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Few studies have been conducted among Asian children and adolescents with type 1 diabetes mellitus (T1DM) using do-it-your-
self artificial pancreas system (DIY-APS). We evaluated real-world data of pediatric T1DM patients using DIY-APS. Data were 
obtained for 10 patients using a DIY-APS with algorithms. We collected sensor glucose and insulin delivery data from each par-
ticipant for a period of 4 weeks. Average glycosylated hemoglobin was 6.2%±0.3%. The mean percentage of time that glucose lev-
el remained in the target range of 70 to 180 mg/dL was 82.4%±7.8%. Other parameters including time above range, time below 
range and mean glucose were also within the recommended level, similar to previous commercial and DIY-APS studies. Howev-
er, despite meeting the target range, unadjusted gaps were still observed between the median basal setting and temporary basal 
insulin, which should be handled by healthcare providers.
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INTRODUCTION

With the demand for strict glycemic control and advances in 
diabetes technology, the use of automated insulin delivery sys-
tems known as artificial pancreas system (APS) has emerged. 
Previous studies showed that APS improves glycosylated he-
moglobin (HbA1c) level and the percentage of time blood glu-
cose level is within 70 to 180 mg/dL (time in range [TIR]) while 
preventing hypoglycemia in patients with type 1 diabetes mel-
litus (T1DM) [1-3]. However, most APS have not been approved 
by the U.S. Food and Drug Administration, except for the Min-
iMed 670G (Medtronic Inc., Dublin, Ireland) and Control-IQ 
(Tandem Diabetes Care, San Diego, CA, USA) systems, which 

are not available in Korea. Therefore, do-it-yourself APS (DIY-
APS) has been used by patients who desire to construct loop 
systems using open-source algorithms [4]. Few DIY-APS stud-
ies have been conducted in Asia. In addition, few studies have 
provided detailed graphs showing glucose and insulin profiles 
for individuals, with the exception of a Czech pilot study [5]. 
In this observational study, we investigated real-world DIY-
APS data of children and adolescents with T1DM in Korea.

METHODS

Participant recruitment 
We posted a recruitment notice on the website of the Korean 
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Fig. 1. Graphs of insulin delivery and blood glucose levels for representative cases. GMI, glucose management indicator; CV, co-
efficient of variation; TDD, total daily dose of insulin. 
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Society of Type 1 Diabetes (http://www.ksT1DM.org/). We re-
cruited subjects with T1DM who had been using DIY-APS for 
more than 1 month. The subjects voluntarily participated in 
the study and provided written informed consent. The study 
protocol was approved by the Institutional Review Board (IRB) 
of Samsung Medical Center (IRB-No 2018-08-142) and was 
performed according to the guidelines of the Declaration of 
Helsinki.

Data acquisition
Patient blood glucose and insulin data were collected through 
a continuous glucose monitoring (CGM) and an insulin infu-
sion device. Data were stored in the cloud or to a mobile phone, 
the same as before the study participation. The cloud was modi-
fied to transmit uploaded basal insulin data to our research 
server in real time. The cloud was rolled back to its pre-experi-
mental version at the end of data acquisition. Demographic in-

Table 1. Clinical characteristics and summary results of 4 weeks of DIY-APS usage

Variable Overall Daytime  
(6:00 AM to 12:00 AM)

Nighttime  
(12:00 AM to 6:00 AM) P value

No. of participants 10 - - -

Age, yr 10.1±3.2 - - -

Male/Female 7 (70.0)/3 (30.0) - - -

Weight, kg 33.0±11.9 - - -

BMI, kg/m2 17.2±2.4 - - -

Duration of diabetes, yr 3.1 (1.8 to 6.5) - - -

HbA1c, % 6.2±0.3 - - -

Duration of DIY-APS usage, yr 1.9±1.1 - - -

Average glucose level, mg/dL 135.8±11.92 137.78±12.48 130.01±13.74 0.017

% CV of glucose 31.57±4.43 31.43±4.7 28.46 (27.05 to 33.75) 0.799

TAR >250 mg/dL, % 1.01 (0.65 to 2.39) 1.18 (0.73 to 2.61) 0.79 (0.08 to 2.49) 0.333

TAR >180 mg/dL, % 14.77±7.85 14.34 (11.96 to 16.55) 12.16±7.08 0.093

TIR 70–180 mg/dL, % 82.8±8.12 82.31±9.06 84.14± 6.78 0.799

TBR <70 mg/dL, % 2.42±1.39 2.0±1.27 3.7±3.33 0.074

TBR <54 mg/dL, % 0.65±0.5 0.45 (0.13 to 1.01) 0.49 (0.19 to 1.66) 0.445

Hypoglycemic events

   <70 mg/dL, n/day 0.76±0.41 0.53±0.32 0.24±0.15 0.011

   <54 mg/dL, n/day 0.21±0.16 0.11 (0.08 to 0.28) 0.04 (0.01 to 0.09) 0.035

   Prolonged, n/day 0 (0 to 0.03) 0 0 1.000

GMI, % 6.56±0.29 6.61±0.3 6.42±0.33 0.017

TDD, unit/kg/day 0.79±0.16 0.66 (0.62 to 0.73) 0.09±0.02 0.005

   Basal, % 42.25±7.57 37.07±7.88 86.16±8.91 0.005

   Bolus, % 57.75±7.57 62.93±7.88 13.84±8.91 0.005

Median temporary basal

   Per hour, % –21.42 (–23.25 to –17.92) –23.44±8.98 –10.65±25.32 0.386

   Per day, % –10.94±11.1

Frequency of basal changes, n/hr 2.05 (1.97 to 2.13) 2.26 (2.19 to 2.37) 1.58 (1.52 to 1.72) 0.005

Bolus, n/day 11.8±3.12 11.1±3.08 0.5 (0.43 to 0.88) 0.005

Values are presented as mean±standard deviation, number (%), or median (interquartile range). 
DIY, do-it-yourself; APS, artificial pancreas system; BMI, body mass index; HbA1c, glycosylated hemoglobin; CV, coefficient of variation; TAR, 
time above range; TIR, time in range; TBR, time below range; GMI, glucose management indicator; TDD, total daily insulin dose. 
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formation including age, sex, height, body weight, the level of 
HbA1c, duration of diabetes and APS use were obtained.

Data analysis
The CGM parameters in both the daytime (6:00 AM to 12:00 
AM) and nighttime (12:00 AM to 6:00 AM) were assessed, in-
cluding TIR, the percentage of time blood glucose level was 
above 180 mg/dL (time above range [TAR]) and below 70 mg/
dL (time below range [TBR]), percent coefficient of variation 
(%CV) and glucose management indicator (GMI). The num-
ber of hypoglycemic events, basal and bolus insulin doses, bas-
al changes, and bolus injections were assessed. We described 
average blood glucose values in the form of ambulatory glu-
cose profile reports and insulin delivery graphs of each indi-
vidual. Statistical analyses were performed using SPSS version 
25.0 (IBM Corp., Armonk, NY, USA).

RESULTS

Among 28 screened subjects who had been using DIY-APS, a 
total of 11 patients were included in the study (Supplementary 
Fig. 1). However, since case no. 11 used an open loop as sensor-
augmented pump rather than a closed loop with a DIY-APS 
algorithm (Fig. 1), we omitted case no. 11 from analysis. 

The clinical characteristics and results of 10 DIY-APS users 
are described (Table 1). All patients were less than 19 years of 
age, with an average age of 10.1±3.2 years. The average HbA1c 
level was 6.2%±0.3%. The median duration of diabetes was 3.1 
years and the median duration of DIY-APS usage was 1.9 years. 
Among all patients, mean TIR was 82.4%±7.8% over the total 
time. Nighttime TIR (84.14%±6.78%) was higher than day-
time TIR (82.31%±9.0%). TBR of <70 mg/dL (2.42%) and 
<54 mg/dL (0.65%) were less than the recommended clinical 
targets [6]. During daytime, the average glucose level, frequen-
cy of basal rate change, bolus insulin injection and hypoglyce-
mic events were significantly higher than in the nighttime.

Graphs of insulin delivery and blood glucose levels of each 
individual are shown (Fig. 1, Supplementary Fig. 2). The red 
line in the graph represents the basal setting for each patient. 
Case no. 7 achieved the lowest CV (26.4%) and highest TIR 
(91.01) among the participants. Case no. 8 showed skewed pat-
terns of median temporary basal values and high CV. Unadjust-
ed gaps were seen between the median basal setting and tempo-
rary basal setting, despite the appropriate mean glucose or GMI.

Results for TIR, TAR, TBR and mean glucose satisfied the 

recommended level [6] set in previous studies using commer-
cial APS such as the MiniMed 670G or Control-IQ system [2,7].

DISCUSSION

To the best of our knowledge, this is the first study reporting 
CGM data along with a graph of delivered insulin dose for each 
individual with T1DM. We observed that overall CGM vari-
ables were within the recommended target ranges throughout 
the daytime and nighttime [6,8]. Furthermore, we found that 
some patients used DIY-APS without correcting the basal in-
sulin preset, even though the preset was outside the 10 to 90 
percentile of the temporary basal range. Unadjusted settings 
existed even when TIR, GMI and CV were appropriate. This 
finding reinforces the role of healthcare providers in helping 
patients adjust their DIY-APS settings [9]. 

Higher TIR and less frequent hypoglycemic events were ob-
served in the nighttime than in daytime, while the temporary 
basal setting was often a negative value. These findings suggest 
that the basal insulin settings were too strict, especially during 
the daytime, probably with the intention of strict glucose con-
trol.

We compared the data with those of previous studies of pe-
diatric patients using APS. Braune et al. [10] reported that DIY-
APS improved HbA1c levels and TIR in patients with well-con-
trolled glycemic status before use of DIY-APS. Breton et al. [7] 
showed that pediatric T1DM patients using the Tandem Con-
trol-IQ system achieved better glycemic control than sensor-
augmented insulin pump users. In line with previous studies, 
our study reconfirmed that appropriate glycemic control could 
be achieved in pediatric DIY-APS users without increasing hy-
poglycemia. However, since the participants were highly moti-
vated, promising TIR after using DIY-APS could be associated 
with a well-controlled TIR before using DIY-APS [11]. There-
fore, head-to-head studies comparing APS algorithms are need-
ed. A recent multinational randomized controlled trial report-
ed an investigational advanced hybrid closed-loop system re-
duced hyperglycemia without increasing hypoglycemia in ado-
lescents and young adults with T1DM compared with MiniMed 
670G [12].

Many patients have experienced improved quality of life af-
ter using DIY-APS [4,13]. Reduction of HbA1c, increased TIR 
and less hypoglycemia gave them confidence in managing their 
diabetes and led to increased feelings of safety while sleeping 
or engaging in physical activities.
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This study has several limitations. First, selection bias existed 
due to the study design. It was impossible to confirm whether 
the use of DIY-APS improved glycemic control compared to 
before DIY-APS initiation. Socioeconomic status might also 
have effects on accessibility to DIY-APS. Second, due to the 
small sample size, it is difficult to apply the outcomes to other 
children/adult patients with T1DM using DIY-APS. Large-scale 
randomized studies are needed, including more children/adult 
patients with T1DM using DIY-APS [14]. Last, the latest APS 
features such as Autosens, advanced meal assist, super micro
bolus (SMB), and meal announcements were not available to 
most of participants. Some caregivers avoided using SMB due 
to safety concerns and performed manual bolus injections in-
stead of using a bolus calculator. For frequent manual bolus 
users, the recently released Control-IQ algorithm, which has 
an automated correction bolus, might be helpful to reduce man-
ual bolus injections.

In conclusion, it was possible to achieve appropriate glyce-
mic control in pediatric T1DM patients in real-world use of 
DIY-APS. Healthcare providers should monitor the DIY-APS 
settings of each patient even when CGM parameters are within 
target glucose ranges. 
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Supplementary Fig. 1. Patient disposition. APS, artificial pancreas system.
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Supplementary Fig. 2. Graphs of insulin delivery and blood glucose levels for residual cases. GMI, glucose management indica-
tor; CV, coefficient of variation; TDD, total daily dose of insulin. 
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