerstick blood glucose monitoring and mechanical insulin pens in the 1970s to modern automated insulin delivery
systems, rapidly progressing advances in diabetes technology are transforming management options for people with diabetes,
particularly those with type 1 diabetes but also, increasingly, people with type 2 diabetes. However, access to life-changing
diabetes technologies is neither uniform nor universally covered, and there is no one size fits all approach. In this position
statement, we emphasise to healthcare professionals the importance of supporting individuals with diabetes to access and
use the right diabetes technology according to personal needs, capabilities and preferences. In doing so, we highlight the
equal importance of avoiding disparities in the provision of diabetes technology by challenging preconceived barriers, which
can be overcome with education and determination. We also make a series of suggestions for action to advance the more
widespread adoption of diabetes technology while minimising the ‘digital divide’.
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Diabetes technology has become a pillar of diabetes man-
agement and is recommended for use in many settings for
people with diabetes [1-3], but individual needs must be
accounted for to provide and optimise a personalised treat-
ment approach. Individualisation of care requires knowl-
edge of the wants, needs and preferences of each person
with diabetes. At the same time, it is critical to recognise the
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impact of social determinants of health [4] and the ‘digital/
device’ divide that exists between adequately served and
underserved individuals, even in countries in which access
to care is publicly funded and free at the point of use [5-7].

This presents a challenge for clinicians, who have to stay
informed and up to date on the characteristics, advantages and
limitations of each device, drawing from both clinical trials
and real-world experience, and match these features to each
individual’s changing needs and conditions (e.g. lipohyper-
trophy, skin reactions, pregnancy, cognitive function, digital
literacy, diabetes distress, burnout, psychosocial stressors and
access to care).

Clinicians need to consider whether a proposed technology
satisfies therapeutic goals developed jointly with the person
living with diabetes, while taking into account availability,
affordability, ease of use and accessibility. In this position
statement, we outline the current landscape of individual-
ised diabetes therapies, highlighting both opportunities and
challenges. In addition, we present suggestions for action,
along with definitions of outcomes and barriers that must be
addressed.

The Diabetes Technology Working Group was established
by the EASD and ADA in 2013. The group reached agreement

on the suggestions for actions through a small number of face-
to-face meetings (usually at large diabetes conferences), many
online meetings and numerous emails. This is the last in a series
of comparable articles by the group over the last 10 years.

Supporting people with diabetes to select
diabetes technology

Medical devices should be tailored to individual needs and
preferences [1]. To optimise the likelihood of user satisfaction
and therapeutic success, clinical teams need to work with peo-
ple with diabetes to explain and discuss the attributes (Tables 1
and 2) and efficacy of different devices [8—10]. Any discrepan-
cies in expectations should be worked through in frank conver-
sations, setting realistic expectations for what can be achieved
with technology. Identifying the right device for an individual
is likely to increase adherence, which in turn may translate into
better glycaemic management and/or improved quality of life.
In this way, the costs associated with device acquisition and
use are more likely to be offset by the benefits associated with
the prevention of acute and long-term diabetes complications
and/or the decreased burden of living with the condition.

Table 1 Features to consider when selecting optimal diagnostic diabetes technologies

Potential barriers to use® Advanced options

Size of the meter, size of the
blood sample required,
touchscreen, memory capa-
bilities, rechargeable vs re-
placeable batteries

Size of the sample required,
dexterity issues, visual im-
pairment (backlight, colour
screen, large display), hear-
ing issues (audible report of
glucose values, volume set-
tings)

Bolus calculator, ability to
flag readings (e.g. pre-
meal, post-meal, exer-
cise) and to transfer data
to other devices

Device Description Options
SMBG Measures glucose con-

centration at specific time

points using capillary

blood
CGM Measures interstitial fluid

glucose concentration ei-
ther continuously (every
1-5 min) or intermittently
(when the device is
scanned)

Real-time vs intermittent
scanned device, subcutane-
ous or implanted sensor, ac-
curacy in various glucose
ranges, warm-up period, re-
chargeable vs replaceable
batteries, sensor size and
lifetime, site of insertion,
transmitter charging
needed, types of
alarms/alerts (e.g. on-body
vibration alerts)

Adhesive issues, approved
indications (age, pregnancy,
inpatient setting, x-ray/MRI),
size  of the device,
alerts/alarms, dexterity is-
sues, visual impairment and
hearing issues, interference
with medications/sub-
stances

Sharing features (data,
alarms and alerts), in-
teroperability/communi-
cation with other devices
(smartphones, smart in-
sulin pens, insulin pumps,
patch pumps, AID sys-
tems)

Urine ketone testing

— e
—

=

Measures acetoacetate to
provide qualitative re-
sults. Tends to underesti-
mate ketone body pro-
duction during the early
phases of DKA and over-
estimate it during the res-
olution of DKA

NA

A subjective measure of ke-
tones via a colorimetric test
requires a urinary sample

NA

Blood ketone testing

Measures fB-hydroxybuty-
rate (BHB) at specific time
points using capillary
blood. Blood BHB is best
used for the assessment
and follow-up of ketosis

Size of the meter, size of the
blood sample required, dual
functionality (also measures
capillary blood glucose),
touchscreen, memory capa-
bilities, rechargeable vs re-
placeable batteries

Size of the sample required,
dexterity issues, visual im-
pairment and hearing issues

NA

*For each device, consider if it is covered by insurance, affordable, accessible or approved

DKA, diabetic ketoacidosis; NA, not available
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Table 2 Features to consider when selecting optimal insulin delivery devices

Device

Description

Options

Potential barriers to use?

Advanced options

Syringe and vial

A syringe with a plunger.
Most affordable insulin
delivery option

Syringe size: 1.0, 0.5 or 0.3
ml; maximum dose: 100, 50
or 30 U of U-100 insulin
Syringes for U-40, U-80 and
U-500 insulins are also
available

Needle length from 4 to 12.7
mm (5/32 to 0.5 inches)

Dexterity or visual issues,
must carry insulin vials and
syringes, multiple steps in-
volved, privacy issues dur-
ing dosing

Pairing with CGM device

Insulin inhaler

Ll

Allows  distribution  of
rapid-acting insulin to the
lungs

Cartridges come in three
doses: 4, 8, and 12 U. All
colour-coded

Visible when dosing, must
carry multiple cartridges,
dosing may be less precise,
no data monitoring or data
viewing

NA

Insulin pen

Combines the medication
and syringe

Disposable or reusable, size
of display, compatible insu-
lin, dose accuracy, dose in-

Dexterity issues, must carry
pen and needles, multiple
steps involved, does not al-

Dose-setting feedback
(audible, tactile, visual),
memory (date, time and

crements, maximum insulin | low mixing of differentinsulin | amount of previous
dose types; privacy issues during | doses), pairing with

W dosing CGM device
Connected insulin pen and | Connected insulin pens | Insulin compatibility, dose | Dexterity issues, must carry | Display of insulin on
insulin pen cap record and/or transmit in- | accuracy, insulin dose incre- | pen and needles, CGM sen- | board, insulin injection

sulin data to mobile apps
and allow data sharing
and downloading. Con-
nected insulin pen caps
are devices placed on ex-
isting insulin pens, provid-
ing dose calculations
and/or transmitting data

ments, maximum insulin
dose, sensor life, connection
with CGM and/or blood glu-
cose monitoring device

sor is attached to the body
(adhesion issues), privacy
issues during dosing

reminder, bolus calcula-
tion and advice, integra-
tion with CGM, insulin
temperature display

Infuses continuously
rapid-acting insulin in the
subcutaneous space. Al-
lows bolusing to cover
meals and adjustments to
prevent or correct hyper-
glycaemia

Tubed/tubeless,
touchscreen, size and inter-
face, reservoir volume, wear
sites, remote control, water-
proof, accuracy of infusion
rate, minimum/maximum of
basal infusion rate and bolus
dose, insulin compatibility

Dexterity issues, visual/au-
dio issues, infusion set/site
problems, age and weight
restrictions, size of device,
visibility of device

Integration with CGM,
compatible with AID sys-
tems, automatic data up-
load to the cloud

Implantable insulin pump

O

Placed subcutaneously in
the lower abdomen. In-
fuses insulin in the perito-
neal cavity via a catheter

Only one model available on
the market. Battery can last
7-10 years. The reservoir
(15 ml) is refilled transcuta-
neously every 3 months, de-
pending on patient usage

Invasiveness, need to rinse
the pump and catheter every
6-9 months, fading com-
mercial appeal due to the
availability of new insulins
for subcutaneous admin-
istration

Implantable pumps of a
smaller size, connection
with implantable glucose
sensors to make a
closed loop

AID system

B

<

Links CGM data with an
insulin pump via an algo-
rithm that automatically
adjusts the insulin dose
every 5-10 min

Compatible pump and CGM,
flexibility about glucose tar-
gets, settings, algorithms
and carb counting, device
hosting the algorithm, insulin
compatibility, monitoring re-
motely or by mobile phone,
function sharing, automated
data upload, blood sugar
checked on a mobile phone
or watch, bolusing from a
pump/handheld device/mo-
bile phone or watch

Dexterity issues, issues with
adhesion to the skin, ap-
proved indications (i.e. age,
pregnancy), must wear and
carry multiple devices, is-
sues with device connectiv-
ity, alarms, visibility of de-
vices

Temporary target/physi-
cal activity mode, sleep
mode, ease off and boost
modes, zen mode

*For each device, consider if it is covered by insurance, affordable, accessible or approved

NA, not available

The choice of a (new) device normally requires face-to-face
or telemedicine contact. Interactions with healthcare profes-
sionals can be augmented with reputable online educational
resources provided by diabetes charities, patient organisations,

scientific bodies and device manufacturers. However, health
and digital literacy, as well as proficiency in the language in
which the materials are provided, will affect the ability of
people with diabetes to benefit from these resources. Where
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possible, information on diabetes technology should be avail-
able in the primary language of the individual concerned [11].
Increasingly, materials can also be provided in the form of
infographics and video content that has been co-developed
by people with diabetes. Adjuncts to written educational
resources can include social media discussions in which
experts and users of specific diabetes technologies share their
personal experiences with devices. Such discussions can add
considerable value but need to be curated. Bias is common,
as people who are most happy or unhappy with a device are
more likely to post their opinions. Furthermore, manufacturer
incentives may not be transparent. Specialised healthcare pro-
fessionals should maintain some awareness of the content of
social media platforms so that they can discuss them with
people with diabetes and correct any inaccuracies.

Factors to consider in choosing the most appropriate
diabetes technology for an individual with diabetes include
the type of diabetes, age, personal preferences (e.g. for a
tubeless device), quality of current glucose management,
current total daily insulin dose, personalised glucose tar-
get, lifestyle, level of education, manual dexterity, digital
literacy, occupation (including any specific risks), comor-
bidities, socioeconomic status, psychosocial factors, access
to medical care, and device(s) already used (Table 3) [12].
It is also important to consider an individual’s physical
and cognitive status, as well as whether they are ready for
a change. For people whose diabetes is partially or wholly
managed by someone else (i.e. young children or people
with cognitive impairments), the caregivers’ skills and
preferences also need to be considered [1].

Suggestions for action

Healthcare professionals should support people with
diabetes to select optimal diabetes technology by:

e evaluating their willingness to engage in the
selection of the technology (e.g. determine what
their treatment goals are)

e providing access to or recommending informative,
accurate and user-friendly videos and tutorials and
training sessions on websites and social media

e raising awareness of the range of device options
available, for example by using a virtual showroom
on social media

o facilitating access to healthcare professionals who
can answer questions and guide individual
decision-making, for example specialist nurses,
physicians, diabetes educators, pharmacists and
mental healthcare professionals

e giving people with diabetes the opportunity to try
out advanced technology devices before
committing to them in the long term.

@ Springer

Types of diabetes and diabetes technology
Type 1 diabetes and diabetes technology

Diabetes technology has transformed the management of
type 1 diabetes over the last 50 years, starting with the
availability of personal blood glucose meters in the 1970s,
followed by insulin pumps (continuous subcutaneous insu-
lin infusion or CSII) since the 1990s [13], continuous glu-
cose monitoring (CGM) systems since the 2000s [14] and
automated insulin delivery (AID) systems since 2016 [15],
which use algorithms to automatically adjust basal insu-
lin delivery based on CGM measurements. These diabetes
technologies have allowed people with diabetes who have
access to appropriate devices to make data-driven decisions
to improve glucose management and reduce the daily bur-
den of diabetes.

However, challenges remain, as advanced technologies
have high acquisition costs (even if cost-effective) and are
not accessible to all with type 1 diabetes, even in higher
income countries [16]. This highlights the need for more
affordable options and far-sighted decisions by healthcare
systems (irrespective of their own specific funding mod-
els). Reorganisation of healthcare delivery may be required
to ensure that people with diabetes receive proper educa-
tion on new technologies and integrate them correctly into
daily life (e.g. re-designation of healthcare professional
roles and use of remote and/or group education). For exam-
ple, in Scotland, additional administrative staff have been
secured from the National Health Service (NHS) so that
healthcare professionals can use their time more efficiently
in the roll out of the next stage of technology, and all users
of conventional CSII have the chance to upgrade to AID
systems [17]. This is a good example of helping healthcare
professionals on board individuals with diabetes to diabetes
technology.

A growing body of evidence indicates that diabetes
technology improves glycaemic outcomes in type 1 diabe-
tes, increasing the time in range (TIR) and the likelihood
of meeting other clinical targets across all age groups and
socioeconomic backgrounds [18, 19]. Of the available tech-
nologies, AID systems are best for the regulation of blood
glucose levels, with dual-hormone full closed-loop systems
being particularly effective in preventing hypoglycaemia in
individuals who are within the target range for glycaemic
management and have a longer diabetes duration [19]. The
use of AID systems also reduces diabetes distress com-
pared with usual care, without increasing the risk of adverse
events, both in adults and in children [20].

Current AID systems rely on carbohydrate counting to
achieve optimal glucose management; however, adequate
glucose management can also be reached using semi-quan-
titative carbohydrate estimation [21].
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Type 2 diabetes and diabetes technology

Until recently, individuals with type 2 diabetes had fewer
diabetes technology options, but access to CGM technology
is currently increasing, particularly for those who are insulin
treated. A key driver for widening access to diabetes tech-
nology among people with type 2 diabetes is the growing
evidence of benefit in this large patient group. Indications
for CGM have been expanding, from people with type 2
diabetes who require multiple daily insulin injections with
frequent blood glucose monitoring [22] to those requiring
less complex regimens, including basal insulin [23], and
even those not on insulin therapy [1, 24-27]. Additionally,
AID systems appear to be effective in people with type 2
diabetes on insulin therapy.

In some countries, such as the USA, modified versions of
CGM are available for over-the-counter (OTC) use. These
devices do not have the alarms or alerts of the prescription-
requiring devices and may be preset for different glucose
ranges; however, they are effective for people who wish to
pay out of pocket and monitor their glucose levels. Increasing
data exist to guide individuals and clinicians as to whether
CGM data reflect normal or abnormal glucose tolerance [28,
29]. Additionally, studies are beginning to show benefits from
the use of CGM in lifestyle programmes, often in conjunction
with other wearable technologies [30-32].

Recent meta-analyses have shown that, compared with
self-monitoring of blood glucose (SMBG), the use of CGM
is associated with better glucose management in people
with type 2 diabetes, both insulin and non-insulin treated
[33-36]. When consistent use of CGM is not feasible, peri-
odic use of personal or professional CGM may be consid-
ered to adjust medication and/or lifestyle [1]. A combination
of CGM and SMBG may also be used. For example, a CGM
system can be used for 2 weeks out of every 3 months, pref-
erably just before a visit with a healthcare provider [26].
When not using CGM, SMBG can be used as needed. This
can provide feedback on glucose changes in response to
food and exercise, as well as provide summary numerical
assessments of glycaemic management.

Recently, promising results have been obtained using
AID in the treatment of type 2 diabetes. The improvements
observed in study participants, in terms of both glucose
levels and psychological traits, mirrored the results seen in
people with type 1 diabetes: lower HbA | levels, increased
TIR without increasing the risk of hypoglycaemia, reduction
in distress related to diabetes and improved quality of sleep.
The superiority of AID was independent of participant age
and comparator regimen (multiple daily injections [MDI],
basal insulin or oral glucose-lowering medications, includ-
ing glucagon-like peptide-1 receptor agonists [GLP-1RAs]
and sodium—glucose cotransporter 2 [SGLT?2] inhibitors) and
was seen across diverse racial, ethnic and socioeconomic

backgrounds [37—43]. In people with type 2 diabetes, AID
may also mitigate clinical inertia and ease the burden of
insulin dose intensification when glycaemic targets are not
met (whether with insulin alone or with insulin plus non-
insulin glucose-lowering agents) [43].

Suggestions for action

e Healthcare professionals should consider the
needs and lifestyles of people with diabetes to
guide the selection of appropriate diabetes
technology.

¢ Healthcare professionals should recognise that the
needs and wishes of people with diabetes in
relation to use of diabetes technology may change
over time.

¢ People with diabetes using insulin (whether type 1
or type 2 diabetes) should have continuous access
to CGM; people using other treatments may benefit
from periodic use of CGM where resources are
constrained.

e AID systems with learning algorithms tailored to
individual needs should increasingly be adopted as
the standard of care in type 1 diabetes.

Special populations

People at high risk of hypoglycaemia Diabetes technology
can benefit individuals with long-standing type 1 diabetes
and impaired awareness of hypoglycaemia (IAH), a condi-
tion that affects 20-40% of people with type 1 diabetes and
increases the risk of severe hypoglycaemia. Both CGM and
AID reduce the frequency and magnitude of hypoglycaemic
events, although an elevated risk of severe hypoglycaemia in
IAH persists [44], underscoring an ongoing need for educa-
tional initiatives and improved treatment strategies. At pre-
sent, it is unclear whether CGM and AID restore awareness
of hypoglycaemia or simply decrease the frequency of hypo-
glycaemic episodes via alarms [45].

Older people Older adults with type 1 diabetes, who are
frequently affected by comorbidities, are at greater risk
of severe hypoglycaemia and its consequences, including
changes in cognition, seizures, falls and fractures [46]. Use
of diabetes technology by older people is growing, with a
remarkable impact on diabetes-related outcomes and quality
of life. In particular, CGM has been shown to increase TIR,
reduce time below range (TBR) and decrease the risks of
hypoglycaemia and hospitalisation [46, 47]. In some stud-
ies, CGM has also been shown to have a positive impact on
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psychological outcomes, patient satisfaction and quality of
life [48]. Concomitant use of smart insulin pens and CGM
has the potential to improve adherence to insulin dosing,
detect accidental incorrect dosing and reduce the risk of
severe hypoglycaemia [49]. Smart pens also represent an
excellent option for residents of long-term care facilities who
manage their diabetes under supervision [46].

In this population, insulin pump therapy may also mitigate
glucose variability and reduce the risk of hypoglycaemia,
but more data are needed on the use of insulin pumps by
older people with comorbidities, cognitive problems and an
inability to cope with emergencies (including pump malfunc-
tion) [46, 48]. Several trials have addressed the use of AID
in older people with diabetes; for example, compared with
sensor augmented pumps, hybrid closed-loop systems, have
been shown to decrease HbA |, increase TIR, decrease TBR
and hypoglycaemia, reduce the diabetes-related psychologi-
cal burden and increase self-confidence in managing diabetes
during exercise [50-52]. Future studies should focus on how
the new technologies can be used by older adults with cog-
nitive defects or who are non-autonomous, especially in the
context of long-term care facilities [53].

Pancreatectomy Because of a lack of both insulin and
glucagon, diabetes after total pancreatectomy presents with
higher glucose variability and an increased risk of hypogly-
caemia. A recent meta-analysis indicated that CGM used
in the perioperative period alone or in combination with a
pump improved glycaemic management and decreased the
risk of hypoglycaemia in this population [54]. In a single
case study, after problems (including severe hypoglycae-
mia) with several other modalities of insulin delivery, a
pancreatectomised individual was switched to AID, reach-
ing an acceptable level of glucose management [55]. In a
short, randomised crossover clinical trial, a bi-hormonal
AID system (i.e. administering both insulin and glucagon)
provided superior glycaemic outcomes to insulin pump and
pen therapy without increasing the rate of adverse events and
without requiring inputs related to meals or physical activity
[56]. Larger randomised trials that include formal assess-
ment of quality of life and diabetes distress as outcomes are
needed to assess the long-term effectiveness and safety of
AID systems after pancreatectomy.

Cystic fibrosis In addition to endocrine and exocrine pancre-
atic insufficiency, people with diabetes and cystic fibrosis have
increased rates of intermittent infections and experience fre-
quent use of steroids and chronic inflammation [57]. A recent
meta-analysis and systematic review of non-randomised stud-
ies reported that the weighted mean difference in HbA | was
4.1 mmol/mol (0.4%) lower with CGM than with SMBG,
albeit with a high risk of bias [58]. Studies on the use of insu-
lin pumps in cystic fibrosis are few and based on old models.
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Recently, a small, randomised crossover trial found that, with
respect to usual care, AID use in cystic fibrosis improved glu-
cose management, with more episodes of self-reported symp-
tomatic hypoglycaemia [59].

Islet cell/pancreas transplantation Beta cell replacement
(pancreatic islet/pancreas transplantation) is indicated for
people with type 1 diabetes with significant glycaemic vari-
ability and a higher risk of severe hypoglycaemia despite
optimised management, or who are unable to successfully
engage with diabetes technology [2, 60]. These procedures
can provide a period of insulin independence of varying,
sometimes limited, duration. Following beta cell replace-
ment failure, the use of AID may restore glucose manage-
ment, but further studies are needed to establish whether
AID may represent an alternative to re-transplantation [61].

Economic benefits and financial
considerations

Like all health interventions, diabetes technologies have a
cost encompassing financial, physical and emotional aspects.
Each diabetes technology prescription (or selection by a per-
son with diabetes) requires a choice, ideally made jointly
between the person with diabetes and their healthcare team.
Acquisition and running costs are likely to influence deci-
sion making in different ways depending on whether they are
paid directly by a state-funded healthcare system, covered
by healthcare insurance and/or paid for out of pocket by the
person with diabetes. ‘Co-pay’ systems may limit access for
some individuals. The complexity of a device and the training
required for its optimal usage also exert an influence.

Increasing evidence has shown that the use of diabetes
technology is associated with significant cost savings and
reduced rates of emergency department visits and hospitali-
sations. For example, economic benefits have been seen with
use of AID systems in people with type 1 diabetes [62, 63].
Reductions in hospitalisation rates and emergency depart-
ment visits have also been seen with use of CGM in people
with type 2 diabetes [64, 65]. Reduced hospitalisation rates
for acute diabetes events and cardiovascular complications
have been observed in adults with type 1 diabetes using
CGM in Sweden, and there is similar evidence from other
healthcare systems, including the Canadian private payer
system [66], Medicaid in the USA [64] and the French health
system [67], and from Swedish and Australasian registries
[68-71].

Despite the evidence-based benefits of diabetes technol-
ogy, coverage for devices is variable depending on the coun-
try and even the district of residence. For example, recent
policy changes in Australia have permitted examination of
how coverage of devices can impact care at a population



Diabetologia

level. Government funding for CGM was approved in April
2017 for people with type 1 diabetes under 21 years of age.
Before this change, ~5% of this population were using CGM,
but this increased to 79% 2 years after the subsidy became
effective. Concomitant with the adoption of CGM was an
increase in the odds of achieving an HbA . <53 mmol/mol
(7%), which persisted during the 2 year follow-up period
[70]. Subsequently, a cost analysis highlighted that govern-
ment-subsidised CGM was cost-effective compared with
user-funded access to CGM [71].

The evidence base that exists today supporting the cost-
effectiveness of diabetes technologies is summarised in the
standards of care from the ADA, consensus reports from the
ADA and EASD on the management of type 1 diabetes in
adults, and clinical practice guidelines from the International
Society for Pediatric and Adolescent Diabetes. These guide-
lines provide language that can be used to champion the
expansion of access to diabetes technology for people with
diabetes who can benefit [1, 2, 72]. For example, they can
be used to support healthcare professionals in discussions
with insurers on individual cases. Indeed, through the efforts
of multiple stakeholders in the UK, for example, guidance
from the National Institute for Health and Care Excellence
recommends the use of hybrid closed-loop AID systems to
support children and adults with type 1 diabetes to achieve
glycaemic targets (or avoid hypoglycaemia) provided these
are procured at a cost-effective price by the NHS from the
manufacturing companies [62].

Data analysis/interpretation

There have been considerable advances towards harmonis-
ing glucose data display among CGM devices. The ambula-
tory glucose profile (AGP) provides a template format [73,
74] and is now becoming the industry standard. However,
in our clinical experience there may be large differences in
how both people with diabetes and healthcare professionals
interpret data. At present, there remain nuances of presenta-
tion (and even colour coding) that may limit full interop-
erability. For example, some people with type 1 diabetes
worry about discrepancies between fingerstick readings and
CGM readings and revert to the old methods. Others find
CGM useful in avoiding hypoglycaemia, in avoiding foods
that result in ‘spikes’ or in monitoring mean glucose levels,
but still struggle to use the data to make appropriate adjust-
ments to their basal or bolus insulin doses. The situation is
not dissimilar for healthcare professionals, who are on a
spectrum of knowledge/expertise and numeracy. Some with
training or experience in data science can quickly grasp the
visual information presented in the AGP, but others may be
more reliant on summary statistics and derived parameters.
A stepwise approach to CGM interpretation is advised, that

is, the person reviewing the data should check the quality of
the data (e.g. percentage of time that the CGM was active)
before making suggestions on treatment adjustment. In their
standards of care, the ADA states that ‘Some authors also
suggest approaches to changing therapy plans based on
the data reviewed that enable healthcare professionals to
make a simple yet comprehensive review and plan of care
even within the time constraints of office visits’ [1]. For
this reason, some manufacturers provide automated deci-
sion aids with suggestions for insulin adjustment (albeit
with disclaimers in the user agreements covering poten-
tial harms). For the full benefits of CGM to be derived for
all, more research is required to evaluate how people with
type 1 diabetes and healthcare professionals interpret and
react to CGM data, how interpretations are influenced by
the method of data presentation and the reproducibility of
such interpretations within and between individuals. Such
research should assess whether there are systematic differ-
ences between specific groups of healthcare professionals
(e.g. doctors, nurses, dietitians) and people with diabetes
(e.g. children, adolescents, older people) in different con-
texts (e.g. pregnancy, community, inpatient, clinic) and how
such insights can be used to tailor training and education
for individuals.

Defining optimal outcomes

As traditionally defined, the optimal outcomes in diabetes
care involve multiple targets: glucose levels, blood pres-
sure, lipid levels, cardiovascular risk and diabetes-related
complications. Many factors must be considered for an indi-
vidual trying to reach such evidence-based goals and targets,
including the extent of diabetes distress and burden, access
to care, social determinants of health and personal prefer-
ences. Therefore, to achieve optimal outcomes, the focus
should shift towards personalised care (e.g. ‘How can the
available diabetes technology best be matched to each indi-
vidual with diabetes?’ and “Which factors determine whether
an individual can use diabetes technology, and which
devices should be considered?’) rather than crude metrics
(‘X% of my patients are on pumps’ or ‘Y% of our patients
are on sensors’). In addition, where resources are limited, it
is clearly appropriate to ask who will benefit most from the
use of diabetes technology. Such a shift in focus speaks to
reaching shared diabetes technology goals co-developed by
people with diabetes and their clinicians.

Access and disparities
As mentioned above, acquisition costs and prices of con-

sumables for diabetes technology can be high, and there
are costs associated with initiating and training people with
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diabetes on using diabetes technology and interpreting data.
Unfortunately, in many places, this has created a digital
divide in knowledge and access to technology as well as
in the availability of diabetes educators and training. This
can inadvertently worsen healthcare disparities and lead to
a lower rate of use of diabetes technology in the people who
need it most (e.g. in ethnic minority and other underserved
populations) [75-79].

To ensure that access to devices is equitable, it is criti-
cal for healthcare providers to be aware of potential biases,
sometimes subconscious, that may exist and impact prescrib-
ing patterns (Table 3) [76, 77, 79].

Even in a national healthcare system such as the NHS in
the UK, which is free at the point of delivery with no out-
of-pocket costs for people with diabetes, individuals who
are better educated or privileged and/or more knowledge-
able about the healthcare system generally advocate more
effectively for themselves so that, as coverage is extended,
they tend to gain access to newer diabetes technologies more
readily than those of lower educational and socioeconomic
status [7, 80-82].

Programmes have been developed to help increase diabe-
tes technology use by marginalised populations, with some
success. However, models of care require staff to be flexible
and spend time obtaining appropriate devices for individuals
and educating them on their use [83, 84]. Successful projects
may include involving healthcare professionals beyond the
immediate diabetes team (e.g. community pharmacists) or
changing the roles of existing staff [85]. For example, it has
been shown that educating older people on diabetes tech-
nology use takes longer than educating younger individuals
but is achievable if sufficient time is spent [86]. Where flex-
ibility and/or reallocation of roles cannot be offered, these
present significant barriers. There are published examples of
initiatives that have been successful in reducing the digital
divide [87, 88].

Inequality of access to diabetes technology, and indeed
any sort of specialised diabetes care, is a critical topic. A
study in the UK demonstrated that retinopathy was less
common in those on CSII than in those who were eligible
for CSII but continued on MDI; however, CSII users were
noted to be from less socially deprived areas [89]. Such
observations reflect complex societal issues. In addition,
disparities remain for diverse demographic groups and peo-
ple with physical impairments, including impaired manual
dexterity or visual impairment [90]. Other factors that can
impact access to diabetes technology include non-supported
languages, health/digital literacy issues and differences in
access to mobile phone signals and/or the internet. Finally,
refugees/immigrants lack access to diabetes technology
regardless of where they are located in the world.
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Historically, people with diabetes needed to be deemed
‘appropriate candidates’ to be prescribed diabetes technol-
ogy. Such evaluations are, of course, subjective, whether
derived from perceptions of the frequency of visits with
diabetes care providers, engagement with glucose monitor-
ing, ability to benefit from group structured education or
demonstration of basic knowledge about diabetes manage-
ment. With the ability to examine subpopulations in larger
trials and real-world datasets, it is clear that baseline HbA
and socioeconomic status should not be used to identify
those most appropriate for device use [91, 92]. ‘One-to-one
starts’ should be made available for those who cannot eas-
ily work in group settings or who require additional edu-
cational and technical support. Finally, there is anecdotal
evidence that people with diabetes may prefer devices that
are closer to their own skin colour. Manufacturers should
therefore consider offering a variety of options to improve
user satisfaction.

Just as the WHO has identified essential medications,
including insulin and glucagon, for people with diabetes,
we envision the evidence-based creation of an essential tech-
nologies list, which should be publicly available and acces-
sible anywhere. While the ultimate goal is to provide access
to the most advanced and current diabetes technologies, it
is critical to understand that there are settings, particularly
in low- and middle-income countries, where individuals can
only afford/be provided with test strips and a glucose meter.
In these settings, it is not feasible to test blood glucose levels
as often as would be optimal. A degree of pragmatism is
required on the part of healthcare professionals, champi-
oning equity of access but approaching each individual in
their own right (e.g. HbA . targets may need to be higher
for some people with diabetes so that they can be as healthy
and safe as possible within the healthcare environment in
which they reside).

Suggestions for action

* Healthcare professionals should provide access to
diabetes technology according to needs, without
regard for the type of diabetes, working towards
equitable access and avoiding any disparities
attributable to subconscious bias.

e Healthcare professionals should provide training
and education in the technical aspects of diabetes
technology.

* While recognising that economic barriers exist and
are difficult to overcome, healthcare professionals
should not limit access to diabetes technology
based on economic considerations.
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Physical concerns: skin issues

To ensure proper functioning, glucose sensors must remain
securely attached to the skin, especially during periods of
high activity (i.e. exercise, manual work, contact sports).
If a sensor detaches, it may be necessary to wait for a new
sensor, as the number of sensors permitted in a given time
period may be capped by an individual’s insurance cover-
age or healthcare system. In this regard, healthcare profes-
sionals should try to find ways of permitting flexibility and
avoiding out-of-pocket expenses.

Skin irritation (e.g. erythema and itching) from the
adhesive used to fix a device (or from the plastic housing
of the device itself) has been reported by up to one-third of
individuals with diabetes and may lead to discontinuation
[93-95]. Devices used for diabetes treatment can also cause
skin injury (e.g. allergic/hypersensitivity reactions, contact
dermatitis) or scarring with long-term use. Research and
innovation are needed in this domain (e.g. use of alternative
‘hypoallergenic’ adhesives). Implanted CGM devices can
overcome some of the skin issues, although a transmitter
does need to be placed on top of the sensor and occasion-
ally the device fails and needs to be removed and re-inserted
[96].

Devices that infuse insulin can cause lipohypertrophy
[97], and continuous use of the same location can make
insulin absorption erratic. Research is ongoing to better
characterise device—dermis interactions and how to optimise
insulin delivery [98].

Approaches to prevent and treat dermatological reac-
tions to diabetes technology vary but often require trial
and error. Suggestions based on clinical experience have
been published and can also be found on various websites
[99, 100].

Psychosocial considerations

People with diabetes: psychological barriers Although dia-
betes technology helps people with diabetes achieve their
glucose targets and often has a positive impact on psycho-
social outcomes, its adoption can be limited by psychologi-
cal barriers including diabetes distress, diabetes burnout,
unrealistic expectations and the impacts of depression, anxi-
ety and attention deficit hyperactivity disorder (ADHD) on
self-care [101, 102]. Continuous device use can make dia-
betes more visible to others, potentially leading to feelings
of embarrassment or self-consciousness [103]. Some people
with diabetes may experience a sense of being ‘tethered’
to their devices or may express concerns about appearing
overly medicalised or ‘robotic’ in social settings [104].

Anecdotally, tubeless pumps may be more acceptable to
such individuals; their availability should be highlighted
(particularly to adolescent patients) and such devices should
be included in the range of diabetes technology offered at
the time of initiation.

Parents of children with diabetes have expressed fears of
physical discomfort and interference with physical activity
in their children, which they perceive may outweigh the
advantages of diabetes technology [105]. Concerns around
physical intimacy have also been expressed by adolescents
and adults [106]. Additionally, worry related to the inser-
tion of the cannula for an insulin pump infusion set can
temper enthusiasm for adoption of this device, which is also
the case for the replacement of glucose sensors in CGM
systems. Finally, the quantity of information provided by
glucose monitors can be overwhelming, which may impact
initiation and persistence of device use [103, 105]. Such
concerns may best be addressed by discussing the wealth
of evidence supporting the beneficial impact of diabetes
technology.

Newer studies assessing AID systems have often shown
improvements in psychological outcomes and quality of life
[107-109] and self-reported state, anxiety and guilt [110],
while not completely abolishing diabetes distress [38, 111].
Several surveys [112—-114] have also shown the persistence
of psychosocial symptoms in some individuals using diabe-
tes technology. This may be because there is always a burden
to device use; even when using a device, managing diabetes
still requires time, input and attention.

In some cases, there may be a need to include a clini-
cal psychologist when deciding on the use of advanced
technologies in diabetes [115]. However, it is always up to
the individual with diabetes to decide what is best, given
that they will be wearing the device 24/7. People can trial
a device or switch from one system to another, depending
on coverage. It may be necessary to take a temporary break
from technology, which is acceptable as long as there is a
safe back-up plan in place for diabetes management.

Healthcare professionals: psychological barriers Healthcare
professionals can find it difficult to stay up to date with the
rapid developments in diabetes technology; they require
education and time for continuing professional development
[103]. Within a large diabetes team, it may be appropriate
for some healthcare professionals to focus on people with
diabetes using advanced diabetes technology, while others
remain responsible for educating team members on develop-
ments and building confidence.

As discussed above, implicit biases that induce inequity
in access to diabetes technology must be actively combated.
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Some healthcare professionals may perceive that people
with diabetes dislike wearing devices, that diabetes tech-
nology may be too complicated for them or their families
or that technology will increase the time spent on diabetes
management [116]. There may also be implicit biases that
restrain healthcare professionals from proposing diabetes
technology to people with diabetes who they may consider
not to be ‘good’ candidates, perhaps because of their age,
low education level or low income. It is critical to under-
stand the consequences of such biases, whether implicit or
explicit [117].

The perception of an individual’s device readiness should
be openly discussed with the individual to limit the risk of
denying access to technology [104, 118].

Suggestions for action

e People with diabetes should be educated and
informed about the benefits and challenges of
diabetes technology and made aware of possible
complications.

¢ Healthcare professionals should provide education
on diabetes technology use and provide solutions
to common skin/device attachment issues.

e Healthcare professionals should explore and
address psychological barriers and expectations
according to individual needs.

e Including a behavioural specialist in making
individual decisions about use of diabetes
technology can be helpful.

e Healthcare professionals need time and resources
to stay up to date on diabetes technology, including
ongoing professional education.

Safety

Even with modern technology systems, errors can occur,
for example insulin pump failure, insulin precipitation and
infusion set obstruction, problems at the infusion site, user
error or a combination of these issues. Pump failure can
be due to mechanical problems or to software malfunction
and entails an increased risk of ketoacidosis and hypogly-
caemia [119, 120]. CGM devices can be inaccurate, lose
connectivity and/or stop working. Moreover, AID systems
that use algorithms that are one size fits all may be less
safe for individuals who habitually undertake extreme or
intermittent exercise.

Thus, safety should be considered when matching peo-
ple with diabetes to diabetes technology and there must
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be adequate training and follow-up, as well as training for
healthcare professionals. Even though many of the insulin
dosing decisions are made automatically, providing a person
with diabetes with the best hardware is only one step in the
process of achieving an optimal clinical outcome. Training
and education for people with diabetes should be provided by
healthcare professionals according to the level of technology
offered [21, 121, 122]. Additional support will be required for
individuals who are unable to read; efforts should be made to
personalise patient education and understanding of materials
(typically, healthcare information is provided in a format suit-
able for people who can read at a higher level).

The automation behind AID systems lowers the level of
understanding required to manage diabetes and optimise treat-
ment; however, this only holds true if the technology always
works perfectly. As this is not the case in daily life, people
with diabetes need to have access to back-up strategies and be
able to solve problems when specialist support is less avail-
able. For example, if there is inadequate understanding of a
concept such as ketone testing, a reaction to a technical issue
might not be sufficient and might result in further harm.

Suggestions for action

e Professional societies and other educational
providers should include individualisation of
diabetes technology as a standard in training and
educational programmes for healthcare
professionals.

e Such programmes should cover a range of
technologies and include topics such as training of
caregivers and organising a diabetes technology
outpatient clinic.

¢ Healthcare professionals should ensure that people
with diabetes using technology know how to
troubleshoot and revert back to the lowest tech
approach when needed.

Role of remote monitoring technology
for virtual diabetes care

The potential of remote monitoring in diabetes care was dis-
cussed long before the COVID-19 pandemic, particularly for
those who need more frequent follow-up or who live far from
major centres. However, previously, telehealth for minority or
other populations was not uniformly reimbursed, frequently
used or easily accessed by individuals [123]. Two main fac-
tors have been critical in making remote monitoring a real-
ity in recent years: (1) the commercial availability of CGM
and AID systems, with integrated software permitting the
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sharing of data with healthcare professionals via smartphone
apps and secure web-based platforms; and (2) the COVID-19
pandemic, which forced rapid changes in practice [124, 125].

When traditional, clinic-based models of care were sud-
denly no longer feasible during the COVID-19 pandemic,
healthcare professionals rapidly transitioned to phoning (or
video calling) patients on their clinic lists and were able to
access clinical data through cloud-based portals. For those
who had access to CGM systems, this was of considerable
value, as adjustments in insulin and other glycaemic thera-
pies could be made based on TIR, individual day glucose
profiles and estimates of HbA | based on remotely accessed
data. There was also an increase in use of CGM data in inpa-
tient settings to reduce face-to-face contact between staff and
patients [126, 127].

Many of these examples of innovation have persisted
since the pandemic ended and are particularly valuable for
certain individuals, with available evidence showing the
benefits of telemedicine [128, 129] as well as some of the
gaps that remain [130]. For example, many clinics offer
patients a mixed model in which some aspects of care can
be addressed in remote consultations, while others require
face-to-face appointments (or can vary according to ongoing
needs). This can help to improve access to diabetes technol-
ogy and enable tailoring of services to people with diabetes,
for example those who do not wish to (or cannot) take time
off work for diabetes review. Additionally, if patients are ill
(e.g. have respiratory symptoms), healthcare professionals
can review them remotely without personal exposure to risk.

On the other hand, some people with diabetes do not see
remote review as adequate and may be keen to return to a
full clinic-based model. Anecdotally, some individuals have
reported being unhappy not to have ‘seen a doctor’ since
before the pandemic, despite having regular remote appoint-
ments. A key disadvantage of over-reliance on remote moni-
toring is that certain key health parameters are not as easily
measured at home, including renal function, blood pressure,
cholesterol and albuminuria, as well as skin assessments and
checks for eye and foot complications. Some solutions have
been proposed for these issues but have not yet been widely
implemented [131].

Remote monitoring can be performed in a synchronous
or an asynchronous manner. Much of what is discussed
above relates to the synchronous (or real-time) use of remote
monitoring. However, asynchronous monitoring can allow
for clinic-based protocols that use cloud-based programs to
continuously monitor patients, generating alerts to clinic staff
concerning glucose levels or use of devices. Wearables are
becoming increasingly common in the general population
for a variety of uses [132] and there are reports of successful
use of this technology in cardiology [133], for monitoring
high-risk diabetic feet [134] and in paediatric diabetes pro-
grammes [135], with potential for expansion into other areas.

People living in rural areas are the ideal target for tel-
emedicine, but they may experience specific barriers, includ-
ing limited internet access, fewer technological services
and socioeconomic barriers. Although the evidence is still
incomplete, it appears that use of telemedicine in rural areas
may improve glycaemic management, increase medication
adherence and improve compliance with quality indicators.

Better results may be obtained in the future if telemedi-
cine can be adopted into structured programmes addressing
patient motivation in collaboration with local healthcare
personnel [136].

Under-resourced individuals also experience barriers to
accessing telemedicine, even though it may be of benefit.
They may not have compatible smartphones or computers
at home for data sharing and video-enabled visits. Internet
access and mobile phone service may be limited, and some
workplace environments (e.g. fieldwork, construction work,
housekeeping, factory work) may not allow for breaks for
telemedicine visits [137]. These factors contribute to the
digital divide as well as to digital literacy. If people have no
access to the tools, they will not learn how to use them for
their healthcare.

Individualisation

In the USA, the Food and Drug Administration (FDA) has
authorised the use of CGM systems, insulin pumps and AID
controllers to create an ecosystem of AID components that
can be mixed and matched to fit the individual needs of peo-
ple with diabetes. Nevertheless, challenges remain in the
interoperability of various components, and academic and
corporate groups should continue to work on developing a
global interoperability standard [138].

There are several potential future directions for the devel-
opment of more individualised AID systems, including bet-
ter insulin time—action profiles, alternative routes of insulin
delivery, novel control algorithms and incorporation of adjunct
agents (e.g. glucagon, amylin, GLP-1RAs, and SGLT2 inhibi-
tors). Additional inputs, such as motion sensing, meal detec-
tion, environmental factors and disturbance anticipation, may
be employed to manage and individualise post-meal hyper-
glycaemia and exercise-related hypoglycaemia. Sensors that
provide additional signals (e.g. active insulin, lactate, ketones)
may be helpful for some people with diabetes to optimise insu-
lin dosing relative to current needs. In addition, further tech-
nological improvements in the sizes and shapes of devices,
battery life, insulin infusion sets, physical specifications, sta-
bility, and safety of data communications, and additional cus-
tomisation of the AID hardware and software to suit the needs
of people with diabetes, are also needed. Many lessons can be
learned from people with diabetes themselves, who pushed
ahead the development of ‘DIY AID’ systems [139].
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A promising application of cloud databases and data sci-
ence tools is the use of adaptive technologies that can ‘learn’
and personalise the response of an AID system to the indi-
vidual. Preliminary work showing the potential of adapta-
tion has already been published, and a long-term vision for
an AID personalised medicine strategy has been presented
[140, 141]. Direct integration of key data from CGM and/
or AID systems is needed. This integration is important for
ease of access by clinicians and ease of communication with
people with diabetes and for population health management/
case management.

Suggestions for action

e Healthcare professionals should support the
integration of remote monitoring of diabetes
technology data into electronic medical records to
improve care.

e As much as possible, based on healthcare system
policies, healthcare professionals should continue
to provide virtual visits to facilitate care for
individuals using diabetes technology.

¢ Manufacturing companies should be encouraged
and incentivised to continue to innovate and
improve technical aspects of diabetes technology,
including implementing systems that can ‘learn’ and
personalisation of AID systems.

Conclusions

It has been shown in multiple settings, including in peo-
ple with type 1 and type 2 diabetes of different ages, that
diabetes care and outcomes can be improved by diabetes
technology. However, there are many factors to consider
when implementing diabetes technology in clinical prac-
tice. Despite some diabetes technologies being available
for over a decade (e.g. CGM), barriers to use still exist.
In primary care settings, where many people receive their
diabetes care, access to diabetes technology may be lim-
ited. Healthcare professionals using diabetes technology
should remain abreast of new technology as it develops or,
at a minimum, have access to colleagues to whom they can
refer individuals to discuss the different options available.
Taking time to educate people with diabetes and discuss
available diabetes technologies in detail is essential and may
help overcome perceived barriers to adoption. Joint deci-
sion making is a foundation of care, guided by individual
factors. In the age of precision medicine, individualisation
of care is critical, and access to diabetes technology should

@ Springer

be facilitated for people with diabetes, with the choice of
device based on their needs, preferences and skills. In par-
ticular, the availability of AID systems should be highlighted
to children and adults living with type 1 diabetes in order to
improve glycaemic outcomes, and with the aim of reducing
disparities. Ongoing high-quality education of people with
diabetes, caregivers and healthcare professionals is neces-
sary to keep moving towards this goal. In summary, this
article synthesises data on the challenges of implementing
different diabetes technologies. We emphasise the need to
provide practical and sustainable operational guidance to
healthcare professionals, health systems, payers and regula-
tory agencies on how to improve the overall implementation
of diabetes technology and maximise the benefits of its use.
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