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Background

The combination of continuous glucose monitoring (CGM) 
with insulin pumps has resulted in improved glycemic con-
trol in people with type 1 diabetes.1 The addition of safety 
features, including low glucose suspend and predictive low 
glucose suspend have facilitated improved glycemic control 
with lower rates of hypoglycemia.2,3 Recent years have seen 
the emergence of closed-loop technologies, known as 
Artificial Pancreas Systems (APS). These delivery systems 
consist of a control algorithm that receives and processes 
real-time continuous sensor glucose data and automatically 
adjusts insulin delivery via an insulin pump.

The #WeAreNotWaiting movement has emerged with the 
intent of increasing the availability and affordability of 
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Abstract
Objective: There is increasing use of open-source artificial pancreas systems (APS) in the management of Type 1 diabetes. 
Our aim was to assess the safety and efficacy of the automated insulin delivery system AndroidAPS (AAPS), compared with 
stand-alone pump therapy in people with type 1 diabetes. The primary outcome was the difference in the percentage of time 
in range (TIR, 70-180 mg/dL). Secondary aims included mean sensor glucose value and percent continuous glucose monitor 
(CGM) time below range (TBR, <70 mg/dL).

Research Design and Methods: This open-label single-center randomized crossover study (ANZCTR, Australian New 
Zealand clinical trial registry, ANZCTR-ACTRN12620001191987) comprised 20 participants with type 1 diabetes on 
established pump therapy, assigned to either stand-alone insulin pump therapy or the open-source AAPS hybrid closed-loop 
system for four weeks, with crossover to the alternate arm for the following four weeks. The CGM outcome parameters 
were measured by seven-day CGM at baseline and the final week of each four-week study arm.

Results: Twenty participants were recruited (60% women), aged 45.8 ± 15.9 years, with mean diabetes duration of 23.9 
± 13.2 years, baseline glycated hemoglobin (HbA1c) 7.5% ± 0.5% (58 ± 6 mmol/mol) and mean TIR 62.3% ± 12.9%. The 
change in TIR from baseline for AAPS compared with stand-alone pump therapy was 18.6% (11.4-25.9), (P < .001), TIR 76.6% 
± 11.7%, 58.0% ± 15.6%, for AAPS and stand-alone pump, respectively. Time glucose <54 mg/dL was not increased (mean 
= −2.0%, P = .191). No serious adverse events or episodes of severe hypoglycemia were recorded.

Conclusions: This clinical trial of the open-source AAPS hybrid closed-loop system performed in an at-home setting 
demonstrated comparable safety to stand-alone pump therapy. The glycemic outcomes of AAPS were superior with improved 
TIR, and there was no significant difference in TBR compared with stand-alone pump therapy.

Keywords
artificial pancreas systems, continuous glucose monitoring, insulin pump therapy, time in range

https://us.sagepub.com/en-us/journals-permissions
https://journals.sagepub.com/home/dst
mailto:neale.cohen@baker.edu.au


890 Journal of Diabetes Science and Technology 18(4)

advanced closed-loop technology, with the development  
of open-source “do-it-yourself” (DIY) APS—such as 
“OpenAPS” or “AndroidAPS” (AAPS). This movement has 
enabled many people with type 1 diabetes to build their own 
automated insulin delivery systems using existing technol-
ogy. The AAPS is one of these systems consisting of an 
application on a device that works as a hybrid closed-loop 
system using a model predictive control (MPC) algorithm. 
The algorithm adjusts basal insulin delivery rate based on 
current glucose levels, insulin on board, carbohydrate con-
sumption, and prediction of future glucose changes based on 
modelled insulin-glucose dynamics.4

The number of people with type 1 diabetes utilizing these 
uncertified products is increasing, with more than 2720 users 
worldwide as of July 2022.5 There is currently limited glyce-
mic control, safety, and quality of life data available using 
the AAPS system. A retrospective analysis of 20 Open APS 
users reported significant improvements in glucose levels, 
time in range (TIR), and HbA1c.6 Similarly, a UK-based 
observational study concluded that Open APS resulted in 
reduced HbA1c and increased TIR compared with stand-
alone pump therapy.7 However, there is a need to directly 
compare the safety and efficacy of this system with standard 
therapy, with prospective randomized controlled studies.8-10

The use of OpenAPS is limited by a number of factors, 
including lack of regulatory approval and safety and efficacy 
data from prospective randomized clinical trials. We, there-
fore, aimed to assess the safety and efficacy of the hybrid 
closed-loop open-source AAPS system compared with stand-
alone insulin pump therapy in patients with established type 
1 diabetes. A YpsoPump OPN was used with AAPS source 
code 2.5, with the incorporation of a pump driver, which was 
developed to interface with the YpsoPump OPN.

Research Design and Methods

Study Design and Population

This was an open-label single-center randomized crossover 
trial with participants recruited between November 2020 and 
October 2021 from people attending the diabetes service at 
the Baker Heart and Diabetes Institute. Inclusion criteria were 
a diagnosis of type 1 diabetes >6 months duration, use of 
insulin pump therapy for >6 months duration, and HbA1c 
<10.0%. Exclusion criteria were pregnancy, current use of 
real-time CGM within the previous 3 months, hospitalization 
for severe hypoglycemia or ketoacidosis in the past 6 months, 
chronic kidney disease (estimated glomerular filtration rate 
[eGFR] <45 mL/min/1.73 m2), planned international travel 
during the study period, and use of oral hypoglycemic 
agents or non-insulin injectable agents within past 4 
weeks. All successfully screened participants received 
CGM and pump education, and pump settings were opti-
mized at baseline. All participants provided written 
informed consent, and ethics approval was obtained from 

Bellberry Human Research Ethics Committee (HREC; 
2019-07-645) and the research governance officer of 
Baker Heart and Diabetes Institute. The clinical trial was 
registered with the Australian New Zealand clinical trial 
registry (ANZCTR-ACTRN12620001191987).

Participants were randomized (1:1 allocation through a ran-
dom number generator by the research team), without restric-
tions, to either AAPS or stand-alone pump therapy for the first 
four weeks, followed by four weeks of the alternate treatment 
arm, separated by a one-week washout period in between to 
prevent any carryover effects. Participants were monitored in 
an inpatient research ward for 24 hours after initiation of 
AAPS and discharged after safety assessments and review by 
a clinical research team member. Patients were reviewed by an 
endocrinologist, diabetes educator, and research coordinator at 
weeks one, two, and four of each study arm. Blinded CGM 
(iPro2) was inserted at baseline and at week four of each study 
arm to measure glycemic outcomes. All participants in the 
AAPS arm were commenced on Dexcom G5 (San Diego, CA, 
USA) and followed with the Dexcom Follow application and 
a Nightscout account for the four weeks of AAPS. In the event 
of prolonged hyperglycemia, hypoglycemia, or loss of signal 
(>4 hours), participants were contacted to ensure safety. All 
the participants and caregivers had access to a 24-hour tele-
phone helpline for the research team.

AAPS System

AAPS comprises three components:

1. Dexcom G5 CGM: The CGM data were transferred 
in real-time through Bluetooth to Dexcom G5 mobile 
App.

2. Upgraded YpsoPump (Ypsomed, Burgdorf, 
Switzerland): An upgraded version of YpsoPump 
with bidirectional communication capability was 
specifically developed for this study to enable com-
munication with the AAPS interface.

3. The AAPS App: an application on the study phone 
(Samsung Galaxy) with the controller algorithm.

A standard YpsoPump, without modification, was used for 
the stand-alone pump therapy arm of the trial. During this 
trial phase, participants performed capillary blood glucose 
testing and did not use CGM. The YpsoPump OPN pump 
was used for the AAPS arm. This pump had the same hard-
ware as the regular YpsoPump, with enhancements made to 
the Bluetooth interface to allow hands-free control from the 
host device. Bluetooth protocol documentation was supplied 
by Ypsomed, and a driver was then created. In the lead-up to 
the trial, a copy of the APS 2.5 source code was frozen, and 
a pump driver was developed to interface with the YpsoPump 
OPN pump. The driver was subjected to in-silico testing 
before progressing to further functional testing. During this 
testing, the YpsoPump OPN pump was run in parallel with a 
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copy of the existing AAPS software, using an Accu-Chek 
Spirit Combo pump for one week. Dosing records were com-
pared in detail to verify that the YpsoPump OPN pump would 
deliver insulin as expected. Users were issued with locked-
down handsets, with both the operating system and AAPS 
app configurations locked down to prevent any alterations. 
The AAPS app data (including CGM and insulin pump data) 
were uploaded to the Nightscout cloud server in real-time. 
Clinicians could log in using an encrypted connection to 
Nightscout to monitor CGM and insulin delivery data. All 
configuration changes were made by clinicians remotely or 
during study visits. In case of any AAPS or Dexcom CGM 
failures, the YpsoPump OPN pumps were programmed to 
automatically return to a safe basal delivery mode that deliv-
ered insulin according to preset basal delivery rates.

Basal insulin delivery rates were adjusted every five min-
utes based on varying glucose levels. Pump output was 
altered by temporary basal rate adjustment using the 
OpenAPS reference design 1 (oref1) algorithm.11 A target 
blood glucose of 110 mg/dL was set for all participants. The 
default maximum basal rate was set at 8 units/h or five times 
the profile basal rate (whichever was smaller), and 

the maximum allowed bolus was 15 units. For meal boluses, 
participants entered the meal’s carbohydrate content into the 
AAPS app, and the integrated bolus calculator activated a 
command to YpsoPump to deliver the dose.

Stand-alone pump therapy involved using YpsoPump 
with regular blood glucose monitoring and standard insulin 
pump management. The YpsoPump was connected to the 
mylife app (Figure 1). The mylife app imported the therapy 
data from the YpsoPump through Bluetooth. Participants 
entered finger-prick capillary glucose levels and carbohy-
drate counting data into the app and the integrated bolus cal-
culator enabled them to calculate mealtime or correctional 
bolus insulin doses.

Explanatory Variables

Prespecified demographic (sex, gender, and date of birth) 
and clinical variables (past medical history, current medica-
tions, date of diabetes diagnosis, diabetes complications, 
HbA1c, history of severe hypoglycemia, diabetic ketoacido-
sis, and other diabetes-related hospitalizations and insulin 
pump information) were obtained at the first study visit.

Figure 1. CONSORT flow diagram.
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Outcomes

The primary study outcome was the percentage of CGM 
time in target range (glucose 70-180 mg/dL) with AAPS 
versus stand-alone pump therapy at the final week of the 
 4-week-study arms. Prespecified secondary outcomes were 
mean sensor glucose value with AAPS compared with stand-
alone pump therapy, percentage of CGM time in hypogly-
cemia range (glucose <70 mg/dL), percentage of CGM 
time in clinically significant hypoglycemia range (glucose 
<54 mg/dL), percentage of CGM time in hyperglycemia 
range (glucose >180 mg/dL), percentage of CGM time in 
significant hyperglycemic range (glucose >270 mg/dL), 
number of symptomatic episodes of hypoglycemia (symp-
toms consistent with hypoglycemia confirmed by a finger-
prick glucose level of less than 54 mg/dL), number of severe 
hypoglycemic episodes (any low glucose level requiring the 
assistance of another person to actively administer carbohy-
drate, glucagon, or take other corrective action), number of 
hospitalizations for diabetic ketoacidosis, the total daily 
dose of insulin, and patient-reported outcomes, including 
treatment satisfaction, diabetes distress, fear of hypoglyce-
mia, and hypoglycemia awareness. These were assessed 
using the validated tools of the Diabetes Self-Management 
Questionnaire (DSMQ),12 Problem Areas in Diabetes 
(PAID),13 Hypoglycemia Fear Survey (HFS)-II short form,14 
and Gold score for hypoglycemia awareness.15

Sample Size and Power

Based on previously published data,16 the use of a day- 
and-night hybrid closed-loop insulin delivery system for four 
weeks was anticipated to improve the time in target range 
(70-180 mg/dL) by a mean of 10.5% (95% CI [7.6%-13.4%]) 
compared with standard pump therapy. Assuming an improve-
ment in time in target range of 12% and a conventional devia-
tion of 18%, 17 participants were required to provide 80% 
power at a 5% alpha level. Therefore, 20 participants were 
recruited, allowing for a dropout rate of 15%.

Statistical Methods

Categorical variables were summarized as percentages and 
continuous variables were reported as means with standard 
deviations or as medians with interquartile ranges (IQR) and 
tested for normality to determine appropriate statistical anal-
ysis (parametric or nonparametric). All outcomes, except for 
the number of symptomatic hypoglycemia episodes, were 
analyzed using a linear mixed model with random individual 
intercept. The number of symptomatic hypoglycemia epi-
sodes were analyzed using Poisson generalized linear mixed 
model. For the following outcomes, namely, the proportion 
of TIR, time in severe hypoglycemia, time in hypoglycemia, 
and time in hyperglycemia range variables, the outcome 
variables were log-transformed prior to statistical analysis. 

For all outcomes, the treatment effects were adjusted for the 
baseline variable (eg, baseline TIR when analyzing TIR), 
gender, age at diagnosis, and period effect. Type I error (α) 
was set at 5%, and P values <.05 indicated statistical signifi-
cance. All analyses were performed using Project R Version 
4.1.1.

Results

Participants

Twenty adults with type 1 diabetes, aged 45.8 ± 15.9 years, 
60% women, participated in this study. The mean duration of 
type 1 diabetes was 23.9 ± 13.2 years and baseline HbA1c 
was 7.5% ± 0.6% (58 ± 7.1 mmol/mol). The mean body 
mass index (BMI) was 27.7 ± 4.9 kg/m2. At baseline, mean 
TIR (70-180 mg/dL) was 61.0% ± 12.7%, with percentage 
of time below range (glucose <70 mg/dL) 4.8% ± 4.9% and 
percentage of time above range (glucose >180 mg/dL) 
34.1% ± 14.1%.

Primary and Secondary Outcomes

Time in range during the AAPS period was 76.6% ± 11.7%, 
compared with 58.0% ± 15.6% during the stand-alone pump 
therapy period, a mean difference of 18.6 (11.4-25.9)%, P < 
.001. Time below range (glucose <70 mg/dL) during the 
AAPS arm was 2.1% ± 1.7%, compared with 4.2% ± 3.8% 
during the stand-alone pump therapy arm, with a difference 
of –2.0 (–3.8 to –0.3)%, P = .191. Time above range (glu-
cose >180 mg/dL) during the AAPS arm was 21.3% ± 
11.5%, compared with 37.9% ± 14.3% during the stand-
alone pump arm, a difference of –16.6 (–23.4 to –9.8)%, P < 
.001. The glycemia risk index (GRI) during the AAPS arm 
was 30% ± 18%, compared with 45% ± 17% during the 
stand-alone pump therapy arm, a difference of –15 (–34 to 
–4)%, P = .06 (Table 1).

Mean HbA1c was 7.1% ± 0.6% (54.6 ± 6.2 mmol/mol) 
after 4 weeks of AAPS compared with 7.5% ± 0.5% (58.5 ± 
6.2 mmol/mol) after 4 weeks of stand-alone pump therapy, a 
mean adjusted difference of –0.4 (–0.7 to –0.0)%, –3.9 (–8.2 
to –0.4) mmol/mol, P < .001. Mean glucose was 149.4 ± 
19.8 mg/dL with AAPS, compared with 167.4 ± 23.4 mg/dL 
with stand-alone pump therapy, a mean adjusted difference 
of –19.8(–32.4 to –5.6) mg/dL P = .011. The total daily insu-
lin dose did not vary between the AAPS and stand-alone 
pump therapy arms, 40.5 ± 24.6 units and 41.7 ± 24.1 units, 
respectively, P = .276. Time in significant hypoglycemia 
(glucose <54. mg/dL) was not increased during AAPS 0.3% 
± 0.4% compared with stand-alone pump therapy 1.0% ± 
1.9%, P = .663. Time in significant hyperglycemia (glucose 
>270 mg/dL) was less during AAPS 2.4% ± 0.4% than with 
stand-alone pump therapy 9.3% ± 1.9%, P = .012.

The number of symptomatic hypoglycemic events was 
more in the AAPS period compared with the stand-alone 
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pump therapy, 3.8 ± 2.2 versus 1.4 ± 1.8 episodes/wk, 
respectively, P < .001. During the AAPS arm, 95% (IQR = 
5.2) of time was spent in closed-loop mode. Figure 2 shows 
the 24-hour glucose profiles during AAPS and stand-alone 
pump therapy periods.

There were no significant differences in psychological 
parameters between AAPS and stand-alone pump therapy 
arms. The mean PAID score was 13.5 ± 14.7 during the 
AAPS period compared with 14.6 ± 12.0 in the stand-alone 
pump therapy period, P = .739. The mean HFS II short form 
score was 16.3 ± 14.9 in the AAPS period compared with 
14.3 ± 13.8 in the stand-alone pump therapy period, P = 
.739. The mean Diabetes Treatment Satisfaction 
Questionnaire (DTSQ) score was 5.5 ± 0.6 in the AAPS 
period compared with 5.7 ± 0.6 in the stand-alone pump 
therapy period, P = .168. According to the Gold score for 
hypoglycemia awareness, 17 patients had normal hypoglyce-
mia awareness, three patients had undetermined hypoglyce-
mia awareness, and no patients had impaired awareness of 
hypoglycemia. This did not change from baseline during the 
AAPS and stand-alone pump therapy periods.

Adverse Events

No serious adverse events or episodes of severe hypoglyce-
mia were recorded during the study period. There were no 
episodes of diabetic ketoacidosis. Three medical adverse 
events were investigated and found to be unrelated to the 
intervention. These were as follows: Helicobacter pylori was 
detected during routine endoscopy before the start of the 
study, an episode of gastroenteritis, and hyperglycemia after 
the insulin pump was inadvertently not restarted following a 
cannula change. Three technical adverse events occurred 

Table 1. Primary and Secondary Outcomes During Treatment Periods.

AAPS period (N = 20)
Stand-alone pump therapy 

period (N = 20)
Mean diff  

(AAPS-YpsoPump) P valuea

Primary outcomes
 % time glucose 70-180 mg/dL 76.6 (11.7) 58.0 (15.6) 18.6 (11.4 to 25.9) <.001
 % time glucose <70 mg/dL 2.1 (1.7) 4.2 (3.8) −2.0(−3.8 to −0.3) .191
 % time glucose >180 mg/dL 21.3 (11.5) 37.9 (14.3) −16.6 (−23.4 to −9.8) <.001
Secondary outcomes
 HbA1c (%) 7.1 (0.6) 7.5 (0.6) −0.4 (−0.7 to 0) <.001
 HbA1c (mmol/mol) 54.6 (6.2) 58.5 (6.2) −3.9 (−8.2 to 0.4) <.001
 Mean glucose (mg/dL) 149.4 (19.8) 167.4 (23.9) −19.8 (−32.4 to −5.6) .011
 Insulin daily dose (units) 40.5 (24.6) 41.7 (24.1) −1.2 (−3.2 to 0.8) .276
 Number of symptomatic 

hypoglycemia events
3.8 (2.2) 1.4 (1.8) 2.4 (1.3-3.5) <.001

 Time in glucose < 54 mg/dL (%) 0.3 (0.4) 1.0 (1.9) −0.7 (−1.6 to 0.1) .663
 Time in glucose > 270 mg/dL (%) 2.4 (0.4) 9.3 (1.9) −6.9 (−11 to −2.8) .012
 Glycemia risk index 30 (18) 45 (17) −15 (−34 to 4) .06
 Problem areas in diabetes score 13.5 (14.7) 14.6 (12) −1.1 (−9.8 to 7.7) .739
 Hypoglycemia Fear Survey-II 16.3 (14.9) 14.3 (13.8) 2.0 (−7.6 to 11.6) .268
 Diabetes treatment satisfaction 

questionnaire combined
5.5 (0.6) 5.7 (0.6) −0.2 (−0.6 to 0.2) .168

Each outcome is reported using mean (SD).
Abbreviations: AAPS, AndroidAPS; APS, artificial pancreas systems.
aFor testing treatment effects (AAPS-stand-alone pump) adjusted for patient-specific baseline, gender, age at Type 1 diabetes diagnosis, and potential 
ordering effect. Endpoints were calculated with the use of data from blinded CGM from week 4 of the treatment period.

Figure 2. Median sensor glucose levels during AAPS and stand-
alone pump therapy. The teal and red shaded areas indicate 
interquartile ranges. 
Abbreviations: AAPS, AndroidAPS; APS, artificial pancreas systems.
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during the AAPS period due to connectivity issues. Four 
technical adverse events occurred: connection lost after the 
study phone ran out of battery, pump not restarted after can-
nula change, Nightscout not receiving data after sensor loos-
ened without participant realizing, and ratio change not 
updated. These did not result in any clinically significant 
events.

Discussion

This randomized crossover study of 20 adults with type 1 
diabetes comparing an AAPS system with stand-alone insu-
lin pump therapy demonstrates the efficacy and safety of 
AAPS. Time in range was improved by 18.6% from baseline 
for AAPS compared with stand-alone insulin pump therapy; 
this equates to an additional 4 hours, 27 minutes of TIR per 
day. Time below range and GRI were not increased, and a 
significant reduction in time above range was observed. 
There were no severe adverse events and no changes in 
patient-reported outcomes. This is one of the first clinical tri-
als designed to assess this system in a controlled randomized 
prospective study, consistent with the findings of other stud-
ies looking at this automated insulin delivery system. The 
achieved parameters with AAPS during this study were 
within the recommendations of the American Diabetes 
Association (ADA),17 TIR >70%, TBR <4%, and time 
below 54 mg/dL <1%.

The improvement in TIR observed here is comparable to 
previously reported literature using DIY APSs18-22 and 
greater than the initial studies of some commercial systems.23 
The CREATE (Community deRivEd AutomaTEd insulin 
delivery) trial was the first published study evaluating AAPS 
in children and adults with type 1 diabetes and reported an 
increase of 14% time in target with AAPS compared with 
sensor-augmented insulin pump at 24 weeks.24 The TIR 
reported in this study was consistent with that reported in the 
CREATE trial (74.5% ± 11.9%).24 A cross-sectional analysis 
of OpenAPS reported an increase in the percentage of time in 
target range from 58% to 81%.25 Our results are also consis-
tent with analyses of TIR for commercially available hybrid 
closed-loop systems, using the Medtronic MiniMed 780G 
hybrid closed-loop system (76.2% ± 9.1%)26 and Tandem 
t:slim X2 with Control-IQ (73.5 [IQR 64.4-81.6]%).

The relatively short duration of the study may have pre-
cluded observation of the full extent of the HbA1c lowering 
effect of AAPS. Nonetheless, an HbA1c improvement of this 
magnitude is clinically significant and would be expected to 
result in fewer complications. We would expect to see an 
even bigger change in HbA1c if this study were conducted 
over a longer period. Despite this, the decrease in HbA1c 
observed with AAPS compared with stand-alone pump ther-
apy here was comparable to the findings of other studies con-
ducted in both adults,22,27 older children, and adolescents18,28 
with type 1 diabetes. The CREATE study reported a similar 

degree of HbA1c lowering (0.45%, 5.9 mmol/mol) to our 
study, despite being conducted over a more extended period 
of 24 weeks. A systematic review29 reported an improvement 
in HbA1c by up to 0.85% with the use of DIY APS systems 
although no prospective studies were included in this review.

Similar to our findings, other studies also report low inci-
dences of adverse events such as ketoacidosis and severe 
hypoglycemia, supporting the favorable safety profile of 
DIY hybrid closed-loop therapy.22,24,28 The rate of technical 
problems was very low, as evidenced by the high percentage 
of time in closed-loop mode during the AAPS arm of the 
study. However, the relatively short duration of the study 
may have limited observation of rarer adverse events, such 
as ketoacidosis.

Some studies have reported improvements in diabetes-
related quality of life and reduced fear of hypoglycemia10,27,30 
but others reported increased challenges with using DIY APS 
systems.31 However, unlike our study, validated tools or 
questionnaires were not used to measure outcomes. We did 
not identify any differences in patient-reported outcomes 
between AAPS and stand-alone pump therapy. However, this 
may be due to the relatively short duration of this study.

Strengths of this prospective trial include the randomized 
crossover design, in an at-home setting, with consistently 
high use of the hybrid closed-loop AAPS system, validated 
quality of life scales, and extensive safety and efficacy mon-
itoring procedures. This trial had several limitations. The 
conventional therapy arm of the study did not use real-time 
CGM, therefore it is possible that some of the improvements 
in time, in range achieved in the AAPS arm, may partially 
be attributable to the use of real-time CGM. Despite rela-
tively broad eligibility criteria, the trial population may not 
represent the general population of type 1 diabetes patients. 
This single-center study recruited patients attending outpa-
tient services at a specialist diabetes service. The study con-
tained a relatively small number of participants who were 
well educated and highly motivated. As this trial comprised 
participants with relatively tight glycemic control at enrol-
ment, it is not clear how well these findings would translate 
to other populations with diverse ethnic and sociodemo-
graphic characteristics or with poorer glycemic control. 
However, evidence suggests that AAPS is of benefit irre-
spective of baseline glycemic control.27 This study did not 
use advanced oref1 algorithm features, such as super micro 
boluses, which may have provided even greater glycemic 
benefits. Dexcom G5 sensors were used in this trial, which 
required calibration and had shorter wear time than the 
Dexcom G6 sensors. This may have limited the percentage 
of time in closed loop, and further studies using G6 sensors 
in association with AAPS are of potential importance. The 
CGM data were obtained over a period of one week, since 
the protocol for this study was designed, an international 
consensus statement has been published, recommending the 
use of 14 days of CGM data.32
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Conclusions

This randomized crossover trial demonstrated that automated 
insulin delivery with the use of an open-source AAPS hybrid 
closed-loop system led to significant improvements in time, 
in range and reduced time above range with no increase in 
TBR, severe hypoglycemia, adverse events, or quality of life 
compared with stand-alone pump therapy. Therefore, we 
conclude that open source AAPS presents an acceptable 
safety and efficacy profile.

Abbreviations
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Diabetes Association; ANZCTR, Australian New Zealand clinical 
trial registry; BMI, body mass index; CGM, continuous glucose 
monitor; DIY APS, do it yourself artificial pancreas system; 
DSMQ, diabetes self-management questionnaire; DTSQ, diabetes 
treatment satisfaction questionnaire; eGFR, estimated glomerular 
filtration rate; GRI, glycemia risk index; HbA1c, glycated hemo-
globin; HFS, Hypoglycemia Fear Survey; HREC, Human Research 
Ethics Committee; IQR, interquartile range; MPC, model predic-
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