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“We are stuck with technology,
when all we really want is just stuff that works.”

Douglas Adams

“Never doubt that a small group of thoughtful, committed citizens can change the world;
indeed, it's the only thing that ever has.”

Margaret Mead
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1. Introduction

Traditionally, patients have been considered passive recipients of therapies provided to them.
However, under the mantra “Nothing About Us Without Us”, there is increasing demand for the
patient voice to be included and for patients to be represented as stakeholders in the
development of services, products, policies, and educational resources alike. The slogan
(Latin: “Nihil de nobis, sine nobis") has its roots in Central European traditions, and over time
became a byword for democratic norms. The English term became popular through patient
advocates of the disability rights movement in the 1990ies to promote freedom from
discrimination, equal opportunities, safety, and accessibility in various aspects of life. 1 Since
then, it has moved to other advocacy and interest groups to promote decision-making that
includes and welcomes people with lived and learned experiences. 2

A primary example of patient-led innovation and democratization in healthcare is the
#WeAreNotWaiting movement, driven by people impacted by diabetes who turn their existing
medical devices into so-called “do-it-yourself” or “open-source” artificial pancreas systems for
automated, closed-loop insulin delivery. 3,4

1.1. Managing Type 1 Diabetes: Past and Present

Diabetes mellitus is a chronic health condition characterized by dysregulated production or
secretion of, or response to, the peptide hormone insulin. About 537 million adults and 1.2
million children live with diabetes worldwide, and incidences of type 1 and type 2 diabetes
continue to increase. 5 Type 1 diabetes (T1D) occurs as an autoimmune-induced loss of
pancreatic insulin-producing beta cells, whereby little to no insulin is produced to decrease
blood glucose.

The tools and educational resources to manage T1D have continuously evolved over the
years: From insulin derived from animals to human and analog insulin, from injections with
syringes to pens, smartpens, and continuous administration via insulin pumps; from testing
urine samples to capillary blood glucose measurements at home and continuous glucose
monitoring (CGM) sensor systems; and from rigid nutrition protocols to flexible therapy plans
that take biopsychosocial aspects of patients and their families into consideration. 6–15

For people living with T1D, insulin administration via subcutaneous injections multiple times
per day or continuous delivery via insulin pumps is the primary treatment to maintain glucose
levels within the recommended range. Today’s insulin therapy management plans usually
include the administration of basal and bolus insulins. Basal insulin, typically a long-acting
agent injected once or twice per day (e.g. degludec, detemir, neutral protamine hagedorn), or,
in insulin pump therapy, a combination of fast-acting insulin doses as different “basal rates”
throughout the day, accommodates a person’s endogenous glucose production. This
endogenous supply derives from gluconeogenesis, where non-carbohydrate substrates are
metabolized to glucose, and glycogenolysis, where glucose is generated from the breakdown
of glycogen. In addition to basal insulin, short-acting insulin (e.g. aspart, lispro, glulisine, or
faster-acting formulas with additives) is administered several times daily to cover the
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nutritional intake of carbohydrates and include additional correction doses if glucose levels are
above target. 7,16

People with diabetes (PwD) and, for children and adolescents, their caregivers, have to
manage their condition day and night. Glycemic levels need to be monitored closely, either via
multiple capillary measurements per day or continuous interstitial glucose monitoring via a
sensor, to avoid hypo- and hyperglycemia and reduce the risk of developing long-term
complications. 17,18 Therefore, comprehensive diabetes education and psychosocial support as
parts of diabetes care are just as essential as insulin administration. Empowered by
knowledge and experience, PwD and their caregivers learn to “master” all aspects of their own
therapy by self-monitoring and adjusting insulin doses according to their day-to-day life. 19,20

1.2. Living with Type 1 Diabetes as a Life-long Challenge

Despite significant advances in care, pharmaceuticals, and technological developments, T1D
remains a challenging chronic condition that impacts life expectancy and diminishes quality of
life. 21–24 Only some people with T1D achieve long-term parameter outcomes as
recommended by therapeutic guidelines of the International Society for Pediatric and
Adolescent Diabetes (ISPAD) and American Diabetes Association (ADA). 25–29 The complexity
of diabetes self-management imposes a high cognitive load and can cause distress in daily
life, with many PwD reporting disrupted sleep and approximately 40% of them showing
symptoms of anxiety or depression. 30–33

Although diabetes affects people of all ages and genders, there is precedent that people of
different ages and genders are affected differently. Managing diabetes is particularly
challenging during childhood. Day-to-day tasks often involve the entire family. Children show
variability in insulin sensitivity related to physical growth and sexual maturation which require
frequent adjustments in insulin dosing. 34,35 With the dynamic physical activity and nutritional
intake of young children, their glycemic levels can fluctuate rapidly. 35,36 The transition of
responsibility in diabetes management from caregivers to children and their increasing
independence during adolescence can often further complicate this difficult dynamic.
Adolescents and young adults with diabetes frequently struggle to meet the recommended
glycemic targets and are particularly vulnerable to acute complications such as severe
hypoglycemia and diabetic ketoacidosis (DKA). 28,37 The psychological burden and potential
health implications but also economic impact on caregivers cannot be understated. They
frequently report lack of sleep, having quit or changed careers, or reduced work hours to help
care for their children and loved ones. 35,38,39 Thus, psychosocial support and individualized
treatments play an important role in diabetes care for children with diabetes and their families.
25

For girls and women, managing diabetes can be particularly challenging throughout different
phases of life, particularly during puberty, pregnancy, and menopause. 40–45 Several studies
have shown that women with type 1 and type 2 diabetes are less likely to reach targets in
hemoglobin A1c (HbA1c), blood pressure, and low-density lipoprotein cholesterol as
recommended by therapeutic guidelines 26, compared with men. 45–47

2

https://paperpile.com/c/G5Frv7/4Z6Db+yiZX
https://paperpile.com/c/G5Frv7/PzgGp+pBUZC
https://paperpile.com/c/G5Frv7/hLcw1+JrvAv
https://paperpile.com/c/G5Frv7/jWYd6+VotDn+yRIlV+es6Dc
https://paperpile.com/c/G5Frv7/qsIcA+aVpBK+KoDST+aoiwT+pmKwm
https://paperpile.com/c/G5Frv7/tiUg9+o5S99+Zcaap+xcdio
https://paperpile.com/c/G5Frv7/i1GGn+Ny8kK
https://paperpile.com/c/G5Frv7/GeZgL+Ny8kK
https://paperpile.com/c/G5Frv7/GXtAN+aoiwT
https://paperpile.com/c/G5Frv7/Ny8kK+YSzjD+6tYZP
https://paperpile.com/c/G5Frv7/qsIcA
https://paperpile.com/c/G5Frv7/kMPtB+mBsBc+5WUmu+jYW5J+2l1SN+N4pK7
https://paperpile.com/c/G5Frv7/aVpBK
https://paperpile.com/c/G5Frv7/n8VK0+ok7Ey+N4pK7


1.3. Closing the Loop: The Aim for a “Technological Cure”

Technological approaches aim to diminish the decision-making complexity in diabetes
self-management and alleviate the cognitive and emotional burden on people with diabetes
(PwD), simultaneously improving glycemic levels and variability. As the most recent
technological advance in diabetes care, automated insulin delivery (AID) systems, also called
“closed-loop insulin delivery systems” or “artificial pancreas”, have been developed. These are
biotechnological tools that mimic insulin secretion of the human pancreas. As early as 2009
48–50, stakeholders were conceptualizing the development and engineering, regulation, and
clinical trials to eventually bring these devices to commercial market.

In AID systems, insulin dosing is automated
based on interstitial glucose levels in a
closed-loop system consisting of a (CGM) sensor,
an insulin pump for subcutaneous insulin delivery,
and a control algorithm operated by a
smartphone or small microcontroller. The
algorithm uses sensor readings and user-provided
data to predict future glucose levels and adjusts
insulin dosing accordingly in short intervals, e.g.,
every five minutes (Fig. 1). Current commercially
developed AID systems still require the user to
deliver bolus insulin for meals, though
“fully-closed loop” systems are being developed
and tested that may eliminate this task. 51 Fig. 1: Components of an automated insulin

delivery system. Image created by the author.

In current AID systems, three different families of control algorithms are being used to
automate dosing decisions:

● Predictive control algorithms (e.g., model predictive control) predict the effect of
control measures on future outputs, with optimizations performed to select the best
set of current and control moves (adaption of insulin infusion) to satisfy the objective
(glucose target). Minimum and maximum (constraints) infusion rates can be enforced.
The prediction horizon is often larger than the control horizon. 52 Many current AID
systems employ predictive control algorithms, including open-source (e.g., Loop 53,
FreeAPS 54) and commercial systems (e.g., Tandem Control IQ 55, OmniPod 5 56).

● Proportional–integral–derivative control algorithms (e.g., Medtronic 670G
SmartGuard 57) continuously calculate an error value as the difference between
set-point and measured process variable and applies a correction based on
proportional, integral, and derivative terms.58

● Fuzzy logic algorithms (e.g., Medtronic’s advanced 670G 4.0 algorithm59) are based on
“degrees of truth” between 0 and 1, rather than a binary “true or false” (0 or 1) logic, and
use current glucose level, rate of change, and acceleration to calculate insulin
dosage.60,61
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While the use of CGM sensors and insulin pumps can already significantly improve clinical and
quality of life (QoL) outcomes compared to multiple daily injections 62,63, AID systems promise
to optimize diabetes management even further. In addition to improvements in clinical
outcomes 64–70, such as increased time-in-range (TIR) and lower HbA1c levels, individuals
testing AID systems in clinical trials also reported reduced anxiety 71–76, improved quality of
sleep 71,74,75,77,78, reduced burden of managing diabetes and distress 73,74,76,79,80, and less fear of
hypoglycemia. 71–74,81,82

Despite significant research and commercial interest, only a limited number of AID systems
are currently licensed for use, their regional availability varies, and the parameters of their
functionality are limited by regulatory authorities. AID systems are, therefore, not universally
available, accessible, affordable, or individually suitable for all PwD. 83–88

1.4. The Case Study of #WeAreNotWaiting

Given the limitations in availability and access to AID systems, a community of PwD and their
families, united under the hashtag #WeAreNotWaiting, have created new tools and systems to
help PwD better utilize their devices and data. By 2015, the first open-source AID system
called “OpenAPS” 3,89,90 was developed by Dana Lewis, a person living with T1D. What initially
began as a basic “hack” by users of CGM sensor systems to increase the volume of alarms
and enable remote monitoring, has been collaboratively further developed by volunteers of the
diabetes online community into open-source AID systems with predictive algorithms, wide
device interoperability, and implementation of personalized features.3,91 Source code and
documentation for these systems are shared openly with other people with diabetes and the
general public online. 53,54,92–97

Currently, different open-source AID systems are available, which are based on either the Loop
98 or the OpenAPS 89 algorithm. OpenAPS, as the earliest version of open-source AID, utilizes
Raspberry Pi or Intel Edison devices as a micro-controller93 (Fig. 2). AndroidAPS 96 and
FreeAPS X 54 use the same codebase as OpenAPS, where either Android (for AndroidAPS) or
Apple phones (for FreeAPS X) are used as controllers 99. Loop and FreeAPS 97 use a different
codebase and run on Apple phones (Fig. 3 and 4). Depending on the setup, additional
hardware may be required for wireless Bluetooth and/or radio signal communication between
controller and insulin pump (Fig. 3). 100 “Looping” is the generic term used to describe when an
individual is using an open-source AID system to manage their diabetes through open-source
AID, which works as a “closed-loop” system.

Despite open-source AID systems not being approved by regulatory bodies, the
#WeAreNotWaiting community is unwilling to settle for the current efforts of medical device
manufacturers and is pushing diabetes research forward through patient-driven solutions.
Users who build and maintain their individual open-source AID systems use them at their own
risk. With code and documentation freely accessible online, the use of such systems
continues to increase globally, with an estimated number of well over ten thousand individuals
currently using them, including children and adolescents, where caregivers build and maintain
these systems on their behalf. 84
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Fig. 2: OpenAPS running on a Raspberry
Pi, a Dexcom CGM sensor and out-of-
warranty Medtronic insulin pump. First
setup in 2015. Image courtesy of Dana
Lewis. 89

Fig. 3 and 4: “Loop” app running on an iPhone and Apple Watch; “RileyLink”
DIY hardware tool (left) communicates with the pump. Image courtesy of
the Facebook peer support group “Looped”. 101

1.5. Decision Logic of Predictive Control Algorithms

Predictive control algorithms for insulin dosing, such as the Loop and the OpenAPS
algorithms, adjust insulin delivery based on a predicted glycemic value. Their logic is similar to
the rationale a person with diabetes would apply to make manual dosing decisions. 102 Every
five minutes, the algorithm generates a new prediction based on the most recent CGM data
and adjusts temporary basal rates, microboli (if enabled), and bolus recommendations
accordingly. The Loop algorithm calculates glucose predictions based on insulin activity in the
body, amount of absorbed carbohydrates from nutritional intake, retrospective correction, and
glucose momentum 103:

Open-source AID systems enable the user to choose between different types of insulin activity
models. The models for rapid-acting insulin for children and adults and faster-acting insulin
aspart assume an active insulin time of 6 hours with different peak times, whilst the duration
is customizable in the Walsh model. In all models, the remaining active insulin (“insulin on
board”) is calculated based on dosing data pulled from the insulin pump and an exponential
decay curve. 103 The glucose-lowering effect of a single unit of insulin within that timeframe
can be specified by the user as the insulin sensitivity factor (ISF). For each administered
insulin dose, the Loop algorithm calculates the expected decrease in glucose for each
five-minute period of the insulin activity duration.

A multitude of factors, such as physical activity level, stress, medication, hormones,
comorbidities, and acute illness, may influence and continuously change an individual’s insulin
needs, which is why many users create different profiles or regularly update their settings, e.g.,
by reviewing their own data and/or during endocrinology clinic visits. 103

The intake of carbohydrates is expected to raise blood glucose, although their absorption and
effect duration depends on the complexity and type of carbohydrates. Whilst carbohydrates
with a high glycemic index (GI), such as candy or fruit, are expected to raise blood glucose
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quickly and steeply, the effect of complex carbohydrates with lower GI, such as multigrain or
dairy products, will occur over an extended period. Loop and FreeAPS enable the user to
indicate the estimated amount of carbohydrates as well as the estimated duration of their
absorption time and calculate their absorption rate based on this information (“linear
carbohydrate absorption”). The linear model is modulated by “dynamic carbohydrate
absorption” based on recently observed changes in glycemic levels.

The retrospective correction enables the Loop algorithm to counter effects other than active
insulin and carbohydrates by comparing predicted vs. observed changes in glycemic levels.
Observing its own forecast error of the past 30 minutes, the algorithm estimates their
magnitude and includes this difference in further predictions. 103 The glucose momentum
effect includes a prediction based on the delta in glucose of the past 15 minutes, assuming
that the next glycemic level will further follow this trend. Each of the individual factors and
their combined effect are illustrated in Figure 5.

Fig. 5: Glucose predictions of the “Loop” predictive control algorithm based on insulin, carbohydrates, retrospective
forecast, and glucose momentum. Source: loopdocs.org 103

Scheduled basal rates that provide an estimate of a user’s insulin needs without meal intake
are used by the algorithm as a baseline for automated dosing decisions. The algorithm applies
relative changes to these doses and applies them either as temporary basal rates or as
“microboli” (small amounts of insulin administered as one or multiple bolus doses). Basal
rates can either be temporarily decreased, increased, suspended or resumed with their
pre-programmed amount. 104

Dosing decisions are based on the glucose delta, the user’s ISF, predicted glucose, and
correction target 104:
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1.6. Safety Mechanisms of AID Systems

All AID systems, open-source and commercial, have several safety mechanisms in place to
avoid potential harm to the user. These include suspension of insulin delivery if glycemic levels
are predicted to be below a certain threshold to avoid hypoglycemia 102,104, and maximum
delivery limits of basal rate increasements per hour and maximum bolus amounts. 105,106 All
current AID systems default to open-loop whenever loss of CGM data occurs. All current
systems enable the user to switch off automation and revert to pre-programmed settings in
open-loop with no automated dosing features. This can be considered under circumstances
with lower or higher insulin needs, e.g., during illness, steroid use, if ketones are present,
before, during and after exercise, as the AID system may not be able to respond and readjust
quickly enough. 107 When operating in open-loop with CGM signal, some systems (e.g.,
Medtronic 670G) still provide predictive low glucose suspend features and suspend insulin
delivery automatically in case of predicted sensor glucose below a certain threshold, whilst
others operate fully manual as “traditional” insulin pumps with no hypoglycemia protection.

In addition, the importance of baseline settings that truly reflect a user’s physiology cannot be
understated, as inaccurate therapy parameters may lead to under- or over-delivery of insulin by
the dosing algorithm. It is recommended to test and iterate settings in open-loop before
automation is enabled. 108,109

1.7. Addressing the Challenge: the OPEN Project

Social and technical trends are increasingly empowering
communities of people with chronic conditions to innovate
medical devices and treatments through co-creation and peer
support to address their unmet healthcare needs, as is the case
with #WeAreNotWaiting. These innovations sit outside of clinical
trials and the usual commercial and regulatory processes for
medical device development and therefore create dilemmas, but
also opportunities, for patients and caregivers, healthcare
professionals (HCPs) and providers, regulators, and industry.
Early on in the development of open-source AID, anecdotal
evidence and self-reports from users (Fig. 6) have been shared
and suggested not only improvements in glycemic outcomes,
such as an increase in TIR and decrease in HbA1c levels, lower
risk for hypo- and hyperglycemia but also better QoL and sleep.
However, it was estimated that there are around 15 million
hours of real-world data of open-source AID users, much of
which was not fully analyzed and explored by academic
research. The rich vein of expertise, knowledge, and experience
that existed within the #WeAreNotWaiting community was
untapped by stakeholders other than the diabetes online
community. Further, there were no studies on the impact of
using open-source AID on caregivers, partners, and families of
PwD.

Fig. 6: “Wordle” generated from
narratives of caregivers of
children using open-source AID.
Image created by the author.
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To address this evidence gap, an international and interdisciplinary group of researchers living
with T1D and innovators of the diabetes online community have co-founded the OPEN project
110, which was funded by the European Commission’s Horizon 2020 program, the Wellcome
Trust, and the Berlin Institute of Health (BIH). Recognizing the need for academia and the
patient community to engage on eye level, OPEN has been instrumental in bringing a wide
spectrum of stakeholders together and translating experienced-based evidence of the
community to academia and industry, and vice versa.

Three years into the project, we have created open-science tools and infrastructure 111,112

(Figure 7) and evaluated data regarding self-reported clinical outcomes, QoL and sleep
benefits, motivations, and lived experiences of open-source AID users. 35,40,83,113–119 Further, we
identified disparities in the access to diabetes technology, the barriers to uptake for aspiring
open-source AID users as well as possible solutions to enable their wider diffusion. Based on
these insights, we created an international consensus statement to provide guidance for
HCPs who seek to support PwD that choose open-source AID. 84

Fig. 7: Open-science infrastructure of the OPEN project for anonymous participation and device data donation to
the Open Humans repository. Image created by the author. 111

1.8. Perspectives and Roles

In my scientific work, I combine the perspective of a physician and researcher at Charité and
BIH Digital Clinician Scientist with longstanding expertise in diabetes advocacy and strategic
consultancy.

As a “doctor/patient hybrid”, living with T1D myself for 20+ years, I am passionate about
empowering others and strive to raise awareness about innovations emerging from the
patient community. As co-chair of the not-for-profit organization “Hacking Health Berlin”, I am
actively promoting a shift of paradigms in healthcare towards patient-centricity, e.g., through
interdisciplinary hackathons. As Head of Medical of Dedoc Labs, a strategic consultancy by,
with, and for PwD, I advise and mentor a variety of emerging and leading companies in the
field of diabetes technology. My diabetes advocacy activities with several not-for-profit
organizations (e.g., as a Young Leader in Diabetes of the International Diabetes Federation,
and Global Advocate of T1International) over the past years combined lived experience with
learned experience, which complimented the skills I have gained during my residency training
in Pediatrics and as a physician in refugee and migrant health in 2015/16.
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Over the years, I have listened to the many individual stories and perspectives of PwD around
the world, which enabled me to understand the clinical and psychosocial but also economic
and cultural aspects of living with diabetes in a variety of countries and healthcare settings. In
addition, I had the chance to work with international research teams as a co-lead of OPEN and
ISPAD member, and recently as a visiting scholar at the Stanford Diabetes Research Center.

Each of these different professional but also personal perspectives have enhanced my
understanding of diabetes as a challenge for the individual but also for our healthcare
systems and society as a whole. Therefore, my work aims to change healthcare towards the
goal of making personalized and state-of-the-art treatment available to everyone, and redesign
the way we support, research, and communicate with and about PwD–an endeavor that can
only be achieved collaboratively, with patients as the driving force, healthcare professionals as
their advocates and supporters, real-world data as a tool and the spirit of the
#WeAreNotWaiting community in mind.

1.9. Thesis Aims and Objectives

This thesis provides an overview of recent trends in diabetes technology with special
emphasis on open-source, patient-driven approaches, user experience, availability, and access.

First, it presents some of the main research outcomes of the OPEN project with respect to the
feasibility of its open-science infrastructure for self-report and real-world data donation, and
the consecutive analyses of clinical outcomes, motivations, and lived experiences that were
reported by open-source AID users via these tools.

Second, it explores gender-related differences in user experiences with open-source AID based
on a qualitative study on a group of women of the #WeAreNotWaiting community.

Next, it showcases the professional guidance that has been established based on the
available literature and expert consensus.

Finally, it covers a study conducted by the not-for-profit organization T1International in
partnership with the OPEN project, with findings on global health disparities in people living
with T1D with respect to access and cost of different diabetes treatments, as well as
underuse and rationing of insulin and supplies.
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2. Original Research

2.1. Open-science Infrastructure for Self-report and Device Data Donation:
A Feasibility Analysis.

Most of the data leveraged in OPEN’s research relies on an open-science infrastructure that
we created with the aim to enable anonymous data sharing and self-report for open-source
AID users, the option to make research data openly available to other researchers and to
provide the option of re-using this infrastructure and data in follow-up projects. In this
feasibility evaluation, we addressed several aspects of open-source AID systems, including
challenges related to data management and security across multiple disparate web-based
platforms and challenges related to implementing follow-up studies. The following text is
reproduced in full from the abstract of the publication:

Cooper D, Ubben T, Knoll C, Ballhausen H, O'Donnell S, Braune K, Lewis D. Open-source Web
Portal for Managing Self-reported Data and Real-world Data Donation in Diabetes Research:
Platform Feasibility Study. JMIR Diabetes. 2022 Mar 31;7(1):e33213.
https://doi.org/10.2196/33213

In a mixed-methods study (Protocol: doi.org/10.2196/15368; international registered report
identifier: PRR1-10.2196/15368), we collected survey responses and anonymized diabetes
data donated by participants-of many roles, including adults and children with diabetes and
their partners or caregivers. The infrastructure we created helped us manage both front-end
participant interactions and back-end data management through a web portal (called the
“Gateway”). Participant survey data from electronic data capture (REDCap) and personal
device data aggregation on the Open Humans repository were pseudonymously and securely
linked and stored within a custom-built database that used both open-source and commercial
software. Participants were later given the option to include their healthcare providers in the
study to validate their self-reported health data; the database architecture was designed
specifically with this kind of extensibility in mind. At the time of the evaluation in 2021, 1,052
visitors had accessed the study landing page of the OPEN project, and 930 of them
participated in the study and completed at least one questionnaire. After the implementation
of HCP validation of clinical outcomes of the study, an additional 164 individuals visited the
landing page, with 142 completing at least one questionnaire. Of the optional study elements,
7 participant-HCP dyads participated in the survey, and 97 participants who completed the
survey donated their anonymized medical device data. The uploading methods permitted
users to enable real-time data uploads that will continue well beyond OPEN’s completion date
in 2022. At all times, participants have control over who has access to the data they donate.

In conclusion, this study demonstrated the feasibility of custom software solutions in
addressing complex study designs. The gateway was a viable tool for us to conduct research
while maintaining compliance with data regulations. We formalized a system of automated
data matching between multiple data sets. Scalability of the modular platform was
demonstrated with the later addition of self-reported data validation. The underlying source
code of the gateway portal has been made available open-source 120, and all cleaned and
de-identified data, complete with pre- and post-processing paradigms, can be leveraged by
other research groups.
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2.2. Why #WeAreNotWaiting: Analysis of Motivations and Self-reported Clinical
Outcomes of Open-source AID Users.

The “DIWHY” survey was the first cross-sectional and population-based study conducted by
OPEN, with the aim to investigate the reasons why PwD or caregivers of children with diabetes
initially chose to build and use this technology. The following text is reproduced in full from the
abstract of the publication:

Braune K, Gajewska KA, Thieffry A, Lewis DM, Froment T, O'Donnell S, Speight J, Hendrieckx C,
Schipp J, Skinner T, Langstrup H, Tappe A, Raile K, Cleal B. Why #WeAreNotWaiting –
Motivations and Self-Reported Outcomes Among Users of Open-source Automated Insulin
Delivery Systems: Multinational Survey. J Med Internet Res. 2021 Jun 7;23(6):e25409.
https://doi.org/10.2196/25409

Participants’ characteristics, self-reported clinical outcomes, and motivations to build an
open-source AID were assessed with a question and 14 fixed-choice statements followed to
conclude the stem “I built an [open-source AID] system ...”. A 5-point Likert-type scale was
used to assess their level of agreement.

Of the 897 participants from 35 countries, 80.5% were adults and 19.5% were caregivers of
children with diabetes. Primary motivations included improving glycemic outcomes (94% of
adults, 95% of caregivers), reducing acute (87% adults, 96% caregivers) and long-term (83%
adults, 91% caregivers) complication risks, interacting less frequently with diabetes
technology (81% adults, 86% caregivers), improving their or child's sleep quality (72% adults,
80% caregivers), increasing life expectancy (75% adults, 84% caregivers), lack of commercially
available AID systems (71% adults, 80% caregivers), and unachieved therapy goals with
available therapy options (68% adults, 69% caregivers). Improving their own sleep quality was
an almost universal motivator for caregivers (94%).

In addition to the predefined items, participants could indicate further reasons in an open-text
field, which were evaluated by content analysis. Most of the indicated responses provided
greater details about the predefined statements. Most frequently mentioned were better
management and reducing the disease burden, which together with improving sleep quality
were understood as the quality of life gains.

Of motivations not previously covered, the most frequently mentioned was autonomy gain in
both adults and children or adolescents. All these aspects were associated with
improvements in family life. Psychosocial aspects, ranging from diabetes burnout and distress
to a desire to improve athletic performance to increasing efficacy at work, were also identified.
An important role was also played by the community spirit and peer support in social
networks. Not only a “do-it-yourself mindset” and being “early adopters” of technology but also
feeling empowered to improve one’s life were highlighted.

Health-related aspects, such as improving the management of diabetes-related complications,
increasing safety by avoiding severe hypoglycemia, and living with comorbidities, such as
cancer, sexual health difficulties, or conditions requiring cortisone treatment, were also
reported. Women and caregivers of girls highlighted hormone-related changes in insulin
sensitivity, family planning, and pregnancy. For some, special features were only offered by
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open-source AID and not by commercial systems, such as customizable targets and
smartwatch integration. For caregivers, remote real-time access to their child’s data and the
option to remotely control their child’s AID system were of great importance.

Significant clinical outcome improvements, independent of age and gender, were observed in
glycated HbA1c: 7.14±1.13% to 6.24±0.64% (P<0.001), and Time-in-Range: 62.96±16.18%, to
80.34±9.41% (P<0.001).
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2.3. Emotional and Physical Health Impact of Open-source AID:
Qualitative Analysis of Lived Experiences.

In addition to the previously presented set of questions, the DIWHY survey further included
two sets of open-ended questions at the end, which sought to capture lived experiences with
open-source AID in the form of narratives. The richness and quality of the data prompted us to
perform a separate qualitative analysis using a template codebook. Narratives from adults119

and caregivers of children and adolescents were analyzed separately. 121 The following text is
reproduced in full from the abstract of the publication:

Braune K, Krug N, Knoll C, Ballhausen H, Thieffry A, Chen Y, O'Donnell S, Raile K, Cleal B.
Emotional and Physical Health Impact in Children and Adolescents and Their Caregivers Using
Open-source Automated Insulin Delivery: Qualitative Analysis of Lived Experiences. J Med
Internet Res. 2022 Jul 14;24(7):e37120. https://doi.org/10.2196/37120

Narratives of 60 caregivers from 15 countries were analyzed. There were a combined 107
responses to both questions. Four topics, “Emotional and Quality of Life Impact,” “Physical
Health Impact,” “Challenges,” and “Support” were used to organize the qualitative data,
recognizing the fact that participants’ responses were partially primed by the framing of the
open-ended questions.

A range of emotions as well as improvements in quality of life and physical health were reported by
the participants. Their experiences with the initiation of open-source AID were associated with a
range of emotions, from worry, despair, and great hopes before use, to excitement, relief, and a
feeling of empowerment when they had implemented the system. Participants expressed
concerns associated with opting for open-source AID, but they also highlighted the
deep-rooted frustration and dissatisfaction with commercially available therapy options.
Therefore, using open-source AID was never a decision taken lightly but at the point when all
other options appeared inadequate and insufficient.

Once the choice was made, improvements in quality of life, and reduced burden of diabetes
management were frequently mentioned. The use of open-source AID systems enabled
families to shift their focus away from diabetes therapy. Caregivers were less worried about
nocturnal hypoglycemia and the occurrence of hypoglycemia outside their family homes. This
led to increased autonomy for the child. Simultaneously, the glycemic outcomes and sleep
quality of both the children and caregivers improved. Nonetheless, the acquisition of suitable
hardware and technical setup could sometimes be challenging. The #WeAreNotWaiting
community was reported as the primary source of practical but also emotional support.

These findings highlight the benefits and transformative impact of open-source AID and
peer-support on children with diabetes and their caregivers and families, where commercial
AID systems were not available or suitable, and add new evidence to quantitative studies on
psychosocial outcomes of open-source AID users.
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2.4. Impact of the Menstrual Cycle on Glycemic Outcomes and Insulin
Requirements in Women Using Open-Source AID: Qualitative Analysis.

The many female health-related testimonials of participants of the DIWHY survey 35,83,119

prompted us to perform further research in this area. The following text is reproduced in full
from the abstract of the publication:

Mewes D, Wäldchen M, Knoll C, Raile K, Braune K. Variability of Glycemic Outcomes and
Insulin Requirements Throughout the Menstrual Cycle: A Qualitative Study on Women With
Type 1 Diabetes Using an Open-Source Automated Insulin Delivery System. J Diabetes Sci
Technol. 2022 Mar 7:19322968221080199. https://doi.org/10.1177/19322968221080199

The impact of sex hormone dynamics on insulin sensitivity and glucose metabolism is subject
of constant scientific debate and generally represents an under-represented and
under-researched area. Despite therapeutic and technological advances, diabetes
management remains challenging for women with T1D and leads to differences in a variety of
their health outcomes.

With an open and explorative study design in mind, we performed semi-structured interviews
with 12 women using open-source AID and explored their perceived changes in glycemic
levels and insulin requirements throughout the menstrual cycle and different phases of life.
Transcripts of the interviews were analyzed using thematic analysis with an inductive,
hypothesis-generating approach.

Participants reported significant differences in glycemic levels and insulin requirements
between the follicular phase, ovulation, and luteal phase of their cycles and also during
puberty, pregnancy, and menopause. They reported increased comfort and felt safer since
they started using open-source AID but were still required to frequently manually adjust their
therapy settings, which was perceived as an additional burden. Mostly, they were unaware of
cycle-related fluctuations before they started using open-source AID. Workaround strategies to
respond to changing insulin requirements included the use of “Override Presets” (Loop) and
“Profile Switches” (AndroidAPS), manual changes of single parameters such as basal rates,
insulin sensitivity factor (ISF), and carb ratio (CR), and the intentional overestimation of
carbohydrate intake–referred to as “fake carbs”–before or between meals. Features such as
‘Autosens’ were used for fine-tuning their ISF. Other strategies unrelated to insulin delivery
were performing more exercise in phases with increased insulin resistance.

As for perceived challenges, the scarcity of information and research in the field was
acknowledged by many interviewees. Healthcare provider awareness and knowledge, as well
as publicly available information on menstrual cycles and diabetes, were perceived as very
limited.

Several ideas on how to further improve diabetes management for women using AID were
shared. Besides hardware improvements (louder alarms, smaller dosage settings),
participants expressed that the connection of AID to the phases of their menstrual cycle
would be beneficial and already feasible. Suggestions included the option to specify insulin
dosage settings for individual cycle phases, and pattern recognition for personalized profiles,
e.g. by Apple Health. The implementation of self-learning machine learning algorithms was
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also envisioned. A significant concern was increasing insulin delivery too early and provoking
hypoglycemia in return. Therefore, many described their management strategies as reactive
rather than preventative.

Our findings provide valuable insights into the challenges women face in managing T1D
throughout life, and yield suggestions to further improve future generations of AID systems for
women, contributing to gender equality and improved quality of care.
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2.5. Practical Guidance on Open-Source AID for Healthcare Professionals:
An International Consensus Statement.

The following text is reproduced in full from the abstract and full text of the publication:

Braune K#, Lal RA#, Petruželková L, Scheiner G, Winterdijk P, Schmidt S, Raimond L, Hood KK,
Riddell MC, Skinner TC, Raile K, Hussain S; OPEN International Healthcare Professional
Network and OPEN Legal Advisory Group. Open-source automated insulin delivery:
international consensus statement and practical guidance for health-care professionals.
Lancet Diabetes Endocrinol. 2022 Jan;10(1):58-74. # equal contributions,
https://doi.org/10.1016/s2213-8587(21)00267-9

The uptake of open-source AID continues to increase globally. Despite these trends, there was
no professional guidance for HCPs to support PwD and caretakers using these systems.
Therefore, we formed a multi-professional steering committee to develop this consensus
statement and invited 44 medical and 4 legal experts from >20 countries across several global
regions to contribute. Appraisal was also provided by 9 professional diabetes organizations.
The consensus provided a review of current evidence, description of the technologies,
discussed ethics and legal considerations from an international perspective and provided
much-needed clinical guidance and recommendations for key stakeholders.

The consensus statements are summarized as follows:

We concluded that scientific evidence exists from real-world and in-silico data to suggest that
open-source AID systems are safe and effective treatment options. They have the potential to
help a wide population of PwD alongside commercial AID, including individuals with
suboptimal or optimal glycemic control and people who are looking to ease their day-to-day
burden.

We agreed that respect for autonomy, as one of the fundamental practical, legal, and ethical
tenets of medicine, includes supporting the right of PwD or their caregiver's informed
decisions about their own medical care.

We recommend that HCPs attempt to learn about all treatment options that might benefit
PwD, including open-source AID. It is reasonable to provide a comprehensive overview of all
available options and educate on the availability and existing evidence if risks and benefits are
clearly explained. HCPs who are unfamiliar with the specifics, do not have resources or have
legal/regulatory concerns should consider cooperation with or a referral to other HCPs.

The benefits of open-source AID may include wide availability and access, device and platform
interoperability, and customizability. However, it is important to note that these systems have
not undergone the same regulatory evaluations as commercially available technologies. There
is no commercial technical support, but extensive community support.

Clarifying the user's goals and setting realistic expectations are crucial to the success of using
AID. To ensure maximum safety, users should be guided to optimize their systems for
hypoglycemia prevention before pursuing tight glycemic targets.
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Whilst our consensus does not universally recommend the use of open-source over available
and accessible commercial AID systems, we propose that the best interest of the individual
must be balanced against risks.

We also do not recommend that HCPs violate local law or organizational governance.
However, if ethical and effective treatment is either deemed unlawful or occupies an uncertain
and problematic regulatory position, regional policies should be clarified. We encourage
authorities and representative organizations to help to apply professional consensus and
evidence to update legal interpretations and frameworks.

We stated that all manufacturers of AID, including commercial systems, should fully disclose
how their systems operate to enable HCPs, PwD, and caregivers to make informed decisions.
Additionally, users should have real-time access to their own health data at all times.

Lastly, in view of the challenges of randomized controlled trials and the value of true user
experience, real-world evidence should be considered by device regulators. Streamlined
regulatory processes to evaluate and test algorithm updates should be adopted.
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2.6. Uncovering Global Health Disparities in Type 1 Diabetes:
Cross-Sectional Study on Costs and Underuse of Insulin and Diabetes
Supplies.

The following text is reproduced in full from the abstract and full text of the publication:

Pfiester E#, Braune K#, Thieffry A, Ballhausen H, Gajewska KA, O'Donnell S. Costs and
underuse of insulin and diabetes supplies: Findings from the 2020 T1International
cross-sectional web-based survey. Diabetes Res Clin Pract. 2021 Sep;179:108996. # equal
contributions, https://doi.org/10.1016/j.diabres.2021.108996

Despite the centennial of insulin’s discovery by Banting and colleagues at the University of
Toronto in 1921, half of the people living with diabetes worldwide cannot access or afford it.
Since the discoverers sold the patent for 1 Dollar, and Banting famously said ‘‘Insulin does not
belong to me, it belongs to the world’’, the cost of insulin has dramatically increased globally.
Despite efforts of the World Health Organization (WHO) to encourage manufacturers to lower
costs, together with the inclusion of insulin analoga and their biosimilars on the WHO
Essential Medicines List, it remains unaffordable for many. Insulin rationing is a leading cause
of DKA admissions in PwD from minority populations. Furthermore, differences in household
income were found to be relevant for access to home refrigeration, usage of insulin pens,
insulin pumps, glucagon (as emergency medication for severe hypoglycemia) and ketone
strips, HbA1c testing, and complications screening in children and adolescents with T1D.

While a significant body of literature highlighted the prevalence and impact of cost-related
insulin underuse in the United States (US), there was little research on how this practice varies
across countries globally. While the cost of insulin may be as much as four times higher in the
US compared to other high-income countries, access to insulin varies worldwide, with many
lower and middle-income countries lacking universal coverage of diabetes medications.
Additionally, there was a pressing need to investigate these disparities in the context of the
COVID-19 pandemic, where disruptions of supply chains have led to further precarity in access
to insulin in some regions.

This was the first study to investigate self-reported out-of-pocket expenses and their effects
on rationing of insulin and blood glucose testing in context of health coverage, country, and
gross domestic product (GDP) of the country. We conducted a web-based, cross-sectional,
population-based survey. The analysis included comparisons between responses from
countries with no, partial, and full healthcare coverage. Quantitative analyses were conducted
within the R statistical framework. The original survey dataset and associated R scripts are
publicly available on a GitHub repository. 122,123

Of the 1,066 participants from 64 countries who took part in the study, 41% reported having
rationed test strips, and 25% have underused insulin at least once within the last year due to
cost. In low- and middle-income countries, out-of-pocket expenses posed a significant share
of household income and per capita GDP, and in some countries even exceed it.

Rationing and underuse were virtually absent in countries with universal healthcare coverage,
and a significant correlation was observed between rationing, out-of-pocket expenses, and
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reported household income for respondents with partial healthcare coverage. Medical devices
(CGM, insulin pumps) were the leading category of expenses, followed by insulin, test strips,
and glucagon. In countries with no healthcare coverage, such as Ghana and the Philippines,
priority was given to acquiring insulin and test strips over glucagon and devices. 63% of
participants reported disruption of insulin supplies and 25% reported an increase in prices
related to the COVID-19 pandemic.
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3. Discussion

This thesis provided an overview of user-driven innovation in diabetes technologies and their
clinical and quality of life benefits. Specifically, it included new evidence on the effectiveness of
open-source AID systems in the real world 83, lived experiences of users of open-source AID
and their caregivers 121, based on qualitative analyses of their narratives, demonstrated the
feasibility of the implementation of open-science infrastructure for real-world data sharing
84,111, and provided guidance to healthcare professionals and other important stakeholders in
the form of an international consensus statement. Further, we looked into health disparities
and access-related barriers to uptake of diabetes treatments and technology with an
international scope.123 In addition to the selection of articles for this thesis, we have also
extensively studied user characteristics, time-in-range and glucose variability in time series
data 115, barriers to uptake of non-users of open-source AID124, QoL and sleep using validated
measures 35,113,115–117,119,125, as well as on the barriers and enablers of the transition from
traditional to digital care.126

3.1. Evidence on Open-Source AID: What Do We Know?

This work carried out by the OPEN project, but also findings from others that were in line with
ours—based on in silico, self-/caregiver-reported, physician-reported, and device
data—concluded that open-source AID systems are safe and effective treatment options for
PwD, including very young children, adolescents, and elderly people.

The OpenAPS algorithm has been tested in silico 127 using the UVA/Padova simulator in a
variety of scenarios (e.g., with bolus over- and underestimation, anticipated and late mealtime
bolus) and with different glycemic targets and algorithm features enabled (e.g., advanced
meal assist and administration of microboli in addition to temporary basal rate changes). The
Loop and OpenAPS algorithms have also been tested head-to-head in swine with
unannounced meals, which found slightly superior TIR with a comparable % of time in
hypoglycemia for OpenAPS with microboli and the unannounced meal feature enabled over
the Loop algorithm with integral retrospective correction. 128

Real-world studies have shown that open-source AID systems are being widely used by PwD
in various regions of the world, including countries where commercial AID systems are not
available or are limited by cost and/or policy. 84 In these studies, glycemic outcomes improved
significantly with decreased and near-physiological HbA1c levels and increased TIR well above
recommended therapy targets, while hypoglycemia and glycemic variability were reduced at
the same time. 90,99,113,129–138 With the CREATE trial conducted in New Zealand, the safety and
efficacy of the OpenAPS algorithm could first be demonstrated by a randomized controlled
trial (RCT). 139

In addition to clinical outcome improvements, several studies from various regions of the
world reported improved psychosocial health outcomes of open-source AID users and
caregivers, with significant QoL improvements, better sleep quality, less fear of hypoglycemia,
less diabetes distress, and reduced disease burden in day-to-day life. 118,130,131,133,140,141

In summary, the clinical and patient-reported outcome changes for open-source AID appear at
least comparable to commercially developed AID systems with respect to clinical and QoL
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benefits 134; however, no direct head-to-head comparison with standardized protocols has so
far been conducted. 84

3.2. Strengths and Limitations of Current Evidence on Open-Source AID

Several strengths and limitations may apply to our but also others’ work on open-source AID.
Of particular strength are the multi-stakeholder approach, engagement and close
collaboration with the patient innovators of the #WeAreNotWaiting community, the
representative sample size in some of the studies, policies for anonymous participation and
open-data donation, the development and establishment of standardized protocols for data
cleaning and analysis, and exclusively independent funding mechanisms. 111,115,120,142–144

Of further strengths, the open-science infrastructure of all OPEN studies enables anonymous
participation for open-source AID users whilst the richness of the data is not compromised. In
our investigation of non-users of open-source AID and their perceived barriers to uptake, fear
of losing their healthcare provider’s support or their health insurance if they started using
open-source AID were significant concerns, which might cause participants to worry about
identification based on their shared data. 124,145 In addition to the introduction of a stricter
General Data Protection Regulation (GDPR) in 2016, privacy and cybersecurity aspects of
personal health data are now more relevant than ever. As an example, the Supreme Court’s
decision to overturn abortion rights (“Roe v. Wade” 146) led to concerns about how data
collected from period-tracking apps, among other health-related data, could potentially be
used to penalize anyone seeking or considering abortion in the United States. There were
public announcements encouraging women to uninstall their period-tracking apps, and
manufacturers of such apps have rapidly introduced additional privacy features in response.
147,148 This underlines the importance of secure and anonymous ways for users to participate
in open-science that prevents potential harm to the participant when sharing their health data
with various researchers. It also supports the importance of how science should always
remain independent of political and/or public opinion.

As for limitations, there currently is only one RCT that demonstrated the safety and efficacy of
the OpenAPS algorithm. 139,149 Some of the observational studies on open-source AID may be
limited by the lack of a control group and a possible self-selection bias of PwD opting to use
open-source AID (e.g., potentially more tech-savvy, with higher educational attainment and
lower baseline HbA1c levels prior to AID use compared to the average population of PwD).
84,114,134 Living with diabetes and self-managing insulin therapy inherently carries risk, with both
under- and over-delivery of insulin posing potentially significant health consequences. 84

Regulatory approval is a label that is legally required for companies to sell devices. However,
safety and efficacy can be determined in a variety of ways, and researchers but also individual
PwD and HCPs can assess that for themselves if they so choose and, for example, compare
risks posed by algorithm-controlled insulin delivery and human error. 150 Acknowledging the
importance of RCTs in biomedical research, particularly in the evaluation of medical devices,
the relevance of, and interest of regulatory bodies in, real-world evidence are increasing. The
approval process usually requires clinical trials that cost millions of dollars. Conducting RCTs
is not only complex and time-consuming but also creates significant barriers to entry. Hence,
the same research institutions and companies are frequently involved, further contributing to
inequalities in access that are already ubiquitous. Indeed, it is open to question whether the
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RCTs framework still represents an appropriate standard in relation to rapidly evolving medical
devices (e.g., digital apps) in general, and user-driven technologies in particular. Commercial
funding–acknowledged or otherwise–is one aspect; an equally relevant challenge is the long
duration of RCTs, including preparatory and follow-up work and the documentation associated
with them. The timeframe required to conduct clinical trials is at odds with the rate at which
users of user-driven open-source solutions are dynamically evolving and iteratively improving.

3.3. Next Steps in AID Research

With the implications outlined above, it can be argued that real-world evidence is not only
more practical but also more indicative of the actual performance of an AID system than
safety and efficacy results obtained via RCTs. With the Tidepool Loop project 151 in the US,
efforts are underway to obtain regulatory approval for AID systems based on open-source AID
algorithms. In these projects, industry partnerships with creators and patient innovators of the
#WeAreNotWaiting community have been established. For the safety and effectiveness
evaluation of Tidepool Loop, observational real-world evidence will already be considered by
the US Food and Drug Administration (FDA) for its regulatory approval. 152 The generation of
real-world evidence from independent sources comparing multiple AID systems head-to-head
in similar clinical settings would therefore reflect AID performance under real-world conditions
most accurately, which will be subject of one of our follow-up projects.

Approaches for further advances in AID development include the use of faster and
shorter-acting insulin, the development of bi-hormonal systems using insulin and its
counterregulatory hormone glucagon, fully automated systems without the necessity to
administer mealtime insulin manually, and the application of artificial intelligence to further
improve usability and dosing algorithms. 100 Further analysis of device data in context with
self-reported data will provide us an informative basis to help us identify improvement
potential of AID algorithms and features (e.g., pattern recognition of the circadian rhythm and
menstrual cycle 153, dynamics in insulin requirements during pregnancy and throughout
childhood and adolescence). Further, we will look into the importance of therapy settings and
their relevance to the performance of open-source AID systems. This information will help
update and complement clinical guidance on the use of AID in a variety of PwD in different
settings, and of different genders and age groups.

3.4. A Multi-Stakeholder Ethicolegal Dilemma

In addition to providing much-needed recommendations and guidance for the safe and ethical
use of open-source AID in clinical settings through our consensus statement 84, a handful of
healthcare providers and diabetes advocacy organizations have released position statements
and legal expert opinions. 154–158

Research specifically examining the legal, ethical, and policy implications of open-source AID
is scarce. Despite the publication of these position statements and opinion pieces, important
questions remain, which have not yet been adequately examined, let alone resolved; for
instance, who is liable in case of safety issues and device malfunctions that could harm users;
if open-source AID systems are adequately captured by the architecture of existing regulatory
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structures today; and the impact of open-source AID on the ethical and legal responsibilities of
clinicians towards those who choose to use such systems in their respective legislations. 145

Furthermore, humanities and social science have only begun to tease out the implications of
the emergence of peer production in healthcare as a new system of value creation alongside
commercial and publicly funded institutions. There are numerous ways in which peer
production breaks with current paradigms of medical innovation and regulation. Firstly, peer
production tends to be driven primarily by collaboration and diverse personal and prosocial
interests (e.g., self-interest, altruism, solidarity, affection, care, curiosity) towards the goal of
addressing a specific need 159; i.e., reducing the physical and emotional burden and cognitive
load of living with diabetes. Profit and monetary interests may still exist, but are peripheral and
not the core of activities. Secondly, in peer production, there is no separation between the
traditional “producer” and “consumer”. Innovators within the community are typically either the
end-users themselves or care for someone who is an end-user. Thus, from the developers’
point of view, the safety of the systems is more than just a requirement to be met in order to
obtain regulatory approval; they are a matter of their own or their loved ones’ life and death.
Thirdly, open sharing of information and data are tenets of the philosophy behind
#WeAreNotWaiting. The source code of the different open-source AID apps operating the
algorithms is shared on open-source repositories online and extensively documented so that
others can not only compile such systems for themselves but also check the integrity of the
code. There is a clear explanation of the logic underpinning the calculations and decisions of
the dosing algorithms that are used as part of the automation process (i.e., no “black box”).
This allows PwD, alongside real-world evidence produced by academia in collaboration with
the community, to make informed decisions as to the relative risk and merits of building a
system for themselves. 4,150 All of these conditions have created a situation in which patients
have built a high level of trust in a technology that has been developed entirely outside of
existing regulatory frameworks. 150

3.5. The Digital Divide

While PwD generally report positive experiences with diabetes technologies, the complexity of
accessing and maintaining them currently remains challenging for some. 160 Significant health
disparities in access to diabetes care exist between countries and regions, but even within the
same country. 123 Market availability of a medical device per se does not automatically imply
universal access for patients. 161

Our analysis of barriers to uptake for open-source AID has shown that sourcing the necessary
components (CGM, insulin pump) is the most significant challenge for building an AID system.
124,125 In low-and-middle-income countries with no or partial insurance coverage, diabetes
technologies are almost universally inaccessible and unaffordable for most households. 123,162

In developing countries and/or countries with no healthcare coverage, access to a qualified
HCP, a specialized hospital, appropriate medication, and technology often depends on what
household a person is born into, or on their biological sex. 163,164 This issue has been
extensively studied in India where girls with T1D are significantly disadvantaged in access to
diabetes care compared to boys 163,164, and those with lower socioeconomic status and living
in poorer neighborhoods not only have a higher prevalence of type 2 diabetes but also in
diabetes related-complications. 165,166 In countries that are supported by the “Life for a Child”
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program of the International Diabetes Federation 167, only 0.2% of young PwD are using insulin
pumps. Diabetes care, as it is recommended by the ISPAD guidelines is prohibitively expensive
for PwD in lower resource countries.168 Very little care is provided by government health
systems, resulting in high mortality, and high complication rates in those who do survive. 169,170

In the lowest resourced countries, even minimal care with insulin injections and capillary blood
glucose monitoring is beyond many families’ means so they depend on additional support.
169–172

Even in high-income countries where diabetes technologies are largely covered by the
healthcare system, that does not guarantee access and availability to the individual PwD.
Limitations in license status may apply, and reimbursement policies vary between regions and
insurance plans. 84 For example, in Germany, Ireland, and the US, children, adolescents, and
young adults with T1D are less likely to meet therapeutic target recommendations for HbA1c
and be prescribed a CGM or an insulin pump if they belong to an ethnic group other than
Non-Hispanic White or are socially deprived. 86,173–179 This particularly applies to PwD from
indigenous communities in North America and the Western Pacific region. 180–183 Similar
patterns as in access to insulin and supplies apply for access for PwD to diabetes education.
184–189

In addition to structural barriers impacting universal access to advanced diabetes
technologies, there are also behavioral barriers, founded on the attitudes and beliefs of HCPs,
also referred to as “implicit bias” and “clinical inertia”. 190–192 Recommendations for the
transition to technologically mediated treatment may be influenced by clinicians’ limited
resources in time and education, lack of familiarity with the efficacy and safety of therapeutic
regimens, or their assessment of whether PwD are genuinely committed to reaching optimal
glycemic targets and their intellectual capacity to do so. 177,192,193 Such assumptions may
systematically exclude certain population groups, even though there is evidence that initiation
of technologically mediated treatment can serve as a catalyst for some PwD to truly engage
with their diabetes management, even though they have not previously shown any inclination
to do so. 194–196

The “digital divide” might further increase these disparities between PwD if access and
availability of digital innovations are not taken into consideration and given a priority early on
in planning their distribution. 197 Although advances in safety, efficacy, and usability of
technologically mediated treatments promise much, there remain significant concerns with
respect to social inequality and the challenge of ensuring that the benefits of diabetes
technologies, and AID in particular, are widely diffused across the population. Globally, around
80% of PwD live in low-income and middle-income countries, yet most interested parties
continue to pursue a research agenda driven by high-income needs. 198,199 The challenges
around the access and adoption of diabetes technology are, therefore, not exclusively medical
or technical. They are also profoundly ethical, sociological, and political in nature and require
an interdisciplinary and intersectoral approach to be addressed effectively. As questioned by
medical anthropologist Paul Farmer: “If healthcare is [...] a human right, who is considered
human enough to have [it]?” 200 – or is it just a privilege?
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3.6. Industrial Healthcare fails Patients–and Clinicians

Structures and workflows in healthcare have evolved over the last decades, to a large part
towards industrially-oriented models. In his book “Why we revolt: A patient revolution for
careful and kind care”, endocrinologist Victor Montori argues that industrial healthcare “fails to
notice patients”. 201 In such healthcare systems, rigid protocols and fear of deviating from
them miss the individual person. Encounters that are enforced to be brief and shallow speed
patients through consultations in which HCPs cannot appreciate their situation. “Failure to
notice” is also related to encounters bloated with industrial agendas, such as documentation
and billing. 201 “The harm is not only to patients”, he concludes, “industrial healthcare is killing
the healer’s soul. Enforced productivity depletes clinicians. Industrial healthcare has stopped
caring for [...] everyone at the frontline”. Clinicians have described their experience with seeing
patients in such a series of short-term encounters as a “blur” in which they can barely
remember the individual and their history at the end of the day.201 This stress and mental
health burden on HCPs has only increased for practicing and aspiring doctors given the
challenges of the Covid-19 pandemic. 202–204

Industrial healthcare not only fails to notice patients as part of encounters in clinical care, but
also fails to make essential tools, medication, and education accessible to a vast majority of
the population. In the “100 years of insulin” special issue of The Lancet, the editors described
the centennial of insulin as a “technical success, but an access failure”. 198 Similarly, it was
stated in the New England Journal of Medicine that the anniversary of the discovery of insulin
celebrates “100 years of insulin for some”. 205 This is not only prevalent in
low-and-middle-income countries but also in the US, where skyrocketing prices for insulin
significantly contribute to disparities in healthcare within the American population. 206,207

#WeAreNotWaiting has not been the only precedent where the public and patient community
have been approached for help by PwD. As described in the study “GoFundMe as a medical
plan” by Litchman et al., individuals turning to crowdfunding websites for financial support of
their healthcare-related costs is becoming more and more popular. 208,209 Other approaches for
Americans who cannot afford to buy insulin include medical tourism to border states (i.e.,
Canada and Mexico); however, due to the FDA, it is generally illegal for Americans to import
drugs into the US for personal use and has provided border inspectors expanded authority to
destroy imported drugs at their point of entry. 210,211

The case of #WeAreNotWaiting highlights how informed and connected people already disrupt
the medical device industry and its regulatory landscape, simply because patients and their
families did not accept the limitations in availability and access to advanced treatments but
also the slow speed of development and regulatory processes. As one of our study
participants described: “It was a defining moment in my life as a parent. [...] I was no longer at
the mercy of markets, profits, politics and whims. I had the capacity to provide for my own child
again.” 121

3.7. “Do-it-Yourself” is not “Do-it-Alone”: The Impact of Community

With implications of availability and access to diabetes care as outlined above, involving peers
in their own or a child’s diabetes care is gaining momentum. For some, this is a proactive
choice; for some, it is a necessity. 208,212,213 In today’s digital world, PwD are using a variety of
text, pictures, audio, and video to express their needs, wishes, failures, frustrations, and

106

https://paperpile.com/c/G5Frv7/8TD8y
https://paperpile.com/c/G5Frv7/8TD8y
https://paperpile.com/c/G5Frv7/8TD8y
https://paperpile.com/c/G5Frv7/CqbDJ+rJVfR+DwcoW
https://paperpile.com/c/G5Frv7/WtEdZ
https://paperpile.com/c/G5Frv7/mENvJ
https://paperpile.com/c/G5Frv7/6IOXD+nETc1
https://paperpile.com/c/G5Frv7/4V0U7+LjWHi
https://paperpile.com/c/G5Frv7/83bxq+1teNp
https://paperpile.com/c/G5Frv7/xCbv
https://paperpile.com/c/G5Frv7/4V0U7+qzWY2+eyBdf


successes; to provide companionship and mentoring, and to share their experience and advice
in an unprecedented 24/7 stream of consciousness. 213 A recent study by Tendrich et al. has
highlighted how online peer support groups “fill critical gaps in the healthcare system” by
providing real-time support and education to PwD “anywhere, anytime”.213 These resources of
social, emotional, and experiential support generally have a positive impact on diabetes
management. 214 This is in line with our findings on the motivation to engage with the
#WeAreNotWaiting community, where a sense of community and helping others
“#PayItForward” was frequently mentioned. As stated by one of our study participants: “It feels
like I am part of a big people-powered movement. It feels like a revolution.”

The aspect of “patient centricity” in research and clinical care is gaining importance but, in
reality, is oftentimes poorly executed. Whilst many concepts promise to be “patient-centric” or
“-oriented”, actual patients who can speak for themselves have only marginally been involved,
e.g. as research participants or in minor advisory roles. As patient and caregiver perspectives
can provide meaningful information that is critical for an intervention’s success, their impact
should not be underestimated. With the uptake of collaborations between research institutions
and patient innovators, recommendations for diabetes advocacy being considered in the
latest version of the ADA guidelines, the ISPAD’s plans to involve PwD in their next iteration of
clinical guidelines, and the launch of the #dedoc° voices program–a scholarship program that
brings diabetes advocates to scientific conferences–efforts are underway to increase public
and patient involvement in diabetes research and care. 215,216
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4. Summary and Conclusion

While the search for a biological cure for T1D continues, AID systems remain at the forefront
of technologies and treatments for optimal diabetes management as a new state-of-the-art
therapy option or so-called “technological cure”.

While current studies, our own and others’, have shown that users of AID systems
(commercial and open-source) achieve positive outcomes with respect to clinical parameters
and QoL, there are still areas for improvement and further iteration in terms of interoperability,
user experience, education for PwD and HCPs, personalization, suitability for different gender
and age groups, and especially wider access for PwD. Medical devices should no longer be
manufactured and marketed as “one size fits all”. Manufacturers should therefore no longer
continue to develop products and services in isolation. Instead, users from many backgrounds
should be involved as early as possible. Their wishes and needs should be identified and
understood, and challenges as the basis for developing effective and marketable solutions
that meet their expectations and are accessible and applicable for a variety of different groups
throughout the social gradient. #WeAreNotWaiting is unlikely to be the last bottom-up initiative
in the field of medicine and healthcare. Taking matters into their own hands, this unique
community and its bottom-up approach is a novelty, and a primary example of impact by peer
support, where intelligent computing, open sharing of data and information, community
support, and direct user feedback combine to push innovation while striving to ensure that
privacy, security, and safety are not compromised.4 It is important to determine the lessons to
be learned from this movement, especially for stakeholders involved in research and medical
device development but also regulatory affairs, governance, and policymaking. Mutual efforts
will help us to finally fully “close the loop”.

“If I could give my pancreas to my son, I would. This is the next best available option.”

(Caregiver of a 12-year-old boy, UK, using OpenAPS since 2018) 121
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