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ABSTRACT

As increasing numbers of people with insulin-
managed diabetes use automated insulin deliv-
ery (AID) systems or seek such technologies,
healthcare providers are faced with a steep
learning curve. Healthcare providers need to
understand how to support these technologies
to help inform shared decision making, dis-
cussing available options, implementing them
in the clinical setting, and guiding users in
special situations. At the same time, there is a
growing diversity of commercial and open
source automated insulin delivery systems that
are evolving at a rapid pace. This practical guide
seeks to provide a conversational framework for
healthcare providers to first understand and
then jointly assess AID system options with
users and caregivers. Using this framework will

help HCPs in learning how to evaluate potential
new commercial or open source AID systems,
while also providing a guide for conversations
to help HCPs to assess the readiness and
understanding of users for AID systems. The
choice of an AID system is not as simple as
whether the system is open source or commer-
cially developed, and indeed there are multiple
criteria to assess when choosing an AID system.
Most importantly, the choices and preferences
of the person living with diabetes should be at
the center of any decision around the ideal
automated insulin delivery system or any other
diabetes technology. This framework highlights
issues with AID use that may lead to burnout or
perceived failures or may otherwise cause users
to abandon the use of AID. It discusses the
troubleshooting of basic AID system operation
and discusses more advanced topics regarding
how to maximize the time spent on AID sys-
tems, including how to optimize settings and
behaviors for the best possible outcomes with
AID technology for people with insulin-requir-
ing diabetes. This practical approach article
demonstrates how healthcare providers will
benefit from assessing and better understanding
all available AID system options to enable them
to best support each individual.
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PLAIN LANGUAGE SUMMARY

Automated insulin delivery (AID) systems are a
useful tool for people with insulin-requiring
diabetes. AID systems include an insulin pump,
continuous glucose monitor (CGM), and an
algorithm embedded within the pump or a
separate mobile device that can determine and
automatically adjust insulin delivery in
response to glucose levels. There are now a
number of AID systems available, some which
are made and distributed by commercial man-
ufacturers and some that are available open
source. Both open source and commercially
developed automated insulin delivery systems
have been proven to be safe and effective. Open
source and commercially developed automated
insulin delivery systems have also been proven
to improve the quality of life of people with
insulin-requiring diabetes. The choice of an AID
system is not merely whether the system is open
source or commercially developed. There are
multiple criteria to assess when choosing an
AID system: pump, CGM, smartphone connec-
tivity and algorithm capabilities, flexibility of
the system overall, and interoperability with
connected platforms for real-time data access.
Most importantly, the choices and preferences
of the person living with diabetes should be at
the center of any decision around the ideal
automated insulin delivery system or any other
diabetes technology. Healthcare providers will
benefit from assessing and better understanding
all available AID system options to enable them
to best support each individual. This practical
guide seeks to provide a conversational frame-
work for healthcare providers to first under-
stand and then jointly assess AID system
options with users and caregivers.

Keywords: Automated insulin delivery; AID;
Closed loop; Diabetes; Diabetes self-care;
Diabetes self-management

Key Summary Points

Healthcare providers need to understand
automated insulin delivery (AID) systems to
help inform shared decision making,
discussing available options, implementing
them in the clinical setting, and guiding
users in special situations.

There are a number of both open source and
commercially developed AID systems, all of
which have been proven safe and effective,
but there are multiple other criteria to assess
when evaluating the AID options for each
individual user.

The choices and preferences of the person
living with diabetes should be at the center
of any decision around the ideal automated
insulin delivery system or any other diabetes
technology.

Healthcare providers will benefit from
assessing and better understanding all
available AID system options to enable them
to best support each individual.

INTRODUCTION

As increasing numbers of people with insulin-
managed diabetes use automated insulin deliv-
ery (AID) systems or seek such technologies,
more healthcare providers are faced with a steep
learning curve [1–4]. Healthcare providers need
to understand how to support these technolo-
gies to help inform shared decision making,
discussing the options available, implementing
them in the clinical setting, and guiding users
in special situations [5]. At the same time, there
is a growing diversity of commercial and open
source automated insulin delivery systems that
are evolving at a rapid pace. How might
healthcare providers learn about this technol-
ogy in a way in which they can support users
and caregivers with AID systems? This practical
guide seeks to provide a conversational
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framework for healthcare providers to discuss
and jointly assess AID system options with users
and caregivers. Using this framework will help
HCPs in learning how to evaluate potential new
commercial or open source AID systems, while
also providing a guide for conversations to help
HCPs to assess the readiness and understanding
of users for AID systems. This article will focus
on the more recent hybrid and fully closed loop
AID systems, rather than low-glucose suspend
or predictive low-glucose suspend systems.

This framework focuses on providing a step-
wise progression for users and carers (and pro-
viders) to get familiar with the basics of AID
systems (see Fig. 1 for an overview). It provides a
way to address issues that might lead to a high
technical burden or issues that may lead to
burnout or perceived failures or may otherwise
cause them to abandon its use, before moving
on to more advanced topics [6]. With the mas-
tery of each step in the process, people with
diabetes should see a reduction in the burden of
diabetes management, allowing them to make
further improvements over time in both their
quality of life and glycemic levels.

This guide is structured chronologically,
representing a logical progression of increasing
familiarity with AID systems. It first provides
background information on AID systems, and
then imparts information relating to how to
help people with diabetes or caregivers to choose
between different AID systems. It moves on to
talk about how to ensure and troubleshoot basic
AID system operation. It then finally discusses
more advanced topics regarding how to maxi-
mize the time spent on AID systems and how to
optimize settings and behaviors for the best
possible outcomes. Article is based on previously
conducted studies and does not contain any
new studies with human participants or animals
performed by any of the authors.

BACKGROUND

Automated insulin delivery (AID) systems have
been available commercially for years in some
places, but not all. Open source AID was devel-
oped in order to address the patient need for AID
before any commercial solution became

available [7]. Despite the increase in some coun-
tries of commercially available systems, in other
countries, open source solutions are still the only
available option for patients; in other cases, open
source AID may be one of the more affordable
options [1]. Both open source and commercial
automated insulin delivery systems represent
effective and safe treatment options for people
with diabetes of several age groups and genders
and other demographic categories [8].

For example, a meta-analysis of 12 random-
ized control trials (RCT) found better outcomes
with AID than with a sensor-augmented pump
(SAP) in average glucose levels as well as the low
blood glucose index (LBGI), high blood glucose
index (HBGI), and standard deviation (SD) of
glucose variability [9]. In addition, this meta-
analysis found that SAP therapy was associated
with more adverse effects, one of the most
common being hypoglycemia.

A recent RCT specifically assessed the safety
and efficacy of an open source AID, using the
OpenAPS algorithm in a modified version of
AndroidAPS, and found it to be safe and effica-
cious for both children and adults, with the
percentage of time that the glucose level was in
the target range of 3.9–10 mmol/L (70–180 mg/
dL) being 14 percentage points higher among
those who used the open source AID system
(95% confidence interval [CI] 9.2–18.8;
P\ 0.001) compared to those who used sensor-
augmented pump therapy [10]. No severe
hypoglycemic or DKA events occurred in either
arm.

In addition to the overall safety and efficacy
of both commercial and open source AID sys-
tems for general populations of all ages of chil-
dren and adults, additional evidence
demonstrates their safety in many subpopula-
tions and use cases, such as in young children
[11, 12] and older adults [13], during fasting
[14], and during pregnancy [15, 16].

As a result, healthcare providers would do
well to learn the basics of both commercial and
open source automated insulin delivery systems
because each type of system (and each system
within those categories) offers different benefits
and challenges, including component makeup,
algorithm sophistication, device interoperabil-
ity, flexibility, customization, and more.
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Open Source AID Systems

Within the open source ecosystem, there are
three commonly used AID systems. OpenAPS,
the first available open source system, uses a
minicomputer instead of a phone to host a
customizable and sophisticated open source
algorithm alongside a commercially available
insulin pump (also known as continuous sub-
cutaneous insulin infusion therapy or CSII) and
a continuous glucose monitor (CGM) [17].
AndroidAPS, which also uses the OpenAPS
algorithm, is hosted within an Android phone
application and works with a radio bridge
device to communicate with some commercial
insulin pumps, but it also has direct Bluetooth
communication capabilities with other Blue-
tooth-enabled commercial insulin pumps [18].
Loop, which uses a different algorithm, is hos-
ted within an iPhone or iOS device and also uses
a radio bridge to translate communications
between an iPhone and a commercially avail-
able insulin pump [19].

Commercial AID Systems

Among the commercially available systems,
access may differ by country. A commercial
system sometimes contains the algorithm
within an insulin pump (670G, 780G, Control-
IQ, Omnipod 5) or separate handheld controller
device, whereas in other systems it may be
contained in a separate smartphone device
(CamAPS-FX and Diabeloop for Android, Med-
trum Touchcare Nano for both iOS and
Android). Additionally, there may be different
setting options, such as glucose targets, that are
used by the system [20].

Evolution of Devices

Both categories of open source systems and
commercial systems have evolved over time
[21]. For example, users of open source AID
systems can in some cases choose combinations
of settings such as ‘‘unannounced meal’’ and/or
‘‘supermicroboluses’’ (SMB) to eliminate meal
boluses and/or meal announcements (e.g.,
avoid meal interactions completely or choose
less precise carb-counting estimates to enter
into a system) [22]. Most early studies with
unannounced meals, even those with add-on
therapies in commercial systems [23], indicated
that the early versions may have tradeoffs in
overall time in range (TIR) with a lack of user
input, although individual evidence from the
diabetes community suggests a higher TIR in
the real-world use of open source AID [24].
Evolutions of commercial systems from version
to version might involve changes to CGM
capabilities, target adjustments, or other algo-
rithm or usability adjustments, such as options
to do meal announcements without precise
carbohydrate counting [25]. Additionally, even
if such features are not marketed, people with
diabetes may find themselves trialing different
approaches to meal announcement, such as less
precise carbohydrate counting [26], and find
that the systems which adjust successfully are
worth the tradeoff between inputting precise
carbohydrate counts and achieving the highest
possible TIR outcomes. Commercial systems
usually change across named versions (e.g.,
Medtronic’s 670G is followed by the 780G),
whereas open source systems change more fre-
quently and therefore may require a more
extensive conversation around which version,
settings, and targets a patient is using at any
given time, as well as an awareness of expanded
compatibilities with insulin pumps and CGM
options.

Choosing the Right Options—Healthcare
Provider Awareness is Key

There are pros and cons to any system, and also
in the choice of whether to take advantage of
open source systems or commercially available

bFig. 1 A step-by-step overview for healthcare professionals
supporting individuals with insulin-requiring diabetes who
are interested in exploring open source and/or commercial
automated insulin delivery systems
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systems (Table 1). But these choices are oppor-
tunities, whereas people with diabetes have
historically been limited in the availability of
tools to choose from in the past. When people

with diabetes are newly diagnosed, it is easy for
them to feel overwhelmed with everything new
they are facing. Healthcare providers may feel
similarly overwhelmed in the face of the

Table 1 Pros, cons, and similarities of commercial and open source automated insulin delivery systems

Commercial AID systems Open source AID systems

Advantages •Onboarding program

•HCP training and support by

industry

•Customer support

•Less variables / simple

•(In some systems, non

smartphone-based options are

possible)

•In-warranty device, possibly
covered by insurance

•Regulatory approval

•Community-developed onboarding/self-education

•Various pump/CGM options

•Lower acquisition and running costs (e.g., intermittently scanned or

flash CGM as well as multiple other CGM options, variety of older

pumps, no-cost algorithm)

•Community support

•More frequent updates

•Increased interoperability

•More variables and interface options

•Smartwatch and remote bolus options

•Visibility of how the system works

•Available for different phone platforms and also a nonphone option

Disadvantages •Possible additional cost for some

algorithms or systems

•Limitations in pump and CGM

options

•Less ability to customize variables

•May require a new pump

•‘Learning’ systems may not adapt

to rapid changes

•Requires real-time CGM

•Not available or approved in every

area

•Lack of visibility into how the

system works

•Insurance may not cover associated diabetes or mobile devices

•No regulatory approval*

•Perception that the technical setup and initial learning are more

complex

•Range of variables

•Possibly limited HCP support

Summary of

similarities

•Different pump and CGM options

•A variety of algorithm options are possible

•Research and scientific evidence

•Support of different kinds

* Multiple open source AID systems are in the process of being submitted or reviewed by regulatory agencies [47]
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plethora of new technology available for people
with diabetes. But, like the advice to the newly
diagnosed to take it one step at a time, this
guide will aid healthcare providers in taking it
one step—and one question—at a time to build
their understanding of automated insulin
delivery systems and enable them to assess their
patients’ understanding of the choices for
automated insulin delivery as well.

EVALUATING THE CHOICES
OF AUTOMATED INSULIN DELIVERY
SYSTEMS

The first step for anyone interested in AID is to
determine what their goals are and select an
AID system that is most likely to help the per-
son with diabetes to achieve those goals.

For any particular system, regardless of
whether it is open source or commercially
developed, healthcare providers and individuals
with diabetes should be able to answer the fol-
lowing questions regarding each system they
are evaluating for potential use:

• How does it generally work to automate
insulin delivery? What physical components
(e.g., pump, CGM, and/or mobile devices)
are required? What components are
optional?

• When does it work? For example, does the
system ‘‘turn off automation’’ at any point?

• What are the baseline targets for the system?
When can you change the targets, and to
what levels? What does target changing do
with regards to how the system makes
decisions?

• What outcomes do people typically get with
real-world use from these systems? What
overall TIR % is achieved, for what range
(e.g., 70–180 mg/dL)? What is the average
estimated glucose or A1c that corresponds
with those outcomes?

• Are meal boluses required to get the stated
outcomes from the system? Additionally,
what type of inputs are required for meals?
What level of precision is needed in carb
counting to get a reasonable post-meal
outcome?

• How can data be viewed in real time and
retrospectively regarding what the system is
doing and how it has performed?

• If a system requires calibrations for a con-
tinuous glucose monitor (CGM), how does
calibration (or a lack thereof) impact the
system’s operation?

• What settings can be changed within the
system? What information is available to aid
in determining whether settings could or
should be changed?

• What remote following and/or monitoring
capabilities exist with the system?

• What resources and support exist for the
system?

CHALLENGES OF AUTOMATED
INSULIN DELIVERY SYSTEMS

There are known pain points or challenges with
each type of system.

For example, many individuals with diabetes
are frustrated by being restricted from using
automated insulin delivery when using one
commercial system that requires a certain
number of calibrations to the CGM [27, 28].
Other frustrations have been expressed in the
diabetes community towards commercial sys-
tems with regard to the inability to adjust tar-
gets or achieve higher levels of TIR with a lower
average glucose, communication errors between
devices that compose the system, and a lack of
settings options [29].

There are also possible points of frustration
with open source systems. In some cases, the
perceived effort required to initiate acquiring
and building their own system may be high.
Typically, there is no company to call if the
system breaks; instead, people rely on self-
knowledge and/or community support to fix
any issues, although there is a growing group of
paid services in various countries that may offer
additional support. Also, although there is a
growing body of evidence regarding the safety
and efficacy of open source systems [30–39],
including results demonstrating safety and effi-
cacy from a randomized control trial [10, 40], as
well as studies evaluating open source in
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comparison to commercial systems [41], none
are currently regulatory approved, which also
may be a sticking point for both patients and
providers. For providers, though, there is a
newly released international consensus state-
ment [3] that supports the implementation of
open source systems in clinical settings and
indicates that open source is a safe and effective
treatment option and that healthcare providers
have a responsibility to learn about all treat-
ment options for people with insulin-requiring
diabetes, including these open source systems.
Ultimately, it also reminds providers that peo-
ple with diabetes should have autonomy and a
choice of treatment options.

Overall, it is worth being aware of not only
the potential opportunities of a particular sys-
tem but also the potential challenges of each
system as well. In some cases, certain chal-
lenges may be blockers for individuals to use a
particular system; in other cases, due to per-
sonal preferences and lifestyle, there may be
elements that a particular person does not care
about and do not factor in to drive the decision
of which system to choose. This may include
preferences regarding seeking the highest pos-
sible time in range, or preferences regarding
limiting user interaction or troubleshooting
devices. Not all individuals living with diabetes
will have the same preferences, so individual-
ized conversations and assessments are
important.

Additionally, it is common when discussing
open source or commercial AID to bring up the
potential additive risk of automated insulin
delivery. While some risk is introduced by
automation, and people should certainly be
aware of the risk, it is important to contextual-
ize this risk with regards to the already high risk
of manual insulin dosing that people with
insulin-requiring diabetes face every day, and
how that is reduced by the use of automated
insulin delivery systems [42]. Automated insu-
lin delivery, both commercial and open source
[3, 8, 41], is considered to be safe and effective.

TROUBLESHOOTING AID
AND ENSURING THE BASIC
OPERATION OF AID

Once an AID system is selected and the person
begins using it, the next goal is to ensure that
they are well equipped to make sure it continues
to work for them, and that they do not get
frustrated with the system or give up on it.

Whether open source or commercially
developed AID is chosen, sometimes diabetes
technology will break or will appear to be not
working. Just like there is a learning curve in
switching from multiple daily injections to an
insulin pump with regards to using a bolus
calculator, navigating pump menus, and pro-
gramming basal rates, there is also a learning
curve for understanding how to operate a cho-
sen AID system and how to get the desired
impact in different situations.

Part of being able to troubleshoot an AID
system is understanding the basics of how the
system works. For example, all AID systems
have an algorithm (potentially hosted within
the pump body or a mobile device), an insulin
pump, and a continuous glucose monitor
(CGM). There also may be optional apps for
CGM and/or AID data display, either in real
time or for retrospective analysis.

Some aspects of troubleshooting involve
ensuring that the basic components are in
place: a working insulin pump; a healthy can-
nula insertion site; a correctly filled insulin
reservoir; an active, correctly placed and accu-
rate CGM sensor; and, if the algorithm sits on a
mobile device, checking that a working com-
patible device required for AID operation is
carried. Much of the upkeep of an AID system is
similar to that of a standalone pump and CGM:
good pump site hygiene and best practices for
keeping a CGM sensor actively running, such as
scheduling sensor swaps to occur at non-meal
times when possible, are key for successful AID
use [4]. Much of the troubleshooting of prob-
lems that arise may be related to device com-
munication within the system, rather than
troubleshooting diabetes itself. This can add to
the frustration and burden of people with dia-
betes and carers. Whilst people with diabetes or
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carers tend to have well-established practices for
dealing with issues that arise during manual
methods of insulin delivery, they may need to
learn new skills or habits to overcome issues
that may arise during automated AID system
use.

Communication errors between components
(such as CGM-to-mobile device, CGM-to-pump,
or pump-to-device communications) can be
common issues that patients should be familiar
with and trained to troubleshoot. In some cases,
errors might result from Bluetooth communi-
cations between the linked devices (i.e., the
CGM transmitter, pump, smartphone, or con-
troller) being blocked by the body or other
objects or by interference. In other cases, the
transmitter may be transmitting CGM data but
Bluetooth connectivity has accidentally been
disabled on the device required for the AID
system to receive CGM data. There is also vari-
ation in Bluetooth connection quality,
depending on the model of smartphone. Addi-
tionally, as there are more connected platforms
for real-time data access and retrospective data
review, there will also be other less urgent areas
of data transmission to troubleshoot, such as
that from the CGM or AID system to a mobile
device app, and that from the app to the cloud
and any connected platform designed to receive
the data. Internet or cellular connectivity on
the mobile device, correct login details, and
Bluetooth on the mobile device to receive the
data can be common issues to resolve in terms
of ensuring that data are flowing throughout
the systems and to any connected platforms.
Low batteries, whether the CGM transmitter
battery, the pump battery, or the mobile device
battery, could also play a role in impacting
component communications. Users of AID sys-
tems that rely on smartphones and who spend
long durations outside their homes (such as
during travel) may want to carry a battery power
bank or smartphone charger to ensure uninter-
rupted AID system use.

There is also the potential issue of missing
CGM data; for example, due to the required
warm-up time period for a particular sensor, or
due to noisy data that is deemed unactionable
by the AID system. Without CGM data, the AID
system falls back to manual mode because it

cannot make real-time adjustments without
updated glucose data.

Overall, much of the troubleshooting will be
about the components of the system rather
than diabetes itself [43] because the AID system,
when operational, can help address much of the
‘‘noise’’ of blood glucose variation associated
with insulin-requiring diabetes [35]. This
change in behavior from managing insulin
delivery manually to managing the devices used
to automate insulin delivery will require learn-
ing and habit formation. Part of the healthcare
professional’s role is to identify changes in
behavior and reinforce positive habits to ensure
continued success.

OPTIMIZING AID USE
AND ‘‘UPTIME’’ OF THE SYSTEM

Once users are comfortable with the basic
operation and troubleshooting of the AID sys-
tem, they can begin improving their experience
with the system by focusing on ensuring that it
remains operational as long as possible, partic-
ularly when it’s most important to them to have
it working optimally.

One of the frustrations cited with one of the
earliest commercial AID systems was insuffi-
cient time spent in the automated insulin
delivery mode [41, 44]. Increased time in
automation is associated with greater outcomes.
While later generations of commercial AID
systems have improved in this regard, there are
also human choices that can further influence
the ‘‘uptime’’ of an AID system.

For example, because CGM data is needed for
automating insulin delivery, a longer period of
time in between active CGM sensor sessions will
result in a longer gap in time without auto-
mated insulin delivery. A person would instead
need to manually adjust insulin delivery during
this time. In order to limit the ‘‘downtime’’
between sensor sessions, it’s helpful to be aware
of when a sensor session is scheduled to expire
or end. In some cases, the sensor app or the
pumpmay keep track of this and have alerts and
reminders. It may still be useful for people to
consider using their own calendar to plan,
when possible, when they will change to a new
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CGM sensor. This may assist them in making
sure they have a replacement sensor ready and
at hand when the old sensor session ends, thus
ensuring less downtime for AID. This is not
always possible, of course: sometimes a CGM
sensor may fall out or fail prematurely, and a
person may be without access to their supplies.
But, when possible, planning ahead can help
reduce the time in between CGM sensor ses-
sions, ensuring less of a gap in AID.

It’s also ideal to consider planning the end of
a sensor session as it relates to meals. One of the
biggest benefits of AID is the ability of it to
adjust in response to food, so having a sensor
session end just after a large meal means that
the system won’t be able to help adjust insulin
delivery in response to any postmeal glycemic
excursions. Choosing to change a sensor when
the warming up of the sensor does not corre-
spond with a mealtime may further assist peo-
ple in optimizing their amount of time on AID.
The same idea applies when traveling across
time zones and looking ahead to see if the
sensor should be changed a few hours early in a
new time zone in order to avoid the scenario
where a CGM sensor session ends overnight or
at another inopportune time in the new time
zone.

The same philosophy also needs to be
applied to cannula changes and site rotations to
ensure optimal insulin absorption. AID system
algorithms rely on assumptions that insulin will
absorb at a designated rate, and calculations are
based on the amount of insulin delivery. Any
delays or reduction in the absorption of insulin
can impact the performance of the AID system.
Users need to ensure that they have a routine
for cannula changes. Some users may also note
a transient period of 1–2 h after a cannula site
change where their glucose may have increased
unexpectedly. The precise reason for this is
unclear, but it may be related to delays in
insulin absorption or inflammation around a
newly placed cannula.

Additionally, awareness of how the system
calculates and displays insulin information is
important. Historically, pump bolus calculators
use ‘‘active insulin’’ derived from the insulin
action time rather than the duration of insulin
action, and display a calculation of the

remaining manual bolus insulin only (meaning
temporary basal rates or suspensions are not
incorporated) [45]. Commercial AID systems
may still use this concept of active insulin from
bolus insulin only, and may not provide an
estimate of the total insulin onboard. However,
open source AID systems use the ‘‘net’’ insulin
delivery and provide a calculation of total
insulin delivery based on the duration of insulin
action, whether this is from basal or bolus, and
whether it is manual or automatically dosed [3].
Therefore, the net insulin activity can be greater
than zero and ‘‘less than zero.’’

Awareness of these numbers and how they
are calculated in a chosen AID system is also
important when a user is seeking to manually
correct or intervene in a situation—such as
correcting an ongoing high, or deciding what
action, if any, to take prior to exercise. A lack of
awareness or knowledge of all the insulin
delivered by the system can result in a manual
dose in addition to dosing that has already
‘‘corrected’’ for the situation, causing additional
hypoglycemia.

Understanding the type of system and how it
works—in as much detail as providers and
patients are able to get from commercial man-
ufacturers, who historically have not provided
extensive detail—can also aid in optimizing the
use of AID systems. For example, most open
source systems and some commercial AID sys-
tems are anchored on and calculate insulin
delivery adjustments from a user-entered ‘‘pro-
file’’ with parameters such as basal rates. This is
the information used to decide whether to give
more or less insulin compared to baseline. These
systems adapt in response to changing glucose
levels and predictions; however, they are usu-
ally not considered to be ‘‘learning’’ systems.
The benefit of such a profile-based system is that
the system can be directed by changing the
baseline basal rates, adjusting targets, and/or (as
is used in open source systems) profile switches
or preset profiles. These options are useful if
changes in insulin sensitivity occur over short
periods of time, such as during the menstrual
cycle, sporadic or different types of exercise, or
anticipated periods of stress. This, however,
necessitates a more accurate profile and, in
order to proactively manage variations in
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sensitivity, requires anticipation of the insulin
delivery needs in different situations. The
alternative is the commercial AID systems that
are considered to be learning systems: they
learn and adapt based on different input vari-
ables (such as weight) or the basal profile,
updating the profile based on the learned
‘‘need’’ they perceive. The benefit of learning
systems is that they adjust the basal profile on
their own. However, they may not be as rapidly
responsive to short-term changes in insulin
sensitivity, and, depending on the system,
parameters such as glucose targets may need to
be altered to manage such events, although
there are likely to be fewer parameters to pro-
vide input. It is also possible that these systems
learn something that then no longer applies,
and there is also a delayed period before it learns
that something has changed again.

Table 2 further summarizes these tips and
tricks for optimizing success with AID systems.

CHANGING SETTINGS
AND BEHAVIORS TO GET THE BEST
OUTCOMES WITH AID

Once an AID system is taking on as much of the
routine work of diabetes management as it is
capable of, individuals who find themselves
relieved of the day-to-day burden of managing
diabetes are more likely to be interested in fur-
ther optimization to improve their outcomes.

It is fairly common for people adopting AID
systems to need to change the baseline settings
that they were using before with manual insulin
dosing methods. This occurs for a number of
reasons, including because people with diabetes
have been manually adjusting insulin delivery
with dozens of decisions a day using vague set-
tings that generally work when the decisions are
imprecise and infrequent. However, an auto-
mated insulin delivery system can make deci-
sions as frequently as new glucose values are
made available to the system (e.g., every 5 min),
and is therefore making significantly more
decisions throughout the day. Wrong input
variables to the equation determining the
insulin adjustment needed can therefore influ-
ence how effective the system can be at

achieving optimal glucose outcomes. For
example, an AID system can be hampered by
the wrong input settings, which effectively limit
the system’s ability to course correct the
resulting blood glucose levels and excursions
throughout the day. Some commercial systems
aim to address this problem by not requiring
input settings such as the basal rate or insulin
sensitivity factor (ISF), instead relying on weight
(iLet, CamAPS-FX [46]) as an initial variable and
adjusting over time or learning from the man-
ual mode to determine the appropriate basal
rates (Medtronic 780G). In all the AID systems,
the insulin to carbohydrate ratio (ICR) needs to
be set appropriately, and may need
adjustments.

Other commercial systems, as well as the
open source AID systems, operate from baseline
settings similar to standalone pumping. Many
people have not changed their baseline pump
settings in a long time, and they may not be
very accurate compared to their current physi-
ological reality. Insulin needs to change over
time depending on stress and activity levels, the
temperature/climate, diet patterns, sleep pat-
terns, hormonal changes, and growth. There-
fore, it is common for new users of AID systems
to adjust their baseline settings to further opti-
mize their glycemic outcomes. Also, the con-
cept of a basal-to-bolus ratio is something that is
less relevant with automated insulin delivery
because, depending on the AID, the same
amount and timing of insulin delivery may be
accomplished by basals or boluses. The resulting
ratio of bolus to basal insulin is not an indica-
tion of setting ‘‘correctness,’’ but instead an
indication of what methods of insulin delivery
are used by the person and the automated
insulin dosing system in order to achieve the
best glycemic outcomes. The basal-to-bolus
ratio should not be used to drive setting chan-
ges in AID.

While it can be tempting to want to change
multiple settings at a time, people may benefit
from healthcare provider guidance to change
one setting at a time (or occasionally a small
number of settings that need adjusting together
for safety) when the aim is tweaking and opti-
mizing glycemic outcomes. With automated
insulin delivery, it can be easier to observe the
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Table 2 Tips and tricks for success with automated insulin delivery systems

Stay in automated insulin delivery as much as possible •For certain commercial systems, ensure that all the rules are

met to keep the automation going as long as possible in

order to avoid interruptions to manual mode

•For most other AID systems, ensuring that the CGM

session is ongoing and Bluetooth is connected become

important for continuing automation

Prebolus or ‘‘eating soon’’ [4] •Insulin takes time to absorb subcutaneously, whereas

carbohydrates may be rapidly absorbed. Prebolusing or

setting a lower target to allow system-generated insulin

beforehand helps to avoid large postprandial swings

Sensor changes and hygiene •Plan sensor changes for non-mealtimes and so that they do

not happen at inopportune times

•Loss or end of a sensor session will end automation

Cannula changes and hygiene •If in doubt change it out!

•Ensure the cannula is working, and plan to make changes

during daytime (and preferably non-meal or postmeal)

hours to stop issues from emerging during the night

BG testing/calibrations •Certain CGM systems require calibrations

•Calibrations are ideally performed at times when glucose

levels are steady

Planning for exercise or special situations •Use temporary targets or change targets in advance of

activity or in response to illness when possible

•For activity in particular, be aware of the levels of insulin

onboard prior to exercise

Review data periodically •It is common to need to change settings when transitioning

to a new AID system or between AID systems

•Review data periodically and update settings as needed

Carbohydrate counting is still relevant •Although AID systems may be more forgiving of errors in

carbohydrate estimation compared to non-AID systems,

most systems still require carbohydrate counting or

carbohydrate estimation/meal entry for optimal

effectiveness

•Some systems may be perceived to be more ‘‘forgiving,’’

while other systems may be slower to correct for postmeal

excursions due to unentered or significantly misestimated

carbohydrates
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correlation resulting from one setting change
over the course of the following days, which
sets up an effective feedback loop to then aid in
further tweaking the same setting or progressing
to tweaking additional settings.

Additionally, automated insulin delivery
systems may prompt some human behavior
adjustments too. People using AID systems may
find themselves needing less carbohydrate cor-
rection for hypoglycemia in terms of frequency
as well as quantity. Because the system can
predict decreases in glucose and proactively
reduce insulin delivery in an attempt to help
bring that predicted low glucose into the target
range, any subsequent low glucose level will
usually require a smaller correction to normal-
ize glucose levels. This can mean that fewer
carbohydrates are needed overall [4]. Over time,
as people build the habit of choosing smaller
carb correction amounts, this also may assist in
reducing the number of ‘‘rebound’’ excursions
to hyperglycemia or predicted hyperglycemia
that the system has to respond to, further
reducing glucose variability and improving
overall outcomes—as well as making it easier to
assess what is contributing to any remaining

glucose variability that may still need address-
ing outside of those situations.

CURRENT GAPS IN KNOWLEDGE
AND POTENTIAL FUTURE
DIRECTIONS OF AID

If you find yourself reading this piece and real-
izing that you do not have all the answers to the
questions we suggest asking, that is OK: you are
not alone in this, nor may it be due to a lack of
due diligence on your part. Some of the infor-
mation that is ideal to seek to assess each AID
option may not be available. For example, tra-
ditionally the commercial manufacturers do
not disclose extensive details regarding how
their technology works due to perceived intel-
lectual property protection. However, given the
role of the person with diabetes to interact with
such technology in an automated insulin
delivery system, it is our perspective that this
information should become available with
regard to how a system works (including more
details on algorithms), when it does not work,
and more. We, as healthcare providers and

Table 2 continued

Understanding active insulin or net insulin on board (IOB)

calculations and using these numbers for any additional

manual actions

•As detailed in the main text, an understanding of how

insulin onboard calculations use bolus only (most

commercial systems) or include a combination of basal and

bolus (e.g., ‘‘net’’ IOB in open source systems) is required

to help guide additional manual actions such as planning

activity or corrective insulin or snacks

Avoiding alarm fatigue •Alarm fatigue may be bothersome to some, especially if they

are new to CGM as well as AID. Consider starting those

new to CGM with wider alarm thresholds, as the

combination of CGM and AID system alarms may

generate excessive alarm fatigue

•Aim to adjust alarm thresholds to realistically indicate

when action is necessary for the user

•Like other settings, consider reviewing and evaluating the

alarm thresholds periodically, especially if alarm fatigue is

apparent
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patients, need to continue to advocate with
regulators—who could mandate this level of
detail be provided to providers and users of such
medical technology—and with manufacturers
to make this information available to enable the
most effective and most informed decision
making when considering the use of these
medical device products.

In the meantime, there may not be enough
information available to providers, but provi-
ders can do the best that they can to acknowl-
edge to themselves and to patients where they
do not have detailed information on how the
systems work or perform. Providers should also
recognize their own discomfort with one or
more options due to a lack of knowledge, and
not force technology upon patients or limit the
choices presented to patients based on their
own comfort level or knowledge of particular
devices. The choices and preferences of the
person living with diabetes should be at the
center of any decision around the ideal auto-
mated insulin delivery system or any other
diabetes technology, and together healthcare
providers and people with diabetes should make
the most informed choice possible.

CONCLUSIONS

Automated insulin delivery systems are a useful
tool for people with insulin-requiring diabetes,
and there are now numerous choices with
regards to both open source and commercially
developed systems. Both open source and
commercially developed automated insulin
delivery systems have been well studied and
proven to be safe and effective. Open source and
commercially developed automated insulin
delivery systems have also, importantly, been
proven to improve the quality of life for people
with insulin-requiring diabetes. The choice of
an AID system is not as simple as whether the
system is open source or commercially devel-
oped, and indeed there are multiple criteria to
assess when choosing an AID system, ranging
from pump, CGM, smartphone connectivity
and algorithm capabilities to the flexibility of
the system overall, as well as the interoperabil-
ity with connected platforms for real-time data

access. Most importantly, the choices and pref-
erences of the person living with diabetes
should be at the center of any decision around
the ideal automated insulin delivery system or
any other diabetes technology. Healthcare pro-
viders will benefit from assessing and better
understanding all available AID system options
to enable them to best support each individual.
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8. Knoll C, Peacock S, Wäldchen M, Cooper D, Aulakh
SK, Raile K, et al. Real-world evidence on clinical
outcomes of people with type 1 diabetes using
open-source and commercial automated insulin
dosing systems: a systematic review. Diabet Med.
2022. https://doi.org/10.1111/dme.14741.

9. Fang Z, Liu M, Tao J, Li C, Zou F, Zhang W. Efficacy
and safety of closed-loop insulin delivery versus
sensor-augmented pump in the treatment of adults
with type 1 diabetes: a systematic review and meta-
analysis of randomized-controlled trials.
J Endocrinol Investig. 2022. https://doi.org/10.
1007/s40618-021-01674-6.

10. Burnside MJ, Lewis DM, Crocket H, Meier R, Willi-
man J, Sanders OJ, et al. 286-OR: the CREATE trial:
randomized clinical trial comparing open-source
automated insulin delivery with sensor augmented
pump therapy in type 1 diabetes. Diabetes. 2022.
https://doi.org/10.2337/db22-286-OR.

11. Ekhlaspour L, Schoelwer MJ, Forlenza GP, Deboer
MD, Norlander L, Hsu L, et al. Safety and perfor-
mance of the tandem t:slim X2 with Control-IQ
automated insulin delivery system in toddlers and
preschoolers. Diabet Technol Therapeut. 2021.
https://doi.org/10.1089/dia.2020.0507.

12. Sherr JL, Bode BW, Forlenza GP, Laffel LM, Schoel-
wer MJ, Buckingham BA, et al. Safety and glycemic
outcomes with a tubeless automated insulin deliv-
ery system in very young children With type 1
diabetes: a single-arm multicenter clinical trial.
Diabetes Care. 2022. https://doi.org/10.2337/dc21-
2359.

13. McAuley SA, Trawley S, Vogrin S, Ward GM, Four-
lanos S, Grills CA, et al. Closed-loop insulin delivery
versus sensor-augmented pump therapy in older
adults with type 1 diabetes (ORACL): a randomized
crossover trial. Diabetes Care. 2022. https://doi.org/
10.2337/dc21-1667.

14. Aldibbiat A, Alqashami A, Hussain S. Use of auto-
mated insulin delivery systems in people with type
1 diabetes fasting during Ramadan: an

Diabetes Ther (2022) 13:1683–1699 1697

http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
https://doi.org/10.1111/dom.14273
https://doi.org/10.1016/S2213-8587(21)00267-9
https://doi.org/10.1016/S2213-8587(21)00267-9
https://doi.org/10.1089/dia.2019.0105
https://doi.org/10.1089/dia.2019.0105
https://doi.org/10.1089/dia.2019.0509
https://doi.org/10.1089/dia.2019.0509
https://doi.org/10.1177/1932296816665635
https://doi.org/10.1111/dme.14741
https://doi.org/10.1007/s40618-021-01674-6
https://doi.org/10.1007/s40618-021-01674-6
https://doi.org/10.2337/db22-286-OR
https://doi.org/10.1089/dia.2020.0507
https://doi.org/10.2337/dc21-2359
https://doi.org/10.2337/dc21-2359
https://doi.org/10.2337/dc21-1667
https://doi.org/10.2337/dc21-1667


observational study. J Diabet Investig. 2022.
https://doi.org/10.1111/jdi.13720.
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