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Introduction
A number of artificial pancreas systems (APSs), 
also known as closed-loop systems, have been 
developed to automate insulin delivery for 
patients affected by type 1 diabetes (T1D).1 An 
APS consists of three components: a continuous 
glucose monitoring (CGM), an infusion pump 
and a glucose control algorithm to deliver insulin 
in a glucose-responsive manner. Studies have 

indicated that compared with sensor-augmented 
pump (SAP) therapy, the use of an APS resulted 
in a decreased hemoglobin A1c (HbA1c) level, an 
increased time in range (TIR), a lower risk for 
hypoglycemia and a higher quality of life (QoL) 
among T1D patients.2–5

Despite the progress of APS development and  
its promising efficacy, only a few commercial 
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Abstract
Background: Previous studies show that the use of do-it-yourself artificial pancreas system 
(DIYAPS) may be associated with better glycemic control characterized by improved estimated 
hemoglobin A1c (eHbA1c) and time in range among adults with type 1 diabetes (T1D). 
However, few studies have demonstrated the changes in laboratory-measured HbA1c, which 
is a more accepted index for glycemic control, after using a DIYAPS.
Methods: This is a retrospective before-after study approaching patients who reported 
self-use of AndroidAPS. The main inclusion criteria included: T1D; aged ⩾18 years; having 
complete record of ⩾3 months of continuous AndroidAPS use; with laboratory-measured 
HbA1c and quality of life scale data before and after 3 months of AndroidAPS use; and not 
pregnant. The primary outcome was the change in HbA1c between baseline and 3 months 
after initiation of AndroidAPS use.
Results: Overall, 15 patients (10 females) were included; the median age was 32.2 years 
(range: 19.2–69.4), median diabetes duration was 9.7 years (range: 1.8–23.7) and median 
baseline HbA1c was 7.3% (range: 6.4–10.1). The 3 months of AndroidAPS use was associated 
with substantial reductions in HbA1c [6.79% (SD: 1.29) versus 7.63% (SD: 1.06), p = 0.002] and 
glycemic variability when compared with sensor-augmented pump therapy. A lower level of 
fear of hypoglycemia [22.13 points (SD: 6.87) versus 26.27 points (SD: 5.82), p = 0.010] was also 
observed after using AndroidAPS.
Conclusions: The 3 months of AndroidAPS use was associated with significant improvements 
in glucose management and quality of life among adults with T1D.

Keywords:   do-it-yourself artificial pancreas system, glycemic control, glycemic variability, 
quality of life, type 1 diabetes

Received: 11 April 2020; revised manuscript accepted: 23 July 2020.

Correspondence to:	  
Jianping Weng  
Department of 
Endocrinology and 
Metabolism, The Third 
Affiliated Hospital of 
Sun Yat-sen University, 
Guangdong Provincial Key 
Laboratory of Diabetology, 
Guangzhou 510630, China

Department of 
Endocrinology and 
Metabolism, The First 
Affiliated Hospital of USTC, 
Division of Life Sciences 
of Medicine, University of 
Science and Technology 
of China, 17 Lujiang Road, 
Hefei 230001, People’s 
Republic of China 
wengjp@ustc.edu.cn

Zekai Wu 
Wen Xu 
Jinhua Yan 
Daizhi Yang  
Department of 
Endocrinology and 
Metabolism, The Third 
Affiliated Hospital of 
Sun Yat-sen University, 
Guangdong Provincial Key 
Laboratory of Diabetology, 
Guangzhou, China

Sihui Luo 
Xueying Zheng  
Department of 
Endocrinology and 
Metabolism, The First 
Affiliated Hospital of 
University of Science 
and Technology of China, 
Division of Life Sciences 
of Medicine, University of 
Science and Technology of 
China, Hefei, China

Yan Bi  
Department of 
Endocrinology, Drum 
Tower Hospital Affiliated to 
Nanjing University Medical 
School, Nanjing, China

*These authors contributed 
equally to this work.

950146 TAE0010.1177/2042018820950146Therapeutic Advances in Endocrinology and MetabolismZ Wu, S Luo
research-article20202020

Original Research

https://uk.sagepub.com/en-gb/journals-permissions
https://uk.sagepub.com/en-gb/journals-permissions
https://journals.sagepub.com/home/tae
mailto:wengjp@ustc.edu.cn


Therapeutic Advances in Endocrinology and Metabolism 11

2	 journals.sagepub.com/home/tae

products have just become available in a limited 
number of countries. Behind the hashtag 
#WeAreNotWaiting, a community of T1D 
patients and their families has developed three 
APSs including OpenAPS,6 AndroidAPS7 and 
Loop,8 and has openly shared algorithms and 
instructions online before the launch of any com-
mercial products. These three systems are referred 
to as do-it-yourself APS (DIYAPS) as they can be 
self-built by patients with commercially available 
CGMs and pumps. Thousands of patients are 
using DIYAPSs and the number is still growing 
because they are more accessible, economic and 
flexible than commercial products.9 Notably, none 
of these three DIYAPSs have yet been approved by 
any regulatory bodies; their efficacy and safety thus 
warrant further studies.

Previous studies show that the use of DIYAPS 
may be associated with better glycemic control 
characterized by improved estimated HbA1c 
(eHbA1c) and TIR.10–18 eHbA1c provides a new 
and convenient way to depict average glucose by 
using CGM data,19 but it often does not align 
with laboratory-measured HbA1c, a more 
accepted index of glycemic control and a predic-
tor for long-term complications,20 in a significant 
number of individuals.21 Thus, using laboratory-
measured HbA1c in the analysis could more reli-
ably reflect the association of AndroidAPS usage 
with glycemic control. Further, DIYAPS has not 
yet been evaluated in patients with suboptimally 
controlled T1D. In addition, in previous studies 
assessing the impact of commercial APS on QoL, 
QoL studies are mostly prospective and may be 
confounded by the frequent contact between 
patients and healthcare professionals (HCPs), 
and the scales used were mainly to address the 
level of fear of hypoglycemia.4 Only two DIYAPS 
studies assessed the change in QoL, and they 
used qualitative netnography22 or unvalidated 
survey-specific questionnaires23 rather than vali-
dated QoL scales.

In the present study, we aimed to assess the 
impact of using AndroidAPS, a type of existing 
DIYAPSs prevalent due to the compatibility 
with Bluetooth-enabled insulin pumps,24 on 
glucose management among adult T1D patients 
with laboratory-measured HbA1c. The rela-
tionship between the use of AndroidAPS and 
QoL was also analyzed by applying several vali-
dated scales with minimum intervention of 
HCPs.

Methods

Study design and participants
We performed a retrospective cohort study recruit-
ing adults with T1D in the T1D China Registry 
Study (Supplementary), who self-reported that 
they had used AndroidAPS. The inclusion criteria 
were (1) T1D; (2) age ⩾18 years; (3) having a 
record of ⩾2 weeks of SAP therapy within 3 months 
prior to the use of AndroidAPS; (4) having a record 
of ⩾3 months of continuous use of AndroidAPS; 
and (5) with laboratory-measured HbA1c as well as 
QoL scale data before and after 3 months of 
AndroidAPS use. Continuous use of AndroidAPS 
was defined as being off AndroidAPS for <7 con-
secutive days. The exclusion criteria included preg-
nancy, any diseases potentially interfering with the 
study (Supplementary), and use of oral antidiabetic 
agents or regular use of acetaminophen. This study 
was reviewed and approved by the Institutional 
Review Board (IRB) of the First Affiliated Hospital 
of University of Science and Technology of China 
(IRB No. 2019 KY-137). All included participants 
provided written informed consent.

Demographic and clinical information as well as 
QoL scale data were extracted from the dataset of 
the T1D China Registry Study, and CGM data 
were donated by participants. Settings on 
AndroidAPS were collected via an online study-
specific survey (Supplementary). Transition from 
SAP therapy to AndroidAPS was defined as base-
line, and the last 2 weeks’ data of SAP therapy 
before AndroidAPS were used. The first 3 months 
of AndroidAPS use was defined as the study 
period.

Devices
AndroidAPS hybrid closed-loop system.  Androi-
dAPS was first developed by Milos Kozak.7 It uses 
the same heuristic-based algorithm as OpenAPS, 
which is designed to follow the same math that 
people with diabetes themselves use to make deci-
sions about insulin adjustments.25 AndroidAPS 
communicates with an Android-operated phone, a 
CGM and a pump via a Bluetooth bridge. The 
algorithm of AndroidAPS provides not only basal 
rate adjustment but also additional features such as 
super micro bolus (SMB) and unannounced meal 
(UAM).26 The SMB feature allows the system to 
issue an automated correction bolus to front-shift 
the peak insulin activity; additionally it sets a tem-
porary zero basal rate to prevent overdosing. The 
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UAM feature enables AndroidAPS to effectively 
detect and handle increases in glucose which are 
resulted from unannounced carbohydrate intake 
or hormonal variation.

Basically, real-time CGM data flow into 
AndroidAPS every 5 min and trigger the embed-
ded algorithm to predict a glucose trajectory in 
light of the current sensor glucose value, insulin 
on board, carbohydrates on board, duration of 
action, insulin sensitivity factor, insulin/carbohy-
drate ratio and other relevant factors. It then 
issues a temporary basal rate or an SMB to pump 
according to the deviation between the future 
estimated glucose value and predefined glycemic 
control target, with the purpose of keeping the 
glucose level within the glycemic control target.

Remote monitoring.  After initiating AndroidAPS, 
an open-source web-based platform (Night-
scout)27 could be simultaneously initiated. This 
platform provides users and their relatives with 
real-time access to important AndroidAPS data 
including current glucose value, insulin on board, 
carbohydrates on board etc. The platform can 
also automatically sound an audible alarm to 
users and their relatives. The alarm is activated in 
the event of hypoglycemia, hyperglycemia or stale 
data, and these three situations can be customized 
to the user’s preference.

Outcomes
The primary outcome was the change in HbA1c 
between baseline and 3 months after initiation  
of AndroidAPS. Secondary outcomes included 
changes in percentages of time when sensor 
glucose concentrations were in clinically relevant 
ranges (<3.0 mmol/l, <3.9 mmol/l, 3.9–10.0 mmol/l, 
3.9–7.8 mmol/l, >10.0 mmol/l, >13.9 mmol/l) 
between baseline and the study period; change in 
mean sensor glucose value between baseline and 
the study period; change in glucose variability 
(GV) as measured by standard deviation (SD), 
coefficient of variation (CV) and mean amplitude 
of glycemic excursion (MAGE) according to sen-
sor glucose values between baseline and the study 
period; and change in QoL as assessed by the 
Chinese versions of the Hypoglycemia Fear 
Survey ii-Worry Scale, Diabetes Distress Scale 
and EQ-5D-5L questionnaire [utility index (UI) 
and visual analog scale (VAS)] between baseline 
and the study period. Well-controlled T1D was 
defined as baseline HbA1c  <  7.5%, whereas 

suboptimally controlled T1D was defined as 
baseline HbA1c ⩾ 7.5%. Sensor glucose concentra-
tions <3.0 mmol/l, <3.9 mmol/l, >10.0 mmol/l, 
 > 13.9 mmol/l, 3.9–10.0 mmol/l, and 3.9–7.8 mmol/l 
were also referred to as time below range (TBR) 
3.0, TBR 3.9, time above range (TAR) 10.0, 
TAR 13.9, TIR and time in target (TIT), respec-
tively. All glycemic outcome measures derived 
from CGM data were calculated for full 24 h 
period and for nighttime period (00:00 h to 
06:00 h) and daytime period (06:00 h to 24:00 h).28 
Little or no distress on the diabetes distress scale 
was defined as a mean-item score <2.0.29 The UI 
in the EQ-5D-5L questionnaire was calculated 
based on the EQ-5D-5L value set for the United 
Kingdom,30 as no value set for China is available 
for calculation and the UK version is one of the 
most commonly used value sets.

Safety outcomes were the frequencies of (1) 
severe hypoglycemia defined as a severe event 
characterized by altered mental and/or physical 
functioning that requires assistance from another 
person for recovery;31 (2) diabetic ketoacidosis; 
(3) other serious adverse events including death, 
life-threatening events, initial or prolonged hospi-
talization, disability or permanent damage;32 and 
(4) nonsevere hypoglycemic events during the 
study phase.

Statistical analyses
CGM data were processed using Glyculator 2.0 
software,33 which is designed to calculate every 
metric of CGM data recommended by the 
International Consensus.28 Continuous variables 
in Table 1 are summarized as median (range: 
minimum–maximum). Continuous variables 
elsewhere are summarized as mean ± SD if nor-
mally distributed or median and interquartile 
range (IQR: Q1–Q3) if not normally distributed. 
Categorical variables are summarized as counts 
and percentages. Variables between baseline and 
study period were compared using paired-sam-
ples Student’s t test for continuous variables if 
normally distributed, two-related-samples tests 
for continuous variables if not normally distrib-
uted and Chi-square test for categorical varia-
bles. Variables between the well-controlled and 
suboptimally controlled groups were compared 
using Student’s t test for continuous variables if 
normally distributed, the Mann–Whitney U-test 
for continuous variables if not normally distrib-
uted and the Chi-square test for 
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categorical variables. In order to investigate 
whether glycemic metrics change over the time-
course of AndroidAPS use, the first 30 days of 
using AndroidAPS with days 31–60 and 61–90 
were compared, respectively. Comparison of 
consecutive time periods was performed using 
repeated-measures analysis of variance. 
Relationships between duration of pump use and 
glycemic metrics were assessed with Pearson cor-
relation coefficient, or Spearman correlation 
coefficient if data were not normally distributed. 
The first 3 months of AndroidAPS use for patient 
No. 5 were divided into days, and a paired-sam-
ples Student’s t test was performed to compare 
the TBR 3.9% between the first 2 months and 
the last month of AndroidAPS use. Statistical 
analyses were performed with SPSS version 25.0 
(SPSS Inc, Chicago, IL, USA). Statistical signifi-
cance was defined as two-tailed p < 0.05.

Results

Subjects and system use
From 1 May 2018 to 1 September 2019, a total of 
49 participants who self-reported AndroidAPS 
use were screened (the identification of eligibility 
is shown in Supplementary Figure S1). Among 
them, 15 patients (10 female individuals) were 
included in the analysis; the median age was 
32.2 years (range: 19.2–69.4), the median diabetes 

duration was 9.7 years (range: 1.8–23.7) and the 
median baseline HbA1c was 7.3% (range: 6.4–
10.1) (Table 1). The median body mass index 
(BMI) of these patients was 21.9 kg/m2 (range: 
15.0–26.3), the median pump-therapy duration 
was 6.7 years (range: 0.1–14.4) and the median 
daily insulin dose was 0.57 U/kg/d (range: 0.35–
1.19) (Table 1). All patients used rapid-acting 
insulin analog (eight used lispro and seven used 
aspart). Overall, eight patients were well con-
trolled, while the other seven were suboptimally 
controlled at baseline (Table 1).

During the study period, all participants used 
Dexcom G5® sensors, Dana R pumps and 
AndroidAPS (version 2.0, enabling SMB/UAM 
and remote monitoring features) to close the 
loop (Supplementary Table S1). A total of 10 
patients used 5.6 mmol/l as a prespecified glyce-
mic control target in AndroidAPS, and the other 
5 used more than one target at different time 
points. All patients used SMB/UAM, with only 
one patient (No. 5) choosing to disable the SMB 
feature approximately 2 months later considering 
an increased risk for hypoglycemia. The fre-
quency of reminders patients received from their 
relatives when Nightscout alarms were activated 
was shown in Supplementary Table S2. A total of 
9 out of 15 patients had received reminders from 
their relatives after the activation of Nightscout 
alarms.

Table 1.  Baseline characteristics of participants enrolled.

All participants Well controlled Suboptimally 
controlled

p value‡

N 15 8 7 -

Sex, female (%)† 10 (66.7) 5 (62.5) 5 (71.4) 1.000

Age (years) 32.2 (19.2–69.4) 36.4 (22.6–69.4) 21.8 (19.2–33.8) 0.011

Duration of T1D (years) 9.7 (1.8–23.7) 10.2 (1.8–23.7) 9.3 (2.6–23.3) 0.939

Baseline HbA1c (%) 7.3 (6.4–10.1) 6.8 (6.4–7.3) 8.4 (7.8–10.1) <0.001

BMI (kg/m²) 21.9 (15.0–26.3) 22.4 (17.6–26.3) 21.9 (15.0–26.0) 0.606

Duration of pump use (years) 6.7 (0.1–14.4) 5.4 (1.0–11.4) 6.9 (0.1–14.4) 0.903

Total daily insulin dosage (U/kg/day) 0.57 (0.35–1.19) 0.57 (0.47–1.19) 0.64 (0.35–0.72) 0.355

†Variable is presented as number (percentage), other variables are presented as median (min–max) ‡Well controlled versus 
suboptimally controlled.
BMI, body mass index; HbA1c, hemoglobin A1c; T1D, type 1 diabetes.
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Glucose management
Overall, the use of AndroidAPS was associated 
with reductions in both mean HbA1c [6.79% 
(SD: 1.29) versus 7.63% (SD: 1.06), p = 0.002] 
and mean sensor glucose value [7.43 mmol/l 
(SD: 0.56) versus 8.03 mmol/l (SD: 0.58), 
p < 0.001], together with a decrease in TBR 
3.9% [1.72% (SD: 0.98) versus 2.83% (SD: 
1.97), p = 0.011] (Table 2 and Figure 1). After 
switching from SAP to AndroidAPS, higher 
TIR% [84.28% (SD: 6.92) versus 75.01% (SD: 
10.13), p < 0.001] and TIT% [62.26% (SD: 
9.49) versus 48.93% (SD: 8.86), p < 0.001] were 
also observed, which were mainly attributable to 
a decrease in hyperglycemia [TAR 10.0%: 
14.00% (SD: 6.74) versus 22.16% (SD: 9.60), 
p < 0.001]. The use of AndroidAPS was also cor-
related with a decrease in median SD [2.29 mmol/l 
(IQR: 2.09–2.45) versus 2.63 mmol/l (IQR: 2.30–
3.15), p = 0.001] and MAGE (5.60 mmol/l (IQR: 
5.27–6.51) versus 6.47 mmol/l (IQR: 5.95–8.37), 
p = 0.001].

The improvements in glycemic control and fluc-
tuation were present when stratified by baseline 
HbA1c. As shown in Figure 1 and Supplementary 
Table S3, the use of AndroidAPS was associated 
with a substantial reduction in median HbA1c 
[6.90% (IQR: 6.20, 7.30) versus 8.20% (IQR: 
7.90, 8.90), p = 0.027] among suboptimally con-
trolled T1D patients. Higher TIR% and TIT% 
values were also observed during the 3 months of 
use of AndroidAPS than at baseline due to a com-
bination of decreases in hypoglycemia and hyper-
glycemia. The use of AndroidAPS was also 
related to less glycemic fluctuation, which was 
characterized by decreases in mean SD and 
MAGE among individuals with suboptimally 

controlled T1D. For participants with well-con-
trolled T1D, the use of AndroidAPS was associ-
ated with a reduction in mean HbA1c [6.42% 
(SD: 0.59) versus 6.84% (SD: 0.37), p = 0.025], 
with a nonsignificant decrease in TBR 3.9% 
(p = 0.265) (Figure 1 and Supplementary Table 
S4). Significant improvements in other secondary 
outcomes including mean sensor glucose value, 
TIR%, TIT%, hyperglycemia, SD and MAGE 
were also observed after the transition from SAP 
to AndroidAPS.

The majority of reductions in HbA1c [−1.50% 
(IQR: −1.90, −1.30) versus −0.48% (IQR: −0.67, 
−0.05), p = 0.020] were presented in patients with 
suboptimally controlled T1D compared to those 
with well-controlled T1D, while the changes in 
other glycemic metrics were comparable between 
the two groups (Supplementary Table S5).

The benefits of AndroidAPS on glucose manage-
ment were observed during both nighttime and 
daytime periods but were prominent during 
nighttime among all participants (Supplementary 
Table S6). The improvement in TIR% was 
15.95% for the nighttime versus 7.06% for the 
daytime period.

No significant improvement in glucose manage-
ment over time within the first 90 days of 
AndroidAPS usage was observed among all par-
ticipants: mean glucose value was 7.46 mmol/l 
(SD: 0.54), 7.40 mmol/l (SD: 0.58), 7.51 mmol/l 
(SD: 0.92), p = 0.230; TIR% was 84.55% (SD: 
6.66), 85.85% (SD: 7.11), 84.75% (SD: 9.15), 
p = 0.939; TBR 3.9% was 1.66% (SD: 1.12), 
1.82% (SD: 1.20), 1.60% (SD: 0.86), p = 0.663; 
SD: 2.33 mmol/l (SD: 0.39), 2.35 mmol/l (SD: 
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Figure 1.  Changes in HbA1c level among participants before and after 3 months of AndroidAPS use.
Panel A, B and C show the changes in HbA1c level before and after 3 months of AndroidAPS use among all participants, 
participants with suboptimally controlled T1D and participants with well-controlled T1D, respectively. *: p < 0.05; **: p < 0.01.
HbA1c, hemoglobin A1c; T1D, type 1 diabetes.
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0.42), 2.29 mmol/l (SD: 0.52), p = 0.246 for days 
1–30, 31–60 and 61–90, respectively.

No significant relationship between duration of pump 
use and change in any glycemic metrics was observed 
among all participants (Supplementary Table S7).

All glycemic metrics were slightly different between 
the first 2 months and the last month of AndroidAPS 
use for patient No. 5 (Supplementary Table S8). No 
difference on TBR 3.9% between the first 2 months 
and last month of AndroidAPS use was revealed 
[1.89% (SD: 1.75) versus 2.19% (SD: 3.27), p = 0.673].

Quality of life
A lower level of fear of hypoglycemia [22.13 points 
(SD: 6.87) versus 26.27 points (SD: 5.82), 
p = 0.010] was observed after three months of 
AndroidAPS use, together with seemingly lower 
diabetes distress (p = 0.143) and a higher 
EQ-5D-5L (VAS) score (p = 0.130) among all 
participants (Table 3). No change in EQ-5D-5L 
(UI) score was found before and after 3 months 
of AndroidAPS use.

Safety outcomes
No severe hypoglycemia, diabetic ketoacidosis or 
other serious adverse events occurred during the 
use of AndroidAPS among all participants. The 
TBR 3.9% and TBR 3.0% [0.16% (IQR: 0.09–
0.44) versus 0.33% (IQR: 0.17–1.31), p = 0.017] 
were both lower during the 3 months of use of 
AndroidAPS than at baseline among all partici-
pants (Table 2).

Discussion
In this 3-month retrospective study, we used lab-
oratory-measured HbA1c values and validated 
QoL scales and found that compared with SAP 
therapy, the use of AndroidAPS was associated 
with better glucose management and higher QoL 
among adults with T1D.

We observed a profound reduction in HbA1c 
(−0.85%) after 3 months of AndroidAPS use, 
which was greater than that reported (−0.5%)34 
in the pivotal study using the first commercial 
APS. One explanation is the lower glycemic con-
trol target (mostly 5.6 mmol/l) used in our study 

Table 2.  Changes in glycemic control and variability before and after 3 months of AndroidAPS use among all 
participants.

Before use of 
AndroidAPS

After use of 
AndroidAPS

Difference p value

HbA1c (%) 7.63 ± 1.06 6.79 ± 1.29 −0.85 ± 0.88 0.002

Mean glucose value (mmol/l) 8.03 ± 0.58 7.43 ± 0.56 −0.60 ± 0.52 <0.001

TIT (3.9–7.8 mmol/l) (%) 48.93 ± 8.86 62.26 ± 9.49 13.33 ± 8.99 <0.001

TIR (3.9–10.0 mmol/l) (%) 75.01 ± 10.13 84.28 ± 6.92 9.27 ± 6.71 <0.001

% CGM time <3.0 mmol/l† 0.33 (0.17, 1.31) 0.16 (0.09, 0.44) –0.18 (−0.49, 0.07) 0.017

% CGM time <3.9 mmol/l 2.83 ± 1.97 1.72 ± 0.98 −1.11 ± 1.49 0.011

% CGM time >10.0 mmol/l 22.16 ± 9.60 14.00 ± 6.74 −8.16 ± 6.66 <0.001

% CGM time >13.9 mmol/l† 3.15 (0.96, 5.55) 1.55 (0.88, 2.12) −0.75 (−1.84, −0.08) 0.020

SD (mmol/l)† 2.63 (2.30, 3.15) 2.29 (2.09, 2.45) −0.24 (−0.37, −0.03) 0.001

CV (%)† 32.63 (31.65, 37.40) 31.22 (29.51, 33.14) −1.23 (−4.24, 1.95) 0.211

MAGE (mmol/l)† 6.47 (5.95, 8.37) 5.60 (5.27, 6.51) −0.68 (−1.20, −0.37) 0.001

†Variables are presented as median (interquartile), other variables are presented as mean ± SD.
CGM, continuous glucose monitoring; CV, coefficient of variation; HbA1c, hemoglobin A1c; MAGE, mean amplitude of 
glycemic excursion; SD, standard deviation; TIR, time in range; TIT, time in target.
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than that (6.7 mmol/l35) in the abovementioned 
study. A lower target may lead to a more aggres-
sive manner of insulin administration and thus a 
lower HbA1c level. Future head-to-head com-
parison between AndroidAPS and commercial 
products is needed to further evaluate the superi-
ority. The multiplicity of other beneficial out-
comes, including improvement in TIR% (9.27%, 
which amounted to 2.2 h per day), 8.16% (2.0 h 
per day) less time in hyperglycemia and 1.11% 
(16 min per day) less time in hypoglycemia as well 
as reduced glycemic variability, is consistent with 
previous studies using either rigorously developed 
APSs36–38 or DIYAPSs.9

Many studies have suggested the efficacy of 
DIYAPSs among patients with averagely good gly-
cemic control at baseline, but these individuals 
may not be representative of the wider population 
with T1D. Our study indicated that self-use of 
AndroidAPS, a type of DIYAPS, may be associ-
ated with improvements in both glycemic control 
and fluctuation among patients with suboptimally 
controlled T1D, who are considered to be less 
engaged in diabetes care.39 This suggested that 
DIYAPSs are easy to use and can reduce the bur-
den of diabetes management, so that patients with 
less involvement could also benefit.22 Moreover, 
well-controlled participants achieved further ben-
efits in HbA1c, TIR% and GV, without compro-
mising on undue hypoglycemia. This is in line with 
previous studies evaluating DIYAPS.10–12,14–18 Our 
findings collectively underpin the robustness of 
DIYAPS as a seemingly effective approach among 
T1D patients irrespective of baseline HbA1c.

Previous prospective studies revealed an improve-
ment in QoL among T1D patients by using 

commercial APSs.4 The frequent contacts between 
participants and HCPs in these studies may con-
found the results of QoL. The relationship between 
QoL and DIYAPS usage has previously been 
untested. Here, we evaluated the association 
between AndroidAPS usage and QoL with mini-
mum intervention of HCPs and revealed similar 
results as in commercial APS studies. Moreover, 
we applied validated QoL scales, rather than quali-
tative netnography22 or unvalidated survey-specific 
questionnaires23 as in other DIYAPS studies, to 
generate more objective, reliable, reproducible and 
generalizable evidence. In addition to the 
Hypoglycemia Fear Survey, which is commonly 
used in APS studies, the Diabetes Distress Scale 
and EQ-5D-5L questionnaire were applied to 
assess the changes in diabetes-related distress as 
well as generic health status. Though statistical sig-
nificance was not reached, improvements in both 
aspects were observed; a larger sample size is 
required to confirm the findings.

AndroidAPS also represents a safe method of glu-
cose management, with no serious adverse events 
occurring during 3 months of use. It may be even 
safer than SAP therapy given the reduced per-
centage of time in hypoglycemia. The glycemic 
control target in the first commercial APS is set to 
be as high as 6.7 mmol/l and fixed35 to minimize 
hypoglycemia. In our study, all participants used 
a target below 6.7 mmol/l. The TBR 3.9%, how-
ever, was smaller in our study (1.72%) than that 
in a pivotal commercial APS study (3.30%).34 
This may attribute to AndroidAPS’s remote 
monitoring feature. Remote monitoring has sepa-
rately been studied and recommended in other 
systems to reduce risks for prolonged nocturnal 
hypoglycemia.40 This feature was used by all 

Table 3.  Changes in quality of life before and after 3 months of AndroidAPS use among all participants.

Before use of 
AndroidAPS

After use of 
AndroidAPS

Difference p value

Chinese version Hypoglycemia Fear Survey II-Worry Scale (points) 26.27 ± 5.82 22.13 ± 6.87 −4.13 ± 5.40 0.010

Diabetes Distress Scale, little or no distress (%)† 6 (40.0) 9 (66.7) / 0.143

EQ-5D-5L, UI (points)‡ 0.88 (0.77, 1.00) 0.88 (0.84, 1.00) 0 (0, 0.07) 0.441

EQ-5D-5L, VAS (points)‡ 77.0 (70.0, 90.0) 82.0 (72.0, 90.0) 5.00 (0, 10.0) 0.130

†Variables are presented as median (interquartile) and ‡variable is presented as number (percentage), other variables are presented as mean ± SD.
EQ-5D-5L, EuroQol Five-Dimension 5-Level Health Questionnaire; UI, utility index; VAS, visual analog scale.
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patients in our study and most patients self-
reported that they had received reminders from 
their relatives due to the audible alarms on 
Nightscout platform, which may enable them to 
promptly deal with hypoglycemia. Despite its 
benefits, the privacy and security of patient data 
on remote monitoring platform should be 
addressed.41 Furthermore, an unfixed glycemic 
target is also an advantage of AndroidAPS. It ena-
bles AndroidAPS to be adapted to a wider range 
of patients, including pregnant women compli-
cated by pre-existing diabetes who require a lower 
glycemic goal and older adults with diabetes 
whose glycemic control is less strict.31

In terms of HbA1c reduction, it appeared that 
participants with suboptimally controlled T1D in 
our study benefited more from AndroidAPS use 
than their counterparts (p = 0.020). Apart from a 
higher baseline HbA1c level,42 a younger age in 
our study may also explain this observation. 
Studies have shown that younger people are more 
familiar with digital devices and technologies and 
have less difficulty adopting new technologies 
than their older counterparts.43 In our study, sub-
optimally controlled patients were younger (21.8 
versus 36.4 years, p = 0.011) and were also more 
likely to have a higher proportion of time in 
closed-loop mode due to fewer device pitfalls. A 
6-month real-life study suggested that more time 
spent in closed-loop mode may be associated with 
lower HbA1c among T1D patients.44 The num-
ber of device pitfalls and percentage of time in 
closed-loop mode were not available due to the 
retrospective design in our study, and further 
analysis is yet to be performed.

The benefits of APS were greater overnight in 
many studies including ours, indicating that 
carbohydrate intake and physical activity dur-
ing daytime remain challenges for current APS 
systems.45 AndroidAPS is progressing towards 
a full closed-loop system by introducing 
advanced features such as SMB and UAM, and 
some patients were reportedly to achieve ideal 
outcomes without meal announcements.9 This 
may not be achieved in our study population, 
however, as the high-carbohydrate diet pattern 
in Asia46 could be a huge challenge; and 
patients in our study used rapid-acting insulin 
rather than ultra-rapid-acting insulin,47 which 
is still not available in many countries. The 
application of ultra-rapid-acting insulin in 

AndroidAPS, in combination with the integra-
tion of devices such as a heart rate monitor to 
detect exercise,48 may help realize fully closed-
loop insulin delivery in patients with lower car-
bohydrate intake.

Here, we did not observe a significant difference 
in TBR 3.9% for patient No. 5 between the first 2 
months and the last month, while the patient self-
reported that he disabled SMB due to fear of 
hypoglycemia. The possible explanations may be: 
(1) the TBR 3.9% during SAP period for this 
patient was lower (SAP period versus the first 2 
months: 1.00% versus 1.90%); (2) the mean glu-
cose value decreased after switching to 
AndroidAPS (SAP period versus the first 2 
months: 7.79 mmol/l versus 7.02 mmol/l). A lower 
mean glucose value may increase the level of fear 
of hypoglycemia in some certain patients.

The strength of this study is that we used labora-
tory-measured HbA1c rather than eHbA1c and 
evaluated a DIYAPS among patients with subop-
timally controlled T1D. Further, we used vali-
dated scales to assess QoL with minimum 
involvement of HCPs. Several limitations need 
to be addressed. First, it is not feasible to distin-
guish between the effect of AndroidAPS use and 
other factors due to the single-arm, nonrand-
omized study design; a planned randomized con-
trolled trial will further investigate the efficacy of 
AndroidAPS.49 Second, the sample size is small 
and selection bias exists. All participants self-
selected to use AndroidAPS. The use of 
AndroidAPS requires DIY integration of a CGM, 
a pump and a smartphone; continuous use of a 
CGM and a pump is costly. Therefore, patients 
with higher motivation and better economic sta-
tus were more likely to be involved in this study.

Conclusion
In conclusion, we demonstrated that the 3 months 
of use of AndroidAPS was associated with signifi-
cant improvements in glycemic control, GV and 
QoL among adults with T1D, irrespective of 
baseline HbA1c. Our results also suggested that 
AndroidAPS might be comparable with commer-
cial APS products.
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