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ABSTRACT

Introduction: This study investigates the use of
do-it-yourself artificial pancreas systems
(DIYAPS) in the UK, and whether self-reported
outcomes associated with them are affected by
the demographics of the user.
Methods: An online survey was conducted to
assess user demographic data and self-reported
time-in-range (TIR) outcomes. Statistical analy-
sis was undertaken to review the results and
check whether there were major differences in
change in TIR across age, gender and duration
of diabetes.
Results: Of 253 valid responses to the survey
across a wide age range of users, 74.4% related
to adult users and 25.6% related to under-16s.
The majority (65.6%) used AndroidAPS, but
there was greater use of Loop (43.1%) amongst
under-16s than amongst adults (25.9%). Corre-
spondingly, more under-16s (40.0%) than
adults (24.3%) used Omnipod Eros. A 17.3%
(± 13.7%) increase in time in range was repor-
ted across all participants, with no significant
differences observed between age groups, gen-
ders or diabetes duration groups (p[ 0.05).

Conclusions: The results show that these sys-
tems are being used by both genders, and that
users cover a wide range of ages and diabetes
durations. They also show that improvements
in self-reported DIYAPS healthcare outcomes
may not be specific to any particular age, gender
or duration of diabetes, and the results may
provide additional insights into the applicabil-
ity of the algorithms by demographic. This
study may also inform healthcare professionals
about the use and effectiveness of DIYAPS
solutions.
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Key Summary Points

Why carry out the study?

The study was undertaken to provide
insight into the users of DIYAPS in the UK
and to determine whether there are
specific demographics using them.

The study also attempted to determine
whether demographics affected time-in-
range (TIR) outcomes when using DIYAPS.

What was learned from the study?

Users of DIYAPS in the UK who responded
to the survey had a range of ages and
durations of diabetes and were of both
genders.

There were clear peaks in use amongst 10-
to 15-year-olds and 36- to 40-year-olds,
with gender playing no part in the average
age or duration of diabetes of the
participants.

The DIYAPS used were mostly split
between AndroidAPS and Loop systems.

There was no statistically significant
difference in self-reported increase in TIR
between the participants when split by
age, gender or duration of diabetes.

DIGITAL FEATURES

This article is published with digital features,
including a summary slide, to facilitate under-
standing of the article. To view digital features
for this article go to https://doi.org/10.6084/
m9.figshare.14510268.

INTRODUCTION

While improvements in treatments and tech-
nology available to people with diabetes con-
tinue to be made, a minority of people achieve
clinically recommended targets for HbA1c [1].

Whilst a range of solutions that aim to remove
the burden of living with diabetes are now
commercially available, they are not universally
accessible or affordable to all.

Prior to and alongside this, a community of
people with diabetes have built their own
algorithms that are designed to work with
commercially available pumps and continuous
glucose monitoring devices to provide access to
similar technology [2]. This is known as the
#WeAreNotWaiting community. Source code
for the available systems is available to down-
load for free, but users are required to build the
systems themselves and must take personal
responsibility for building and maintaining the
system and running it at their own risk.

Self-reported outcomes have been published
[3–7] that provide a range of data on effective-
ness. The common themes reported are:

• Improved time in range (TIR)
• Improved sleep quality
• Reduced glucose variability
• A reduction in time spent thinking about

diabetes.

While DIYAPS users are perceived to be a
‘‘self-selected group of technical, motivated and
highly engaged individuals’’ [8], a PubMed
search revealed little data relating to the
demographics of users and whether the out-
comes differ by demographic. The Association
of British Clinical Diabetologists (ABCD)
recently launched a DIYAPS audit [9] to capture
some of these data, but it is far from complete.

This study assesses self-reported TIR out-
comes amongst that population and identifies
whether there is a particular demographic that
has obtained a greater increase. It also assesses
the demographics of users in the UK and tests
the hypothesis that there may be greater repre-
sentation from a particular age group, gender or
diabetes duration group.

METHOD

An online survey containing 15 questions (see
the Supplementary Information: Survey Ques-
tions) was published on http://www.diabettech.
com for approximately 3 weeks from June 25th

1840 Diabetes Ther (2021) 12:1839–1848

https://doi.org/10.6084/m9.figshare.14510268
https://doi.org/10.6084/m9.figshare.14510268
http://www.diabettech.com
http://www.diabettech.com


to July 14th. The survey was distributed using
Twitter, the Facebook groups ‘‘Looped UK’’
([2000 members as of July 1st 2020) and ‘‘An-
droidAPS Users’’ ([ 4000 members as of July 1st
2020), and Instagram.

The survey questions covered three main
areas:

• User demographics, including age, gender
and duration of living with diabetes

• Types of technology used and duration of
use

• TIR outcomes observed both before and after
the DIYAPS was used.

The survey was an enhanced version of pre-
vious surveys undertaken on Diabettech.com
[10, 11], to include TIR data.

Following the closure of the survey, the data
were reviewed and cleansed to remove duplicate
data and any data completed by persons from
outside the UK. This was done by removing data
for which the participant’s location was listed as
outside the UK. An additional check in which
10% of the captured IP addresses were sampled
to determine whether they came from UK or
non-UK sources was also undertaken.

Exploratory analysis of the results set was
undertaken. Where it was not possible to
interpret the data provided, the responses were
removed from the dataset. Any responses that
did not include data associated with the area of
analysis (e.g. age, system type or TIR) were
excluded from that analysis.

The data were then split according to the
demographics that were being assessed:

• Age
• Gender
• Duration of living with diabetes.

Where the data was related to time, it was
grouped into periods of 10 years to ensure
meaningful sample sizes.

The arithmetic mean, SD, Mann–Whitney
U test, two-tailed heteroscedastic t test, and
analysis of variance (ANOVA) [12] were used to
perform the statistical analysis, which was
undertaken using GraphPad Prism for Win-
dows. An alpha level of 0.05 was used for all
analyses. This questionnaire was categorised as
‘‘Not Research’’, so an Ethics Committee

approval was deemed not to be required. Survey
participation was entirely voluntary, therefore
completion was deemed to be consent to
participate.

RESULTS

Overall, 296 participants responded to the sur-
vey, of whom 253 were validated as being from
the UK by checking IP addresses and removing
duplicated entries. Of the total, 43.1% were
female, with a median age of 35 years (range
1–70 years). Themedian duration of diabeteswas
19.5 (SD 14.1) years (range 0–61 years). Various
types of DIYAPS (AndroidAPS 65.6%, Loop
30.4% and OpenAPS 3.2%) were being used.

Demographics of DIYAPS Use

There were 31.1% more male than female
respondents to the survey, and the distribution
by age was bimodal, with peaks at ages 40–45
and 10–15 years. 25.6% of users were under 16.
The age and gender distribution of the partici-
pants is shown in Fig. 1.

The Mann–Whitney U test was used to
determine whether gender influenced partici-
pant age or duration of diabetes. The means and
standard deviations can be found in Table 1.

There was no significant difference in age
(Mann–Whitney U = 7109, n1 = 109, n2 = 141,
p = 0.3104 two-tailed) or duration of diabetes
(Mann–Whitney U = 7096, n1 = 109, n2 = 142,
p = 0.2592 two-tailed) between the genders.
The median age was 35.0 years for females and
37.0 years for males. The median duration of
diabetes was 18 years for females and 21 years
for males.

The average age of Loop users (28.5 years)
was substantially lower than those of Androi-
dAPS (35.8 years) and OpenAPS (33 years) users
as shown in Table 2.

Adult Loop users were more likely to use
Omnipod Eros pumps (72.9%) than older Med-
tronic pumps (27.1%), while adult AndroidAPS
users were distributed more evenly across pump
types, with the DanaRS pump (34.6%) being the
most popular. A greater proportion of adult
male users (80.0%) of Loop used Omnipod Eros
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than female users (65.2%). Loop was more
popular amongst adult female users (29.5%)
than with adult male users (23.4%), although
AndroidAPS was the most popular system in
both cases (male = 71.0%; female = 69.2%).
These details can be found in Table 3.

Amongst the under-16s, there were more
AndroidAPS users (53.8%) than Loop users
(43.1%); however, compared to the adult pop-
ulation (25.9%), this age group made greater use
of Loop. Most of the under-16 AndroidAPS users
were using the Roche Accuchek Combo pump
(48.6%), in contrast to the under-16 Loop users,
most of whom used the Omnipod Eros (92.3%).
Amongst the under-16s, the most popular
pump choice was the Omnipod Eros (40.0%).
These details can be found in Table 4.

Outcomes from DIYAPS Use

47.4% of the survey participants provided TIR
data for the 3 months prior to the first use of the

DIYAPS, as well as the TIR for the previous
3 months whilst using the system. The average
duration of use of the DIYAPS by these users was
10.3 months. All participants saw a mean
increase in TIR of 17.3 (SD 13.7) percentage
points.

Welch’s t test was used to examine whether
gender influenced change in TIR. See Table 5 for
means and standard deviations.

Women (M = 16.4, SD = 13.4) presented a
lower increase in TIR than men (M = 18.1,
SD = 14.0); however, Welch’s t test deemed that
the difference between the TIR increases of men
and women was not statistically significant:
t(119) = 0.67, p = 0.5013.

A two-way analysis of variance (ANOVA)
between age groups was used to examine the
effect of age on change in TIR. There were 7 age
groups: 0–10, 11–20, 21–30, 31–40, 41–50,
51–60, and [60 years. The dependent variable
was the change in TIR. See Table 6 for means
and standard deviations.
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Fig. 1 Age and gender distribution of the survey participants
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The two-way Welch’s ANOVA of the 7 age
groups revealed no significant effect of age on
change in TIR at the p\ 0.05 level [F(6.0,
33.6) = 0.881, p = 0.5192].

Post hoc comparisons using Dunnett’s T3
multiple comparisons procedure showed no
significant differences in pairwise comparisons.

A two-way ANOVA between diabetes dura-
tion groups was used to examine the effect of
duration of diabetes on change in TIR. There
were 5 diabetes duration groups: 0–10, 11–20,
21–30, 31–40, and [41 years. See Table 7 for
means and standard deviations.

The two-way Welch’s ANOVA of the 5 dia-
betes duration groups revealed no significant
effect of duration of diabetes on change in TIR
at the p\0.05 level [F(4, 38.73) = 1.748,
p = 0.159]. Post hoc comparisons using Dun-
nett’s T3 multiple comparisons procedure also
showed no significant differences in pairwise
comparisons.

DISCUSSION

This survey adds to the dataset of TIR outcomes
for users of all DIYAPS across gender, age and

duration of diabetes. To the best of the author’s
knowledge, it is also the largest review of users
of these systems in the UK to see a significant
increase in self-reported TIR (17.3%) for DIYAPS
users.

User Age, Gender and Duration of Diabetes

The distribution in age can be seen to be
bimodal across male and female participants,
with the same modality reflected in both gen-
ders. The first peak corresponds to children aged
5–10 years, whilst the second corresponds to
adults aged 40–45. The first peak is likely to be
driven by parents attempting to help their
children to improve their sleep and glycaemia
[7]. The second peak is likely to correspond to
an age where improvements in long-term out-
comes and overall glycaemia become more
important to adults [7]. There was no significant
difference in mean age between male and
female users.

The mean age of the users who responded to
the survey was 33.4 years, but mean age
depended on the system used, with Loop users
having a substantially lower mean age than

Table 1 Survey participant demographics and DIYAPS use characteristics

n Mean age, years
(SD)

Mean duration of diabetes,
years (SD)

DIYAPS

AndroidAPS Loop OpenAPS Unknown

All 253 33.5 (17.8) 20.3 (14.1) 166 76 8 2

Female 109 32.2 (17.6) 19.3 (13.9) 69 38 2 0

Male 143 34.5 (17.1) 21.2 (14.4) 97 38 6 2

Rather not

say*

1 * * * * * *

*Data were obfuscated to maintain anonymity and were not included in the total for all

Table 2 Mean age of participants split by DIYAPS used

n Mean (years) Std. deviation (years) Lower 95% CI of mean Upper 95% CI of mean

AndroidAPS 166 35.8 18.2 33.0 38.6

Loop 77 28.5 16.3 24.8 32.2

OpenAPS 8 33.3 18.8 17.5 49.0
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AndroidAPS users. Compared to previous sur-
veys, a similar proportion of the population
reported using AndroidAPS (65.3%), but Loop
(30.7%) saw an increase in use compared to the
previous year [10]. More than one-quarter of all
users were under 16, and a majority of those
used AndroidAPS (53.8%) rather than Loop
(43.1%) or OpenAPS (3.1%).

The survey did not ask why a specific system
or pump was chosen. However, amongst under-
16 pump users, it is likely that the choice of
pump was heavily influenced by their care-
givers. The high prevalence of Loop users
among the under-16s compared to the general
survey population (43.1% compared to 30.4%)
and the significant use of Omnipod Eros
amongst the under-16 users (85.7%) suggest
that the selection of Omnipod drives the selec-
tion of Loop (the only DIYAPS that supported
Omnipod at the time of the survey) by provid-
ing both an ‘‘in-warranty’’ pump option and the
only tubeless pump option that is currently
available to use with a DIYAPS.

Across both male and female participants,
AndroidAPS was the most popular system
choice. Reviewing the data in Tables 3 and 4, it
can be seen that a wide range of pumps are in
use on AndroidAPS, which suggests that those
who started therapy using AndroidAPS may
have done so with a pump that they were
already using. Users who specified that they
used a DanaRS pump, which has only become
available relatively recently, may have changed
pump in order to use AndroidAPS. Reasons for
using the DanaRS are not given, but it is one of
the few pumps on the market that remains
within warranty when used with AndroidAPS,
and it is hard to discount this as a driving factor.

Amongst those participating, 30.4% had
lived with diabetes for fewer than 10 years,
adding to the suggestion that—as the OPEN
Project found—more recently diagnosed people
may be taking long-term outcomes into account
when choosing to use a DIYAPS [7]. Another
potential factor is the technical challenge that
may be presented to those who have a longer
duration of diabetes; however, the technical

Table 3 System and pump use by adult survey participant gender

DIYAPS

n AndroidAPS Loop OpenAPS Unknown

Female 78 54 23 1

DanaRS 20 20

Medtronic 640G 2 1 1

Medtronic Loopable Pump (Veo) 10 2 8

Omnipod Eros 18 3 15

Roche Accuchek Insight 11 11

Roche Accuchek Combo 17 17

Male 107 76 25 5 1

DanaR 1 1

DanaRS 25 25

Medtronic Loopable Pump (Veo) 13 3 5 5

Omnipod Eros 27 6 20 1

Roche Accuchek Insight 23 23

Roche Accuchek Combo 18 18
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ability of users to build one of these systems was
not assessed in the survey. There was no sig-
nificant difference in mean duration of diabetes
between male and female users.

Improvements in Outcomes

As a secondary dataset, the changes in TIR
provide some positive feedback. Respondents
reported an increase in mean TIR of 17.3%
(equating to an overall increase of 27.1%). This
corresponds to an estimated reduction in HbA1c

of approximately 1.0–1.6% (11–15 mmol/mol)
according to the recent consensus in TIR pub-
lication [13].

Across all users, whether stratified by age,
gender or duration of diabetes, there were no
statistically significant differences in mean
change in TIR. Although the survey was not
powered to determine it, this suggests that the
two DIYAPS algorithms in use are not sensitive
to age, gender or length of time that a user has
lived with diabetes.

Strengths and Limitations

This study is the first to investigate differences
in outcomes from using DIYAPS based on the
demographics of respondents. It adds to the
cohort of studies reporting self-reported out-
comes of people with diabetes in general. It
surveyed a large proportion of the DIYAPS users
in the UK, with 253 respondents from a total
population estimated at N = 750 in 2020, based
on the number of reported users of AndroidAPS
and the number of Rileylinks shipped to unique
addresses in the UK.

A key limitation of the study is that it is self-
reported and outcomes were not corroborated
by clinical records. This is often put forward as

Table 4 System and pump use by juvenile survey partici-
pant gender

DIYAPS

n AndroidAPS Loop OpenAPS

Female 31 15 15 1

DanaRS 2 2

Medtronic

640G

1 1

Medtronic

Loopable

Pump (Veo)

4 3 1

Omnipod Eros 14 1 12

Roche

Accuchek

Insight

5 5

Roche

Accuchek

Combo

6 6

Male 34 20 13 1

DanaRS 7 7

Medtronic

Loopable

Pump (Veo)

2 1 1

Omnipod Eros 12 12

Roche

Accuchek

Insight

2 2

Roche

Accuchek

Combo

11 11

Table 5 Self-reported mean change in TIR of participants by gender

N Mean TIR pre-DIYAPS use % Mean TIR post-DIYAPS use % Mean change in TIR %

All 119 63.9 (17.2) 81.3 (11.1) 17.3 (13.7)

Female 51 64.3 (15.9) 80.6 (9.2) 16.4 (13.4)

Male 68 63.7 (18.2) 81.7 (12.4) 18.1 (14.0)
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an argument for the presentation of inaccurate
data, but a Norwegian study found that real-
world patient-reported data are aligned with
data from patient registries reported by health
care professionals [14]. DIYAPS users constitute
a specific group who are highly motivated and
engaged and thus may be more motivated to
participate in a survey such as this. As a self-
selecting participant group, it is possible that
those with less preferential outcomes may not
have participated, generating a participant bias
in the reported outcomes. Further investigation
using controlled trials would be required to
verify that the data published here are reflective
of normal use.

The survey questions did not cover the vari-
ous customisations and variations that are pos-
sible across the systems, so the impact that
these may have had is unclear. It also did not
review the amount of manual input provided by
users to achieve outcomes. Another area that
was not investigated in the survey was time
below range (TBR), as the difference in change
in TIR between participating demographic
groups was the secondary investigatory out-
come of the study. As this is a key concern
relating to DIYAPS for healthcare professionals,
it is recommended that future studies include
TBR. The analysis also did not look at whether a
specific system works more effectively for one
specific group than another; only whether it
was no different between groups. The survey
was openly accessible on the Internet and it is
therefore possible that respondents were not
from the UK, even when they may have stated
that they were. It is also possible that responses
were faked or duplicated, although some vali-
dation of the responses based on IP address
origins and data deduplication was undertaken.
An online survey such as this may also lead to
bias in the gender of the respondents.

Additionally, this study was undertaken by a
member of the diabetes community, which
could be considered a strength of the study but
could also mean that it has the potential for
bias.

CONCLUSIONS

There is greater self-reported use of DIYAPSs
amongst survey participants aged 10–15 and
35–40 years in the UK and amongst men than
women; however, people of all ages, with all
durations of diabetes and genders have found
DIYAPS to be effective and have chosen to use
them over regular therapies. The use of DIYAPS
systems resulted in increased TIR amongst par-
ticipants in this self-reported survey.

The algorithms used by the various systems
are shown to result in statistically significant
increases in mean TIR, effective regardless of
age, gender or duration of diabetes. The
WeAreNotWaiting movement has created solu-
tions that are both effective and usable by a

Table 6 Self-reported mean change in TIR of participants
by age group

Age
(years)

N Mean
%

Std.
deviation
%

Lower
95% CI

Upper
95% CI

0–10 12 13.1 11.4 5.9 20.3

11–20 31 17.4 12.2 12.9 21.9

21–30 11 30.5 25.2 13.5 47.4

31–40 24 17.5 11.5 12.6 22.4

41–50 22 14.8 9.6 10.5 18.99

51–60 13 14.3 13.7 6.1 22.6

[60 6 16.8 8.4 8.0 25.7

Table 7 Self-reported mean change in TIR of participants
by diabetes duration group

Diabetes
duration
(years)

n Mean
%

Std.
deviation
%

Lower
95%
CI

Upper
95%
CI

0–10 46 15.99 14.69 11.63 20.35

11–20 19 21.94 18.06 13.24 30.65

21–30 25 18.6 10.41 14.3 22.9

31–40 19 13.29 6.528 10.14 16.44

[41 10 19.5 16.06 8.013 30.99
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wide range of people, demonstrating how
patients are able to drive innovation in diabetes
care.
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