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Abstract

Background: Given thelimitationsin the access and license status of commercially devel oped automated insulin delivery (AID)
systems, open-source AID systems are becoming increasingly popular among people with diabetes, including children and
adolescents.

Objective: This study aimed to investigate the lived experiences and physical and emational health implications of children
and their caregivers following the initiation of open-source AID, their perceived challenges, and sources of support, which have
not been explored in the existing literature.

Methods: Data were collected through 2 sets of open-ended questions from a web-based multinational survey of 60 families
from 16 countries. The narratives were thematically analyzed, and acoding framework wasidentified through iterative alignment.

Results: A range of emationsand improvementsin quality of life and physical health were reported, as open-source AI1D enabled
families to shift their focus away from diabetes therapy. Caregivers were less worried about hypoglycemia at night and outside
their family homes, leading 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 be
challenging. The #WeAreNotWaiting community was the primary source of practical and emotional support.

Conclusions; Our findings show the benefits and transformative impact of open-source AID and peer support on children with
diabetes and their caregiversand families, where commercial AID systemsare not available or suitable. Further effortsare required
toimprovethe effectiveness and usability and facilitate accessfor children with diabetes, worl dwide, to benefit from thisinnovative
treatment.

International Registered Report Identifier (IRRID): RR2-10.2196/15368
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Introduction

Background

Type 1 diabetes (T1D) is a challenging chronic condition for
children, adolescents, and their caregiversand is associated with
long-term macro- and microvascular complications and the
consequent risk of increased morbidity and mortality.
Therapeutic guidelines of the International Society for Pediatric
and Adolescent Diabetes recommend atarget hemoglobin A4
(HbA ) level of <7% for children and adolescents with T1D,
albeit atarget that must be balanced with the individual disease
burden and risk of hypoglycemia[1].

The management of diabetesis particularly challenging during
childhood and adolescence. Day-to-day tasks often involve an
entire family. Children show variability in insulin sensitivity
related to physical growth and sexual maturation, which requires
frequent adjustments in insulin dosing [2]. With the dynamic
physical activity and nutritional intake of young children, their
glycemic levels can fluctuate rapidly [3]. In addition, the
transition of responsibility for diabetes management from
caregiversto children and their increasing independence during
adol escence can often further complicate this difficult dynamic.
Adolescents and young adultswith diabetesfrequently struggle
to meet the recommended glycemic targets and are particularly
vulnerableto acute complications, such as severe hypoglycemia
and diabetic ketoacidosis [4,5]. Living with T1D also impacts
the quality of life and mental health [6]. Thus, psychosocia
support and individualized treatment play an important rolein
diabetes care in this age group [1].

Recent advances in diabetes technology have led to the
development of automated insulin delivery (AID) systems, also
known as hybrid closed-loop, closed-loop, or artificial pancreas
systems. In AID, acontrol algorithm automatically adjusts the
insulin delivery of aninsulin pump in response to readingsfrom
acontinuous glucose monitor (CGM) to helpimprove glycemic
levels and variability and reduce the day-to-day burden in
diabetes management [7-10].

Although commercially developed AID systems have recently
become availablein select countries, not all arelicensed for use
by children. Currently, CamAPS FX (CamDiab Ltd) isthe only
AID system that has received regulatory approval for children
aged <7 years but is restricted in interoperability and only
compatible with one specific CGM and pump model, only
availablein select European countries, and must beindividually
purchased on a subscription basis. Young children are often the
last cohort to be included in a clinical trial. Off-label use of
commercia AID in this group shows only minor timein range
(TIR) and HDbA,. improvements compared with older
individuals, indicating a higher hypoglycemiarisk for this age
group [11,12].

Parents and caregivers of children with diabetes have been in
the vanguard of the drive toward AID systems. Under the
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hashtag #\WeAreNot\Waiting, a web-based patient community
has sought to creste resources and toolsfor diabetes management
since 2013. The movement began with the “ Nightscout” project,
where caregivers created a cloud-based platform for alerts and
remote glucose monitoring for their children. Eventualy, the
community developed control algorithmsfor the AID. In these
“do-it-yourself” or “open-source” AID systems, commercially
available sensors for CGM and insulin pumps are linked to a
microcontroller or an app on a smartphone. The source code
and documentation of these systems were shared freely on the
web. In addition, the community provides both practical and
emotional peer support with setup and maintenance. To date,
open-source Al D systems have not been approved by regulatory
bodies and must be built and used at an individua risk. An
estimated number of >10,000 individuas, worldwide, use
open-source AID. Approximately 20% of these users are
children and adolescents, where their caregivers are building
and maintaining the systems on their behalf [13,14].

Although evidence based on the clinical outcomes of
open-source AlD isgrowing, there are relatively few published
studies on the lived experiences of people with diabetes using
this technology and fewer till, concerning children and
adolescents with diabetes and their caregivers. Previous studies
have found improvements in HbA,. and percentage TIR in
various age groups, including children and adol escents[13-16].
As part of the Outcomes of Patients' Evidence with Novel,
Do-it-Yourself Artificial Pancreas Technology (OPEN) [17]
project, we previously assessed self- or caregiver-reported
clinica outcomes [14,15] and motivations [14] to build
open-source AID. Improved sleep quality was aprimary reason
for caregiversto use AlD, followed by improved glycemiaand
reduced complication risk for the child, and the option of remote
monitoring and control via the internet, thus reducing disease
burden and enabling more independencefor children. A recently
published international consensus statement on open-source
AID supported its use for children and adolescents, as long as
the child's welfare is being considered by health care
professionals (HCPs) and caregivers who are setting up
open-source AID systems for their children, with the child's
assent and engagement [18].

Objectives

This study aimed to examine four specific, albeit interrelated,
aspects of the lived experiences of children and adolescents
with diabetes and their caregivers on their journey to becoming
open-source AID users: (1) the emotional health implications
of open-source AID, (2) the experience of changesto physical
health using open-source AID, (3) perceived challenges with
the implementation and maintenance of open-source AID, and
(4) sources of support during the implementation and
maintenance of open-source AID. Self-reported glycemic
outcomes and sleep have also been reported to provide further
context for lived experience data.
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Methods

The results were obtained from answers to 2 open-ended
guestions included in a cross-sectional web-based survey
examining the use of open-source AID. The survey titled
“DIWHY” was conducted between November 2018 and March
2019 [17].

Ethics Approval

Ethicsapproval was provided by Charité—Universitdtsmedizin
Berlin (EA2/140/18).

Survey Design

The survey (Multimedia Appendix 1) was created by the
patient-led OPEN consortium in collaboration with further users
of open-source AID and was piloted with a small group before
thefina release. The Checklist for Reporting Results of Internet
E-Surveys (CHERRIES) guideline was used to guide the survey
development [19]. The survey included 39 items in total,
including questions on the child’s demographic information,
the open-source AID systemin use, HbA ., and TIR beforeand
after initiation, and 2 composite open-ended questions, which
sought to capture lived experiences with open-source AID in
theform of narratives. Participants could enter afree-text answer
with up to 1000 words for each of the 2 questions.

The first question inquired about the individual journey of the
caregiver and child toward setting up and using an open-source
AID system, including sources of information, support,
motivation, and emational impact:

If you would like, please share your personal story
about why you decided to build your own artificial
pancreas system and how you got started. Feel free
to share any experiencesthat had a significant impact
on how you manage your diabetes aswell. Thisstory
can be as short or aslong as you wish.

The second question addressed the perceived changesfollowing
the initiation of open-source AID and the challenges
experienced:

When reflecting on your personal DIY closed-loop
story, you may want to consider the following: When
did you first hear about DIY closed-loop systems and
how did you look for further information? Were there
any key events or experiences that were a factor in
your decision to begin closed looping? Was there
anyone elseinvolved in hel ping you cometo decision
to begin DIY closed-looping? For example a friend,
family member or an online support group? What
were your emotions in the lead-up to building your
DIY closed-loop system? For example, had you any
major hopes or fears?

Participants and Recruitment

Participants were eligible if they were caregivers of a child or
adolescent with diabetes (type 1, 2, or other), using an
open-source AlD. There were no restrictions on age, timesince
diagnosis, or commencement of open-source AID.
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Participants were recruited using public announcements on the
OPEN project website and socia media channels, such as the
Facebook groups*Looped” (>6000 members) and “AndroidAPS
Users’ (>1800 members as of November 2018), regional
subgroups, and tweets under the hashtags #\WeAreNot\W\aiting
and #DIYAPS All posts were organic, meaning that their
web-based reach was not affected by any monetary influence.
Participants consented el ectronically and joined voluntarily and
anonymously with the children's assent. The survey was
available in German and English.

Data Collection and Analysis

Datawere collected and managed using the REDCap (Research
Electronic Data Capture; Vanderbilt University) electronic data
capture tools hosted at Charité. Following deidentification of
the data set, qualitative analysis was performed using NVivo
12 (QSR International, 2018) software. The narratives were
analyzed using an approach based on the principles of Template
Analysis [20]. Acknowledging the response priming included
in the framing of the open-ended questions, initial coding (by
KB, CK, and NK) sorted the data in accordance with 4
predefined topics. physical health impact, emotional impact,
sources of support, and perceived chalenges. To establish
alignment, all 3 coders analyzed and sorted thefirst 30 narratives
into 4 topics. Using the“ coding comparison” functionin NVivo,
it was established that there was a high level of agreement
among the coders. Level of agreement was defined as the
number of units of agreement divided by the total units of
measure within the dataitem, as a percentage. Inthe next phase
of data analysis, al data extracts sorted into the 4 topics were
coded inductively and independently by the 3 coders, which led
to an extensive set of descriptive codes. Finaly, codes were
collaboratively collated and used to establish a set of
higher-level codes, each of which was described in detail in a
codebook. The template codebook was refined and modified in
discussions between the 3 coders and the project group.

To test the utility and resonance of the themes as captured in
the template, 2 coders (HB and BC) further used the template
to analyze the narratives independently of one another. The
initial group of coders (KB, CK, and NK) then refined the
template based on the coding and feedback provided during this
process. A third independent coder (SO) then analyzed the data
using the refined template. After this final review of coded
responses and the template, it was agreed that code saturation
had been achieved, and all major themes were identified.

Retrospective and caregiver-reported clinical outcome datawere
analyzed withinthe R (R Foundation for Statistical Computing)
programming framework. Only respondents who reported at
least one value before and after open-source AID
commencement were considered, leading to sample sizes of
N=52 and N=36 for HbA ;. and TIR, respectively. The HbA .
values were averaged. Moreover, 1-tailed Student ttests were
conducted with the parameter paired=TRUE. Figures were
produced using the ggplot2 package.

JMed Internet Res 2022 | vol. 24 | iss. 7| €37120 | p. 3
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH

Results

Participant Characteristics

In total, 60 caregivers (35.7% of al 168 participants in the
DIWHY study) from 16 countries responded to the open-ended
guestions on behalf of their children, and there were combined
107 responses to both questions. All children and adolescents
were diagnosed with T1D, aged between 3 and 20 years, and
using an open-source AID for a duration of <1 month and up
to 3years. The caregiver and child demographics aswell asthe
clinical features of the 60 participants who responded to the
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open-ended questions are summarized in Table 1, whereas the
characteristics of the other 108 participants of the DIWHY study
areincluded in Table S1 in Multimedia Appendix 2.

Of the 60 children and adolescents, the average HbA . levels
(of participants with reported measures both before and after
AID commencement, see Methods section) decreased from
7.0% (SD 0.8; 53 mmol/moal) to 6.3% (SD 0.7; 45 mmol/mol;
1-tailed paired t test; P<.001; Figure 1), and TIR increased from
60.7% (SD 15.1) to 80.4% (SD 9.1; 1-tailed paired t test;
P<.001) following the initiation of open-source AID (Figure
2).
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Table 1. Children’sand caregivers demographic and self-reported clinical characteristics (N=60).

Children and adol escents

Child’sgender, n (%)
Female
Male
Other
Child's age (years), mean (SD)
Type of diabetes, n (%)
Typel
Type2
Other
Duration of diabetes (years), mean (SD)

Duration of open-source AlD? use (months), mean (SD)

Type of open-source AID, n (%)
AndroidAPS
OpenAPS
Loop

Other®
Region and country of residence, n (%)
Europe
Germany
United Kingdom
Finland
Sweden
Czech Republic
Spain
Slovekia
Others®
North America
United States
Canada
Asia
South Korea
Western Pacific
Australia
Caregiver’s education: highest completed, n (%)
University degree or diploma
Doctorate
High school
Other
Caregiver’s occupational status, n (%)
Full-time

Part-time

26 (43)
34 (57)
0(0)
10.0 (4.5)

60 (100)
0(0)
0(0)
53(4.3)
10.9(9.2)

28 (47)
21 (35)
17 (28)
2(3)

47 (79)
12 (20)
9 (15)
7(12)
5(8)
3(5)
3(5)
3(5)
14 (12)
6 (10)
4(7)
2(3

3(5)
5(8)
38 (63)
9 (15)
8 (13)

5(9)

39 (65)
15 (25)
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Children and adol escents

Unemployed
Other

Annual household income (US $), n (%)
<20,000
20,000 to 34,999
35,000 to 49,999
50,000 to 74,999
75,000 to 99,999
>100,000
| would rather not say
Not stated

3(5)
3(5)

4(7)
5(8)
4(7)
11 (18)
10 (17)
16 (27)
303
7(12)

8A1D: automated insulin delivery.
b Open loop with AndroidAPS’ and “ custom development.”
CAustria, Bulgaria, Croatia, and Greece.

Figure 1. Outcomes of open-source automated insulin delivery (AID) implementation. Density distributions of hemoglobin Alc (HbA1lc) before and

after commencement of open-source AID (line colors); n=52.
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Figure 2. Outcomes of open-source automated insulin delivery (AlD) implementation. Density distributions of time in range (70-180 mg/dL/3.9-10.0
mmol/L) before and after commencement of open-source AID (line colors); n=36.
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Template Analysis

Overview

A total of 4 topics, “Emotional and Quality of Life Impact,”
“Physical Health Impact,” “Challenges,” and “ Support” were
used to organize the qualitative data, recognizing the fact that

https://www.jmir.org/2022/7/€37120
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participants’ responses were partially primed by the framing of
the open-ended questions. The datawere subsequently analyzed
to generate codes within these topics to expand and illustrate
them. The codes are described with examples of illustrative
quotes, the number of occurrences, and the respondents’ profiles,
as shown in Table 2.
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Table 2. Final codebook template including deductively (A-D) and inductively (A1-D2) developed codes.

Topic Occurrences?, n Illustrative quote Respondent profile

Emotional and quality of lifeimpact (A)

Worry and fear (A1): describes difficult 16 “1 was very skeptical and scared. Over Caregiver of aboy aged 13
emotionssuch asworry and fear of caregivers time more information became available  years, from Australia; aged
related to living with and managing diabetes, and the safety became clear and com- 6 years at diagnosis; using
experiencing hypoglycemia, and developing pelling. We realized we would be safer Loop for 2.5 years
long-term complications. It also refersto the with a Loop than without. | was scared
concern of not being able to build and main- that others would not be able to compre-
tain the open-source Al DP. hend this (because even endocrinol ogists

fail to understand fully the burden and

dynamism of type 1) and that they would

guestion whether we were putting our

child at risk and make areport about usto

child well-being authorities.”
Desperation and frustration (A2): describes 14 “Asamom | was desperate, | wastired Caregiver of agirl aged 17
feelings of desperation and frustration of from being up al night, | was getting years, from the United
caregiversrelated to living with diabetes and frustrated from teen hormonesand | was ~ States; aged 2 yearsat diag-
caring for a child with diabetes, diabetes willing to try almost anything to helpboth  nosis; using Loop for 33
management, and the implementation of the of us” months
open-source AID.
Uncertainty (A3): describes uncertainty and 6 “Nevertheless, thereis still alegal uncer- Caregiver of aboy aged 12
insecurities of caregivers regarding legal tainty and at the moment we just dareto  years, from Germany; aged
grounds, missing regulatory guidelines, and use the loop in our own four walls. Inthe 11 years at diagnosis; us-
thetrust of reliability in an open-source AID morning we switch to the normal Any- ing OpenAPS for 2 weeks
system. Dana A app, in the evening back to An-

droidAPS”
Anticipation, hope, and wishes (A4): de- 24 “Major driver for the project wasto give  Caregiver of aboy aged 18
scribes positive and hopeful emotional states my son more yearswithout complications years, from Finland; aged
of anticipation and great expectations of by lowering the HbA ;£ 1 year at diagnosis; using
caregiversthat lie on the AID for improved OpenAPSfor 1 year
diabetes management and hope for improved
quality of life. Also includes wishes for ac-
cessto an AID system for everyone.
Excitement, appreciation, and satisfaction 51 “1 remember the exact place | stood Caregiver of aboy aged 13
(A5): describes all positive emotions of watching the [OpenAPS] log [roll] and  years, from Australia; aged
caregivers and children related to the experi- seeing the [preflight] was successful and 6 years at diagnosis, using
ence with the open-source AID in daily use then that the loop was complete. | wasin Loop for 2.5 years
including excitement, happiness, satisfaction shock that we could do this and that |
with the results, and appreciation. could afford it and that my child was going

to [be] better off because of this. It wasa

defining moment in my life as a parent.

No one could stop me giving my child the

care they needed anymore. Especially not

acompany who places shareholders above

clients (which legally they must do). | was

no longer at the mercy of markets, profits,

politics and whims, | had the capacity to

provide for my child again.”
Security and reassurance (A6): relates to 45 “Our child never wokeupif shehadalow Caregiver of agirl aged 10

caregivers feeling more empowered, more
secure, and reassured owing to the use of an
open-source AlD system, through automa-
tion, remote monitoring, and control, aswell
as experiencing success and observing the
success of others using an open-source AID.

even though her pump was sounding a
very loud alarm. And because she slept in
her own room we were afraid of some-
times not hearing the pump alarm either.
So Nightscout sounded like the perfect
solution, as we could then be woken up
by any mobile phone or iPad. This added
alot to our feeling of security.”

years, from Finland; aged
7 years at diagnosis; using
OpenAPS for 3 months
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Topic

Occurrences? n

Illustrative quote

Respondent profile

Child empowerment and independence (A7):
describesthe degree of independence, auton-
omy, and self-determination in children and
adolescents using the open-source AID, en-
abling them to participate in daily life and
social activitiesin aresponsible and self-de-
termined way.

Physical health impact (B)

Glycemic outcomeimprovement (B1): refers
to improved time in range and HbA 1 levels,
less glucose variahility, fewer hypo- and hy-
perglycemic events, and reduced long-term
complication risk.

Quality of lifeimprovement (B2): refersto
the mentioned improvements of quality of
life and describes the degree to which an in-
dividual is healthy, comfortable, and able to
participate in or enjoy life events.

Improved sleep (B3): denotes all aspects of

improved sleep quality for either caregivers
or children such as increased sleep duration,
fewer sleep interruptions, and feeling better
rested in the morning.

Facilitated diabetes management (B4): relates
to the simplifications of the individual dia-
betes management due to the open-source
AID, such as fewer interactions with the
technology or between caregiver and child;
for example, through remote control and au-
tomation. It also includesthe age-appropriate
transfer of responsibilitiesfrom caregiversto
adolescents to self-manage diabetes therapy.

Challenges (C)

Accessto technology (C1): relatesto theissue
concerning obtaining accessto the component
parts of an open-source AID system, such as

|oopable pumps and supplies, CGM d, and
additional required hardware.

Out-of-pocket expenses (C2): describes bar-
riers regarding out-of-pocket expenses and
cost for the hardware and supplies related to
insurance coverage, household income, and
other financia challengesin access.

Self-perceived lack of technical skills (C3):
denotestheissue of yet self-perceived limited
knowledge and missing technical skills care-
giversare experiencing to set up open-source
AID initially.

25

36

14

40

42

27

“Daughter can work without having to
phone me for advice. She has been on
holiday [for the] first timewithout parents.
She...] now feels confident to consider
leaving home.”

“Every single morning she'sin range. If
at night she's not, we know that by the
morning she will be, and she [will get]
there safely. It'sreally good.”

“1 keep a continuous discussion with my
twins that both use DIY closed loops,
through texting. | usethisway to share my
remote observations on their status, while
they concentrate on their university stud-
ies, or simply enjoy their lives. | inform
them this way about afailing connection,
areservoir getting empty, a battery need-
ing charging, or to drink some juice to
avoid acoming low.”

“1t's been as good as expected, and better
still as now we sleep. You forget how
much sleep deprivation clouds your judg-
ment.”

“There is no comparison with earlier.
There used to be 5-6 blood measurements
per child per day, and that was all. With
or without a pump, every mea was a
challenge. For 1.5 years, the APS hasbeen
adjusting the blood sugar value after the
bolus, adding moreinsulinif the valuein-
creases, or adjusting the delivery if the
value drops”

“Getting the hardware was most frustrat-
ing. | tried to buy the hardware from the

manufacturer but in Sweden you could not
do that without a subscription from your

doctor. | ended up getting a second hand
Dana R pump from another patient who

upgraded to a newer pump.”

“We were concerned about the cost of
sensors. They are not covered by private
health here and it cost approximately US
$5000 a year when we started. Now kids
are covered, but when they turn 21 that
ends. We are still worried about covering
that bill in the future.”

“Major fears | wouldn't be able to under-
stand the technology.”

Caregiver of agirl aged 20
years, from Croatia; aged
10 years at diagnosis; us-
ing OpenAPSfor 3 months

Caregiver of agirl aged 18
years, from the United
Kingdom; aged 11 yearsat
diagnosis; using An-
droidAPS for 8 months

Caregiver of aboy, aged
20 years, from Greece;
aged 2 years at diagnosis,
using OpenAPSfor 1 year

Caregiver of aboy aged 8
years, from the United
Kingdom; aged 7 years at
diagnosis; using An-
droidAPS for 3 months

Caregiver of aboy aged 20
years, from Greece; aged
1 year at diagnosis; using
OpenAPS for 17 months

Caregiver of aboy aged
3.5 years, from Sweden;
aged 2 years at diagnosis;
using AndroidAPS for 4
months

Caregiver of aboy aged 13
years, from Australia; aged
6 years at diagnosis, using
Loop for 2.5 years

Caregiver of agirl aged 12
years, from Australia; aged
11 years at diagnosis; us-
ing Loop for 1 month
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Topic

Occurrences? n

Illustrative quote

Respondent profile

Lacking health care provider support (C4):

relates to instances where caregivers reflect
upon their children’s health care providers

lack of support and negative attitudes.

Impracticability of carrying additional de-
vices (C5): relates to the necessity for chil-
dren and adolescents having to carry addition-
a devices for open-source AID and protect
them from breaking.

Transition from childhood to adulthood (C6):
describes challenges associated with the
transition from childhood to adulthood, re-
garding physical and hormone-related
changes during puberty and psychosocial

challengesin adolescents living with T1D®
and taking over responsibility for their own
therapy with an open-source AID.

Setup and maintenance effort (C7): relatesto
difficulties caregivers experience while set-
ting up open-source AID. Thisincludes an
unexpected high time effort and multiple
throwbackswhileinitially setting up the sys-
tem, technical difficulties with running and
maintaining the system, and fine-tuning to
find the right settings and parameters to ac-
complish desired results.

Support (D)

Community peer support (D1): includes ac-
tively received or provided community peer
support. Thissupport could either be provided
on the web through social media groups and
communities or in person through life events,
individual people, or meet-ups. Does not in-
clude individual key people or role models.

Individuals as role models (D2): describes
one or multiple key people, often members
of the #WeAreNotWaiting community, who
inspired or directly supported caregiversand
children in building an open-source AID.

Web-based resources (D3): describes web-
based resources such aswiki blogs, tutorials,
websites, webinars, and other documentation.

14

10

45

15

19

“Fight with our own diabetologist to get
aDANA RS prescribed. Although we
didn’t talk openly about looping, she has
repeatedly emphasized that we only want
the DANA RS pump for looping, which
is not alowed. We have won, but now
hide the loop, which cannot be a perma-
nent state. We need medical carein which
we can communicate openly.”

“1t also meant that our daughter had to
carry an extraitem, i.e. the mini-computer,
with her during the day.”

“While our control hasimproved, itistill
significantly more variable than | would
expect based on the results | see from
othersinthecommunity. My sonishighly
insulin sensitive[...], variablein hisactiv-
ity level and intensity [...], and experienc-
ing substantial swingsin carb ratios, basal
rates, and insulin sensitivities as he is go-
ing through great physiological changes
in puberty.”

“As afamily, we feel very happy that we
can finaly control the blood sugar levels
of our children in the desired area, even if
it takes great care to do everything right.
Batteries (pump, CGM, mobile phone,
OpenAPS computer) must be regularly
charged or exchanged, the CGM must be
continuously calibrated, insulin must be
refilled, every 3 days you exchange the
catheter, every 14 days the CGM, etc.
With such aresult, no problem. The hun-
dreds of hours I've spent on it are worth
it”

“So inthat same Facebook group | started
to learn about DIY artificial pa[n]creases
and | joined another, international group
called Looped to learn more. | then asked
around and | wastold that OpenAPS was
themost advanced of the three optionsand
decided to go for that.”

“I found Tim Street’s Diabettech website
and started following him on twitter/blog
at [the] same time. He was coming to
speak at amedical conferencein Edin-
burgh and was going to a[type 1] meet
up. | gate-crashed the meet in the pub and
had to wait until the end][...] | asked him
to show me his pancreas! [...] Tim orga-
nized the first U.K. meet up in London
and offered me an old transmitter which
would complete my build. My son and |
flew to London and we got going that
evening.”

“Once | had the equipment, | set the sys-
tem up in two nights, the instructions
available on the web are very clear and |
found it easier tha]n] expected.”

Caregiver of aboy aged 12
years, from Germany; aged
11 years at diagnosis; us-
ing AndroidAPS for 2
weeks

Caregiver of agirl aged 10
years, from Finland; aged
4 years at diagnosis; using
OpenAPS for 2 months

Caregiver of aboy aged 11
years, from the United
States, aged 8 yearsat diag-
nosis; using OpenAPS for
1year

Caregiver of aboy aged 20
years, from Greece; aged
1 year at diagnosis; using
OpenAPS for 17 months

Caregiver of agirl aged 10
years, from Finland; aged
7 years at diagnosis, using
OpenAPS for 9 months

Caregiver of aboy aged 12
years, from the United

Kingdom; aged 8 years at
diagnosis; using OpenAPS

Caregiver of agirl aged 10
years, from Finland aged
6 years at diagnosis, using
OpenAPS for 3 months
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Topic Occurrences? n

Illustrative quote Respondent profile

Health care professionals (D4): this code 8
refers to the support provided by health care
professionals, such as pediatricians, endocri-
nologists, and other members of the diabetes
teams, including help with setup, access to
components, and fine-tuning of settings.

“Endocrinologist was supportive even
though legally couldn’t recommend it.”

Caregiver of agirl aged 12
years, from Australia; aged
11 years at diagnosis; us-
ing Loop for 1 month

3Defined by the number of codes assigned to a text segment.
BAID: automated insulin delivery.

°HbA;¢: hemoglobin A .

dcGM: continuous glucose monitor.

®T1D: type 1 diabetes.

Topic 1: Emotional and Quality of Life I mpact

For respondents, experiences with theinitiation 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 after implementing the system.
Caregivers in the sample expressed concerns when opting to
choose an open-source AID, but it aso highlights the
deep-rooted frustration and dissatisfaction with commercially
available solutions for diabetes management. Therefore,
choosing to opt for an 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, quality of life improvements and
reductions in the burden of diabetes management were
frequently mentioned. With the automation of insulin delivery,
families could reboot everyday life without diabetes
management being constantly the center of attention,
empowering children and caregiversto experience more freedom
and flexibility:

Now we plan for things in our lives. We have been
thinking of getting a pet, [and have] started to
remodel our house. [We] made sure both kids have
passports because now it feels like we actually can
travel and show them the world. [Caregiver of boy
aged 8 years, from Sweden; aged 1 year at diagnosis;
using OpenAPS and AndroidAPS for 1.5 years)
The option to remotely follow and control glycemic levels,
treatments, and insulin delivery via Nightscout reassured
caregivers was specifically mentioned as a reason to choose
open-source AID. Caregivers experienced fewer worries about
their children experiencing hypoglycemiaat night or away from
home, which led to greater independence, empowerment, and
age-appropriate participation of childrenintheir own treatment.

The complexity of the implementation process of open-source
AID raised concernsamong some of the respondents, who were
initially worried about not being able to manage the technical
setup on their own. Uncertainties regarding the safety of new
and unfamiliar therapies have also been mentioned. Furthermore,
they were unsure whether the new treatment would be accepted
by their children’s health care team aswell astheir wider social
environment. In addition, some expressed the need for regul atory
approval and improved accessto AID for everyone:

https://www.jmir.org/2022/7/€37120

| wonder how it can be that such a development is
not already established? Why does it take so long?
Do the old systems have to be remunerated? The
loopers show how it works, how can it be that with
so much added value, the professional institutions
are still so lethargic? [Caregiver of a boy, from
Germany, aged 1 year at diagnosis; using Loop for 3
months]

Overall, caregiversdescribed the transition to open-source AID
as a predominantly positive experience for the entire family.
They were highly satisfied with the outcomes and benefits for
their children’s emotional and physical health and perceived
open-source AID as the best therapy option available:

If I could give my pancreas to my son, | would. This
isthe next best available option. [Caregiver of a boy
aged 12 years, from the United Kingdom; aged 3 years
at diagnosis; using Loop for 1 month]

Topic 2: Physical Health | mpact

Improvements in glycemia, such as improvements in HbA .

and TIR levels, aswell asless hypoglycemiaand fewer glucose
fluctuations, have been extensively described:

Every single morning she'sin range. If at night she's
not we know that by the morning shewill be, and she
[will get] there safely. [Caregiver of a girl aged 18
years, from the United Kingdom; aged 11 years at
diagnosis; using AndroidAPS for 8 months)

In addition to diabetes-related health improvements, better sleep
quality was frequently highlighted by the respondents. Before
using an open-source AID, many caregivers were not able to
sleep through the night as they were concerned with nighttime
hypoglycemia or the administration of correction doses of
insulin, poor sleep, and reduced quality of life. With an
open-source AID, they were released from frequent check-ups
and the associated emotional pressure:

We were waking at 11 pm, 2 am, 5 am, etc to
manually [blood glucose] check our daughter. We
haven't donethat in years. | was having seizuresfrom
almost 5 years of not sleeping more than a couple
[of] hours at [a] time. Now, we all sleep all night.
[Caregiver of a girl aged 8 years, from the United
States; aged 4 years at diagnosis; using Loop]
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Even in cases with little improvement in glycemic outcomes,
where HbA;. and TIR levels were in or close to the
recommended targets before the initiation of open-source AID,
caregivers noted that the amount of effort required to achieve
these results was significantly diminished. As this point
highlights, the data repeatedly pointed to the ways in which
physical outcomes are inextricably intertwined with emotional
outcomes when considering diabetes management.

Topic 3: Challenges

Difficulties in accessing compatible hardware have frequently
been reported. This was mainly associated with differencesin
the availability of insulin pumps and sensors and reimbursement
policiesamong countries and al so with out-of-pocket expenses.
Some participants raised concerns regarding access to
components and financial aspects of maintaining their
open-source AID system in the future:

We were concerned about the cost of sensors. They

are not covered by private health here and it cost

approximately U D] 5000 a year when we started.

Now, kids are covered, but when they turn 21 that

ends. We are still worried about covering that bill in

the future. [Caregiver of a boy aged 13 years, from

Australia; aged 6 years at diagnosis; using Loop for

2.5 years]
Understanding the documentation and initial setup process is
time consuming and challenging, especially for caregiverswith
little pre-existing knowledge in technology. Ultimately, the
complex setup procedure led to a better understanding of the
functionalities of open-source AID, enabling caregiversto better
respond to technical issues when they occurred. Being part of
the #WeAreNotWaiting community, caregivers felt gratitude
for the available peer support and resources to help with the
technical and practical aspects.

Once the setup was successfully managed, the next perceived
challenge was the iterative determination of the appropriate
settings and therapy parametersto generate satisfactory results.
This“fine-tuning” was described as requiring considerabletime
and endurance. The need to carry around additional devices (eg,
a microcontroller or bridge device to remotely communicate
between the phone and insulin pump) poses further practical
challengesfor children in daily life.

The attitudes of HCPs involved in diabetes care of children
were described as mixed, ranging from proactive support to
refusal:

After detailed research, the reserved position of our
center could not stop us either. In the past year, |
have repeatedly had the impression of knowing more
about the disease and the possible forms of therapy
than the doctors at our center. [Caregivers of a girl
aged 10 years, from Germany; aged 6 years at
diagnosis; using Loop for 1 year]
Despitethesereported clinical and quality of lifeimprovements,
some expressed uncertainty arising from alack of support from
health care providers. Consequently, a family decided not to
disclose the use of open-source AID to their health care team,

https://www.jmir.org/2022/7/€37120
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which caused feelings of isolation, disappointment, and
misunderstanding:

Although we didn't talk openly about looping, [our
diabetologist] has repeatedly emphasized that we
only want the DANA RS pump for looping. [ ...] VW ...]
now hide theloop, which cannot be a permanent state.
We need medical carein which we can communicate
openly. [Caregiver of a boy aged 12 years, from
Germany; aged 11 years of age at diagnosis; using
AndroidAPS for 2 weeks]

Topic 4: Sources of Support

Participants frequently approached the #W\eAreNot\Waiting
community for their support. Social media groups play a key
role, where many users share their experiences, respond to
questions, discuss related topics, and provide peer support.
These were a so sources of reassurance in cases of concerns or
uncertainties. The extent and quality of peer support available
was often a key factor in their decision-making, establishing a
sense of trust in the systems, even in the absence of health care
provider support or regulatory approval:

S0 in that same Facebook group | started to learn
about DIY artificial pa[n]creases and | joined
ancther, international group called Looped to learn
more. | then asked around and | was told that
OpenAPSwasthe most advanced of the 3 optionsand
decided to go for that. [Caregiver of a girl aged 10
years, from Finland; aged 7 years at diagnosis; using
OpenAPS for 9 months]
Besides the peer support caregivers found on the web, they
attended in-person meetings and local meet-ups with members
of the community. L ectures, workshops, and public presentations
of open-source AID developers, researchers, and other users
and parents enhanced their motivation to start their own journey
toward open-source AID. Key individuals who wereintegral in
the development of open-source AID are personally named on
anumber of occasions. The perceived integrity and altruism of
theseindividualswere also key in creating a sense of confidence
and trust in the systems:

| found Tim Street's Diabettech website and started

following himon Twitter [ ...] . Hewas coming to speak

at amedical conferencein Edinburgh and was going

to a [type 1] meet up. | gate-crashed the meet in the

pub and had to wait until the end[...] | asked himto

show me his pancreas! [...] My son and | flew to

London and we got going that evening. [ Caregiver of

aboy aged 12 years, from the United Kingdom; aged

8 years at diagnosis; using OpenAPS]
Although HCPs could not prescribe open-source AID systems
owing to the absence of regulatory approvals, some were very
supportive of the children’s and caregivers' decision to use
open-source AID. Support by HCPs has mostly been reported
regarding access to compatible components, such as specific
insulin pumps and CGM typesthat are prescriptible. In asmall
number of cases, individual caregiversreported that their health
care provider initiated a discussion about open-source AID and
directed them to relevant sources of information. Conversely,
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alack of support from HCPs was also articulated in a number
of accounts, although this usualy took the form of “turning a
blind eye” and passivity, and very few reported being actively
opposed by their health care provider. Where such cases did
occur, it usually took the form of preventing caregivers from
acquiring the hardware needed to set up an open-source AID
system.

Discussion

Principal Findings

In this qudlitative analysis, we described the emotional and
physical health impact of open-source AID use in children or
adolescents and their caregivers, as well as their perceived
challenges and sources of support.

Overdll, caregivers reported a range of emotions before and
after the initiation of open-source AID use. Before initiation,
for example, participants reported frustration and dissatisfaction
with their existing diabetes management solutions and
anticipation and excitement—sometimes marked with anxiety
and trepidation—at the prospect of using an open-source AID.
Likewise, the experience of using open-source AlD evoked both
great joy and relief, but this was also tinged, for some, with
frustration and worry. Improvements in children’s diabetes
management, glycemic outcomes, physical health beyond
diabetes, and emotional well-being were highlighted in the
narratives. Furthermore, sleep quality and quality of life
improved for both children and caregivers. Theinitia challenges
were difficulties in accessing the required components, lack of
confidence in technical skills for setup and maintenance,
concerns about the response from health care teams, and the
wider social environment of the family. Later, finding and
“fine-tuning” of the right therapy settings, as well as the
impracticality of carrying additional devices for the children,
were described. The#\WeAreNot\Waiting web-based community
wasfrequently approached asthe primary source of information
aswell as emotional and practical support.

This study can inform stakehol ders regarding the unmet needs
of children and adolescentswith T1D regarding the therapeutic
options available to them. Furthermore, our findings highlight
how children might benefit from customizable open-source AID
systemswhere commercial optionsare not accessible, approved
for certain age groups, or limited in their functionality to cover
the lower and variable insulin requirements of children.

Comparison With Prior Work

The ethical and legal aspects of the off-label use of unregulated
medical devices in children and adolescents are multifaceted
and complex. Although the off-label use of pharmaceuticalsis
both common practice and a necessity in pediatrics, it is still
uncommon in medical devices. HCPswere sometimes perceived
to bereticent in their support of the decision to use open-source
AID. This reticence is understandable given that many HCPs,
as indicated by the caregivers in this study, had very little
knowledge of the systems and uncertainty regarding what legal
ramifications there might be in providing support for a system
not approved by regulatory bodies. Following a number of
position papers from several local diabetes organizations, a
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group of international HCPs recently provided an international
consensus statement for practical guidance on the safe and
ethical use of open-source in clinical settings [18]. The
consensus encourages colleagues to learn about all treatment
options that could help people with diabetes, including
open-source AID, and to support individual decisions to use
open-source AID for treatment, aslong as benefitsand risksare
understood. In addition, children's welfare must always be
considered by caregivers and HCPs, with their assent and
engagement [18].

Although there are numerous studies about the clinical outcomes
of the use of open-source and commercially available AID
systemsin adults and children [13-15,22-24], there is yet very
limited knowledge about the lived experiences and psychol ogical
antecedents or consequencesleading to the use of and with AID.
To the best of our knowledge, this is the most extensive study
on lived experiences in children and adolescents using
open-source AlD, and their caregivers and families, conducted
at a multinational level. Our findings are in line with other
studies that indicated a reduced burden of diabetes in users of
commercia and open-source AID [8,25-31]. Caregivers sleep
and mental and physical health in the context of their children’s
diabetes remains an underresearched area. A reduced burden
on caregivers of young children was previoudly identified as
the main outcome of the use of acommercial AID system [8].
The DIWHY survey was conducted between 2018 and 2019.
At thetime, only one commercially developed AlD system was
approved and made available in the United States. We did not
explicitly ask for this information, although with only 4
participants from the United States, it can be assumed that most
of the participants did not have access to commercial AID.
Furthermore, open-source AID systems have continuously
improved over time with respect to usability and device
interoperability. For example, the need to carry around
additional hardware may no longer be applied in the recent
versions of AndroidAPS, FreeAPS, and Loop. We suggest
further research in this field to provide a better understanding
of the full psychosocial and economic impact of any kind of
AID, as well as the challenges in the access and use of these
systems.

Strengthsand Limitations

This study has several strengths and limitations. Of particular
strengthisits patient and public involvement in the study design
process and its multinational scope. Limitations include that
the anonymous study design did not allow participantsto follow
up for clarification or further questions, to strictly follow the
General Data Protection Regulation guidelines. A selection bias
may be present with the survey only being availablein German
and English, which may have excluded users not proficient in
theselanguagesin thefirst place. Furthermore, those within the
sample might not have responded in detail, or not at all, to the
open-ended questions owing to language barriers among other
factors. In addition, asignificant proportion of the OPEN team
was German, with strong links to the German diabetes
community; therefore, the teams' ability to reach people was
particularly high in that country. Finally, the chalenges in
building and setting up an open-source AID had to be overcome
by caregivers with perseverance and self-motivation in the first
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place, potentially resulting in a selected population that limits
broad generalizationsto all people with diabetes.

Conclusions

With frequent changes in insulin requirements, glycemic
variability due to counterregulatory hormones, and physical
activity, children are ideal candidates for AID. Although the
uptake of insulin pumps and CGM is high among children in
countrieswhere accessto diabetes technology isfacilitated, the
uptake of AID in children is protracted owing to the license
status of commercialy available AID systems. However, their
efficacy in young children and those with low insulin
requirements remains limited. Furthermore, glycemic outcome
improvements in the off-label use of commercial AID systems
by very young children are suboptimal, although they experience
similar glycemic improvements as older children, adolescents,
and adults with commercial systems approved for their age [7]
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