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Study Consortium 
 

The following investigators contributed to the work: 
UMC - University Children’s Hospital, Ljubljana, Slovenia: Klemen Dovc, Claudia Piona, Gül 
Yeşiltepe Mutlu, Natasa Bratina, Barbara Jenko Bizjan, Dusanka Lepej, Ana Gianini, Teja Sever, Urska 
Sever, Barbara Murn Berkopec, Jasmina Horvat, Tadej Battelino 
 

The Jesse Z. and Sara Lea Shafer Institute for Endocrinology and Diabetes, National Centre for 
Childhood Diabetes, Schneider Children’s Medical Centre of Israel, Petah Tikva, Israel; Revital Nimri, 
Moshe Phillip 
 

DreaMed Diabetes Ltd, Petah Tikva, Israel: Eran Atlas, Ido Muller, Anat Cohen, Tomer Segall 
 

Diabetes Centre for Children and Adolescents, Kinder- und Jugendkrankenhaus Auf der Bult, Hannover, 
Germany: Torben Biester, Olga Kordonouri, Thomas Danne. 
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Closed-loop system 
 
The DreaMed “GlucoSitter” was developed by the Diabetes Technology Center, The Jesse Z. and Sara 
Lea Shafer Institute for Endocrinology and Diabetes, National Center for Childhood Diabetes Schneider 
Children's Medical Center of Israel (DTC). The device is mainly a software operated on a commercial 
laptop/tablet computer which has a physical connection to a communication dongle (provided by the 
manufacturer of the insulin pump – details below). The software version used for this study is 01.05.02. 
The software was implemented using Matlab (MathWorks Co., Natick, MA, USA) and includes the 
following features: (i) a communication module, (ii) user interface, (iii) a control algorithm, and (iv) an 
alert module. The system uses an individual subject’s treatment management, which includes the 
subject’s physical characteristics, insulin delivery regimen (insulin basal plan and insulin correction 
factor), and insulin pharmacodynamic parameters. The treatment management is extracted from 
prerecorded data, including subcutaneous continuous glucose monitoring readings, glucometer 
measurements, insulin treatment, and activity diary, that were recorded during the subject’s everyday 
regular therapy at home (i.e., home care). The system applies a combination of two control strategies: 
control to range and control to target. The control-to-range strategy is implemented in the control-to-
range module (CRM), which aims at bringing the subject’s glucose levels into the desired range. The 
CRM is a fuzzy logic controller that uses treatment rules that were phrased in collaboration with the 
medical staff. The declared goal of the rules was to keep the glucose levels stable within the 80–120 
mg/dl range. The rules use four inputs that are calculated from CGM readings: past and future glucose 
trend as well as current and future glucose levels. Each rule has two outputs: 1) change in basal rate and 
2) portion of insulin bolus (in percentage from the subject’s basal plan and the calculated bolus, 
respectively). The control-to-target module (CTM) aims to bring the subject’s glucose to a specific 
target level. To reach the final dosing recommendation, the CTM takes into consideration the 1) 
recommendation of the CRM (in percentage), 2) the predefined glucose target level, 3) insulin dosing 
regimen history, and 4) safety constraints related to the insulin pharmacodynamics. Since the system is a 
full close-loop system, the CTM uses a detector in order to identify special glucose dynamics indicative 
of a sign of events that require special treatment, such as meals. As a result, it adjusts the dosing 
accordingly. 
 
The DreaMed ‘’GlucoSitter” has a communication with the Paradigm Veo (Medtronic Co.) The 
Paradigm Veo System includes an insulin pump, a continuous glucose monitoring device (CGM) 
ENLITE, Minilink transmitter, ComLink (wireless, low-powered, radio frequency (RF) communication 
suitable for European and US frequencies) and RS232 to USB converter cable. The continuous glucose 
sensor continuously measures interstitial glucose levels and these values are sent by the Minilink via 
wireless, low-powered, radio frequency (RF) to the Paradigm Veo every 5 minutes for up to 6 days. 
Blood glucose (BG) (Contour Link – Bayer) meter is used to calibrate the readings measured by the 
CGM. The Minilink is used for multiple sensor wear periods. The Paradigm Veo displays and stores the 
glucose measurements sent by the Minilink. No modifications have been made to either the sensor or the 
insulin pump. The insulin pump communicates to the host computer via the Comlink (wireless, low-
powered, radio frequency (RF) communication). 
 
The DreaMed “GlucoSitter” uses a vendor-supplied and self-developed (communication module) 
communication API in order to retrieve glucose / insulin data from the Paradigm Veo and set insulin 
treatment according to the algorithm decision (1,2).  
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Required training and safety precautions during closed-loop use 
All participants were trained to use the study continuous glucose monitoring system device and insulin 
pump at the start of the run-in period. 
 
Over a one-week run-in phase, participants were required to use the study pump and collect at least five 
days’ worth of sensor glucose to pass the compliance assessment. Data obtained during the run-in phase 
were used for therapy optimization as per usual clinical practice. Participants used a standard bolus 
calculator for all meals throughout the study. At the end of the run-in period, compliance in the use of 
insulin pump and continuous glucose monitoring were assessed. 
 
Before closed-loop start, participants had a training on initiation and discontinuation of the closed-loop 
system. During the study period, participants were remotely monitored/supervised and a telephone 
number for a 24-hour helpline was provided to contact the study team in the event of study-related 
issues. Participants were trained to perform a glucose sensor calibration checks. If sensor glucose was 
greater than capillary fingerstick glucose by more than 54 mg/dL (3.0 mmol/L), the glucose sensor was 
recalibrated. If sensor glucose became unavailable or when communication between the laptop and the 
study pump was interrupted, pre-programmed insulin delivery automatically restarted within 30 minutes. 
This limited the risk of insulin under- and over-delivery. The system use was uninterrupted during 
exercise and there was no pre-meal bolus or meal announcements. 
 
The continuous glucose monitoring provided hypoglycemia and hyperglycemia alarms, the insulin pump 
provided standard alarms, and the laptop alerted the user about aspects related to closed-loop operation 
such as when closed-loop insulin delivery started or stopped, or when laptop battery was empty. The 
threshold suspend feature was turned off during closed-loop. 
 
Insulin concentration and insulin-on-board calculation 
 
Two methods were used to evaluate the number of insulin units each subject had at the time of the 
exercise: 
 
The first method: The measured insulin concentration values were converted from [pmol/L] units into 
units of insulin using the following formulas (3): 
 

(1)             
(2) Total blood volume (TBD), L (adults and children ≥25 kg): 

 

Male =  

Female =  

(3) Total units of insulin [IU] = Insulin Concentration   X TBD [L] 
 
With the second method, we have estimated insulin-on-board using the basal and bolus data from the 
pump and implementing it with 3 hours insulin-on-board curves for prediction of plasma insulin, which 
were estimated at the same time points as the insulin concentration was measured. 
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Figure S1. Study flow chart.  
Standard-CL – Fully automated insulin therapy using standard insulin aspart, Faster-CL – Fully 
automated insulin therapy using faster insulin aspart 
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Table S1. Baseline characteristics of study participants 
 

Mean 
all  

Mean 
male  

Mean 
female   

(N=20) 
SD 

(N=9) 
SD 

(N=11) 
SD 

Age (years) 21.3 2.3 21.4 2.3 21.2 2.4 

Duration of diabetes (years) 13.0 4.2 12.5 5.4 13.5 3.1 

Duration of pump use (years) 10.8 3.6 9.0 4.0 12.3 2.6 

BMI (kg/m2) 22.0 2.0 22.2 2.3 21.8 1.8 

HbA1c (%) 7.5 0.5 7.3 0.6 7.6 0.5 

HbA1c (mmol/mol) 58 5.5 56 6.6 60 5.5 
VO2max (ml kg-1min-1) 41.4 9.7 47.9 10.4 36.0 4.9 

 
Data are mean (SD). BMI – Body Mass Index, VO2max – Maximal oxygen consumption rate  
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Table S2. Macronutrient content of meals 
 

 

Weight 
(grams) 

Energy 
(kJ) 

Energy 
(kcal) 

Proteins 
(grams) 

Carbohydrates 
(grams) 

Fat 
(grams) 

Dinner       

Full grain pasta, cooked 200 1200 286 11,9 54 2 

Bolognese sauce 120 571 137 7,9 4 10 

Green salad 80 44 10 0,8 1 0 

Oil 5 185 44 0 0 5 

Vinegar 2 2 0 0 0 0 

Subtotal   2002 478 20,6 59 18 

Breakfast        

Rye bread 120 1129 270 8,9 55 1 

Eggs 120 686 164 14,2 2 11 

Cheese 30 470 112 10,7 0 8 

Peppers 50 63 15 0,6 3 0 

Unsweetened tea 200 4 0 0,2 0 0 

Subtotal  2352 562 34,6 60 20 

Lunch       

Turkey breast, baked 120 552 132 30,2 0 1 

Boiled potatoes 280 826 196 5,3 42 0 

Green beans, cooked 150 201 48 3,5 7 0 

Oil 10 370 88 0 0 10 

Green salad 70 39 9 0,7 1 0 

Oil 5 185 44 0 0 5 

Vanilla Ice-cream 62 557 133 1,8 10 10 

Subtotal  2729 650 41,5 61 26 

Total  7083 1690 96.7 180 63 
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Table S3. Comparisons of Insulin Concentration and Insulin Estimations during and after 
exercise 
 

Variable ITT(N=20) Faster-CL  Standard-CL  P value 

Exercise start    

Insulin concentration [pmol/L] 167.6 (77.1, 258.1) 196.5 (131.3, 261.6) 0.597 
IOBc [IU] 5.0 (2.6, 7.4) 5.9 (3.81, 7.9) 0.522 
IOBe [IU] 2.3 (1.1, 3.4) 2.2 (0.89, 3.5) 0.719 

IOBc - IOBe [IU] -2.6 (-4.8, -0.4) -3.8 (-6.31, -1.4) 0.029 

Exercise end    

Insulin concentration [pmol/L] 202.3 (129.5, 275.0) 224.9 (153.4, 296.4) 0.477 
IOBc [IU] 6.3 (4.3, 8.3) 6.8 (4.7, 8.9) 0.361 
IOBe [IU] 2.0 (1.3, 2.7) 1.8 (0.7, 2.9) 0.584 

IOBc - IOBe [IU] -4.3 (-6.06, -2.6) -5.2 (-7.5, -2.9) 0.003 

2h after exercise    

Insulin concentration [pmol/L] 136.7 (72.2, 201.3) 161.9 (103.0, 220.8) 0.395 
IOBc [IU] 4.3 (2.4, 6.17) 5.0 (3.1, 6.9) 0.389 
IOBe [IU] 2.5 (1.4, 3.5) 2.1 (1.1, 3.2) 0.122 

IOBc - IOBe [IU] -1.6 (-3.0, -0.2) -2.6 (-4.4, -0.8) 0.004 

 
Data are mean (SD). IOBc – Insulin concentration converted to units of insulin on board,  
IOBe – Estimation of insulin on board using the basal and bolus data from the pump for prediction of plasma 
insulin using 3 hours curve. The value was estimated at the same times the insulin concentration was measured. 
Faster-CL – Fully automated insulin therapy using faster insulin aspart, Standard-CL – Fully automated insulin 
therapy using standard insulin aspart 
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