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Abstract

Background. The long-term benefit provided by advanced hybrid closed-loop (AHCL)

systems needs to be assessed in general populations and specific subpopulations.

Methods. A prospective evaluation of subjects initiating the AHCL system 780G was
performed. Time in range (70-180 mg/dl) (TIR), <70 mg/dl, <54 mg/dl, >180 mg/dl and
>250 mg/dl were compared, at baseline and after one year, in different subpopulations,
according to previous treatment (pump vs MDI), age (> or <25 years old) and

hypoglycaemia risk at baseline.

Results. 135 subjects were included (age: 35+15 years, 64% females, diabetes
duration: 21+12 years). An increase in TIR was found, from 67.26£11.80% at baseline to
77.41+8.85% after one year (p<0.001). All the subgroups showed a significant
improvement in TIR, time >180 mg/dl and >250 mg/dl. At the 1-year evaluation, no
significant differences were found, between previous pump users and MDI subjects.
Children and young adults had a lower time <70 mg/dl than adults. Subjects with a high
risk of hypoglycaemia at baseline had a higher time spent at <70 mg/dl and <54 mg/dI

than low-risk individuals.

Conclusion. The initial benefit provided by the AHCL system is sustained in the long

term. MDI subjects obtain the same outcomes as subjects with pump experience.

Keywords: type 1 diabetes, closed-loop systems, artificial pancreas, hypoglycaemia.



Introduction

Closed-loop systems have brought a paradigm shift in the management of type 1
diabetes and their use is rapidly spreading around the world. The advanced hybrid
closed-loop (AHCL) system MiniMed™ 780G uses a model based adaptative algorithm
with a PDI (Proportional Integral Derivative) with insulin feedback module; the system
delivers microboluses of insulin, to reach personalised glucose targets (100 mg/dl, 110
mg/dl or 120 mg/dl); also, auto-correction boluses are delivered when the infusion from
microboluses is not enough to keep sensor glucose below 120 mg/dl; additional safety
features, as the Safe Meal Bolus feature, are included in the algorithm [1]. A rapid
improvement in glycaemic control, which is sustained after 3 to 6 months, has been
reported by our group and other groups in many countries, showing a time in range
(70-180 mg/dl) between 75.6% and 80.4% [2-7]. Also, a large number of downloads from
anonymised subjects have been analysed, showing similar outcomes [8,9].
Patient-reported outcomes analysis has shown an increase in patient satisfaction with the
system [3,10,11]. Nevertheless, the long-term outcomes of the AHCL system have not
been reported. Additionally, analysis of the performance of the AHCL system in specific
populations is scarce. Subpopulations may have different diabetes care requirements,
glycaemic disturbances and targets [12]. Knowledge concerning the performance of the

AHCL systems in different subgroups of individuals is required, to assist healthcare



professionals in tailoring their therapeutic choices for type 1 diabetes people with various

needs.

The study aimed to evaluate if the benefit reported with the use of this AHCL system
was sustained in the long-term in both the general population of type 1 diabetes and in
specific subgroups of subjects with different baseline characteristics that could influence

those outcomes.

Material and Methods

Subjects with type 1 diabetes consecutively initiated the use of the MiniMed™ 780G
system with Guardian™ Sensor 3 at Badajoz University Hospital. A longitudinal
prospective evaluation was performed. Pregnant women were excluded. A 2-week system
download was collected at baseline and again at the end of one year using the system.
Time in range (70-180 mg/dl), time below range (< 70 mg/dl) and < 54 mg/dl and time
above range (> 180 mg/dl) and 250 mg/dl, according to International Consensus [13],
were collected. Glucose Management Indicator (GMI) (%), coefficient of variation of
glucose (CV) (%), sensor use (%) and parameters related to the use of the system were
also evaluated.

The baseline data consisted of 2 weeks using continuous glucose monitoring with
Guardian™ Sensor 3 in all the patients, to assure that data from the same sensor were
compared at baseline and at the end of follow-up. Pump therapy or MDI was maintained

during those 2 weeks, according to the therapy that the subjects were previously using.
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Pump therapy or MDI was maintained during those 2 weeks, according to the therapy that
the subjects were previously using. Auto-mode was started after 2 to 10 days of manual
mode. The predictive low-glucose suspend function was activated in all the patients
during the manual mode period.

Three different subgroups of subjects were defined, representing specific
subpopulations, based on particular characteristics at baseline. These groups were defined

as follows: Group 1, according to previous treatment: pump therapy vs MDI, Group 2,

according to age: children and young adults (< 25 years-old) vs adults (26 to 65 years old),

and Group 3, according to hypoglycaemia risk: high hypoglycaemia risk (time < 70 mg/dl >

4% or time < 54 mg/dl > 1% at baseline) vs low hypoglycaemia risk (time < 70 mg/dl < 4%

and time < 54 mg/dl < 1% at baseline).

Time in range (70-180 mg/dl), time < 70 mg/dl and 54 mg/dl and time > 180 mg/dI
and 250 mg/dl, GMI (%), CV (%) and sensor use were compared at baseline and after one
year for each of these subgroups. These same variables, as well as variables related to the
use of the system, were compared between subgroups (pump therapy vs MDI, adults vs

children and young adults and low vs high hypoglycaemia risk) at the end of the follow-up.

The study protocol followed the Declaration of Helsinki principles and was approved
by the Badajoz University Hospital Ethics Committee. All of the participants were informed

of the protocol and signed a consent form.

Data analysis was performed using the SPSS statistics software v22. A descriptive

analysis of continuous variables was performed by calculating their mean and standard



deviation. Categorical variables were expressed as percentages. The normal distribution of
the variables was checked by Kolmogorov-Smirnov’s test. A paired Student’s t-test or a
Wilcoxon signed-rank test was used for the analysis of differences. For unpaired samples,
the independent samples t-test was used. Comparisons between proportions were
analysed by a chi-squared test. Correlation analysis was performed using the Pearson
method. The sample size was estimated using the Granmo software. A p-value < 0.05 was

considered statistically significant.

Results

One hundred and thirty-five people with type 1 diabetes were included. Subject
characteristics are summarised in Table 1. BMI was 24.7 + 4.7 Kg/m2, 51% of the subjects

had normal weight, 11% were underweight and 38% were overweight or obese.

Regarding insulin treatment, baseline treatment was MDI for 27% (n = 36) of the
patients. The subjects who were already on pump therapy before the study (73%, n = 99))
used mostly sensor-augmented pump systems with predictive low-glucose suspend
function (n = 86). Eight subjects were on pump therapy without continuous or flash
glucose monitoring, 4 subjects were using a non-advanced hybrid closed-loop system and
1 subject was on pump therapy with continuous glucose monitoring. In previous pump
users, the duration of pump therapy before the start of using the AHCL system was 6.6 *

3.3 years.



Regarding glucose monitoring, 71% (n = 96) of the participants were using continuous
glucose monitoring (Guardian™ Sensor 3: n = 90, Dexcom 6®: n = 5, Eversense®: n = 1),

22% (n = 30) used flash glucose monitoring and 9 subjects were on SMBG.

Two additional subjects had stopped using the system after 7 months and 10 months
respectively, and one subject used the auto-mode only sporadically; those individuals

were excluded from the analysis.

Outcomes in time spent in different glycaemic ranges at the one-year follow-up in the
whole population are shown in Figure 1. Time in range (70-180 mg/dl) at the one-year
evaluation was 77.41 + 8.85% (range: 53% to 96%). The mean improvement in time in
range (70-180 mg/dl) was 10.15 + 10.83%. The percentage of subjects reaching the target
of a time in range (70-180 mg/dl) > 70% was increased from 40% (n = 54) at baseline to
79% (n = 107) and the last visit (p = 0.003). Also, 53% (n = 71) of the individuals reached
the combined target of time in range (70-180 mg/dl) > 70% and time < 70 mg/d| < 4% at
the one-year visit and 42% (n = 57) of the individuals reached a time in range (70-180

mg/dl) > 80% (Figure 2).

Additionally, the individuals who were already reaching the target of time in range
(70-180 mg/dl) > 70% at baseline (n = 54) achieved a significant improvement in time in
range (70-180 mg/dl) from 78.07 + 5.03% to 81.33 * 6.97% (p = 0.01), as well as a
reduction in time below and above range. Nevertheless, this improvement in time in

range (70-180 mg/dl) was significantly lower than the amelioration in subjects with



baseline time in range (70-180 mg/dl) below target (n = 81), which was increased from

60.06 + 9.22% to 74.79 + 9.04% (p < 0.001).

GMI was reduced from 6.98 + 0.49 % to 6.67 * 0.32%, mean glucose and standard
deviation of sensor glucose were reduced from 154 + 20 mg/dl to 141 + 13 and from 53 +
9 mg/dl to 47 + 8 mg/dl respectively (all p < 0.001), while the coefficient of variation (CV)
did not change (34.0 £ 4.5% vs 33.5 £ 4.3%, p = 0.286). The use of the sensor was

increased from 84.7 + 12.3% t0 90.4 + 9.3% (p < 0.001).

Regarding the use of the system, time in auto-mode was 95.6 + 7.2% and the number
of exits was 0.98 + 0.99 per week. The number of SMBG and calibrations per day were 3.2
+ 0.9 and 3.0 £ 0.9 respectively. Total insulin dose was 46.8 + 22.3 units per day, basal
insulin was 42.6 + 9.7%, bolus insulin 56.9 + 8.2% and auto-corrections represented 31.8 +

14.1% of bolus insulin (27.2 + 9.4 boluses per day, 8.3 £ 5.9 units per day).

The subjects received 3.8 + 3.5 hypoglycaemia alarms and 2.2 £ 2.0 hyperglycaemia
alarms per day. The hypoglycaemia alarms were not significantly different compared to
baseline, but the hyperglycaemia alarms were reduced from the 3.1 £ 3.0 alarms they
received at baseline (p = 0.001). The number of meals per day was 4.2 + 1.7 and the

carbohydrate intake was 144.8 + 84.7 grams per day.

The auto-correction feature was ON in all the subjects; 84% (n = 113) of the subjects
used a glucose target of 100 mg/dl, 12% (n = 16) 110 mg/dl and 4% (n = 6) 120 mg/dl;
active insulin time was 2 hours in 76% of the subjects (n = 102), between 2 and 3 hours in

22% (n = 29) and more than 3 hours in 4 people.



A positive correlation was found between time in range (70-180 mg/dl) and time in
auto-mode (Pearson coefficient r = 0.442, p < 0.001) and a negative correlation was
observed between time in range (70-180 mg/dl) and the percentage of auto-correction

insulin (Pearson coefficient r =-0.369, p < 0.001) .

The differences in the glycaemic outcomes in the predefined subpopulations are
shown in Table 2. In Group 2, the mean age was 43 + 9 years old in adults and 16 + 5 years
old in children and young adults (p < 0.001). Time in range (70-180 mg/dl), time > 180
mg/dl and time > 250 mg/dl, GMI, mean sensor glucose and standard deviation of sensor
glucose were reduced, after one year of use of the system, in all the groups. The sensor

used was increased in all the groups except for the MDI group.

No significant differences were found in the improvement in time in range (70-180
mg/dl) between the groups: 9.82 + 11.13% in previous pump users vs 11.03 + 10.05% in
MDI subjects; 9.89 + 10.81% in adults vs 10.70 + 10.98% in children and young adults;
11.48 £+ 11.57% in people with low hypoglycaemia risk vs 8.42 + 9.62% in people with high
hypoglycaemia risk at baseline (all p > 0.005). Additionally, the percentage of subjects
achieving the target of time in range (70-180 mg/dl) > 70% was not significantly different

between subgroups.

The MDI group and the people with age < 25 years old showed a reduction in time
below range (< 70 mg/dl), compared to baseline, from 3.86 + 3.93% to 2.5 + 2.27% (p =
0.027) and from 3.41 + 2.73 to 2.22 + 1.84% (p = 0.009) respectively, but not in time < 54

mg/dl.



Subjects with low hypoglycaemia risk at baseline (time < 70 mg/dl < 4% and time < 54
mg/dl < 1%) improved their time in range (70-180 mg/dl), time > 180 mg/dl, time > 250
mg/d, GMI, mean sensor glucose and standard deviation of glucose, but showed an
increase in time < 70 mg/dl and < 54 mg/dl, compared to baseline. People with high
hypoglycaemia risk at baseline improved their time in range (70-180 mg/dl), time > 180
mg/dl, time > 250 mg/d, GMI, mean sensor glucose and standard deviation of glucose and

also reduced their time < 70 mg/dl and < 54 mg/d|, compared to baseline.

When comparing the results after one year between the different groups, no
differences were found between the previous pump users and the MDI group in any of the
variables (Table 2). Regarding age groups, younger subjects had a lower time spent at < 70
mg/dl and higher mean sensor glucose than older subjects. Individuals with high
hypoglycaemia frequency at baseline had a higher time spent at < 70 mg/dl and < 54
mg/dl, lower GMI and mean sensor glucose than subjects with lower hypoglycaemia

frequency at baseline.

Discussion

The MiniMed™ 780G system was launched in Europe and other countries around the
world in October 2020. Pre-commercialization studies showed an improvement in time in
range (70-180 mg/dl) from 5.7% to 12.5% after 1 to 3 months of use in different groups of
subjects [14-16]. After commercialization, several reports have confirmed the benefit

shown in the preliminary data [2-7]. Our data showed an improvement in time in range
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(70-180) mg/dl of 12.8% after 3 months in 52 previous pump users3. Cost analyses have
been performed, showing the cost-effectiveness of the use of this AHCL system [17.18].
Retrospective long-term outcomes with other AHCL systems have been reported, in 9000
users [19], but no data are available for the 780G system.

Our data show the sustainability of the short-term results after one year of use of the
system in real-life in a relatively high number of subjects with various baseline situations,
regarding previous therapy, age and hypoglycaemia frequency. The whole population and
all the subgroups achieved an improvement in terms of time in range (70-180 mg/dl), time
in hyperglycaemia > 180 mg/dl and > 250 mg/dl, GMI, mean sensor glucose and standard
deviation of sensor glucose. The use of the most aggressive settings (i.e. a glucose target
of 100 mg/dl and 2 hours of active insulin time) in most of the subjects was key in

obtaining the maximum benefit from the AHCL system.

Concerning the time below range (< 70 mg/dl), no significant improvement was seen
in the whole population, the previous pump users or the adult subjects. MDI subjects and

children and young adults significantly reduced their time in mild hypoglycaemia.

People with high hypoglycaemia risk reduced their time in hypoglycaemia < 70 mg/dI
and < 54 mg/dl, but both remained above the International Consensus recommendations
[13]. On the other hand, subjects with low hypoglycaemia risk increased both their time in
mild hypoglycaemia and time in clinically relevant hypoglycaemia but remained below the

recommended targets in International Consensus.
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When comparing the one-year outcomes in the different subpopulations, no
differences were seen if the subjects had previous pump experience or had initiated
closed-loop therapy directly from MDI. This finding should guide the selection of
candidates for the AHCL system by giving the same opportunities to all the people with
type 1 diabetes, independently of their previous treatment. Interestingly, the MDI group
was relatively well controlled at baseline, with a mean GMI of 7.01%, a time in range
(70-180 mg/dl) of 65.72% and hypoglycaemia levels below the recommended targets. Still,
this group significantly improved its GMI, time in range (70-180 mg/dl), time in
hyperglycaemia > 180 mg/dl and > 250 mg/dl and time below range (< 70 mg/dl), showing
that intensification of glycaemic control is feasible, even in subjects with nearly optimal

glycaemic control without previous pump experience.

Children and young adults showed a higher time spent below range (< 70 mg/dl) and
lower mean sensor glucose than adult individuals, demonstrating a tendency for

hypoglycaemia avoidance in the most vulnerable population.

In the group divided by their baseline hypoglycaemia risk, the subjects with a higher
risk showed a higher time in hypoglycaemia < 70 mg/dl and < 54 mg/dl, a lower GMI and
mean sensor glucose than the subjects with a lower risk. In other words, the high-risk
group improved its hypoglycaemia frequency in comparison to the baseline situation but
still showed higher hypoglycaemia risk than the people with low risk at baseline, meaning
that there is still room for improvement in the algorithm’s management of hypoglycaemia

in the subjects with more problematic hypoglycaemia.
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The main limitation of the study lies in the subgroup analysis, due to the limited
number of subjects in each subgroup. Also, some individuals are represented in more than
one subgroup, according to their shared baseline characteristics. Prospective, randomised
large-scale trials are needed, specifically evaluating the performance of the different AHCL
systems on the market in populations with particular situations (i.e. young children,
elderly people, people with impaired awareness of hypoglycaemia, pregnant women, very

physically active subjects, etc. [12]).

The main strengths of the present study are the long-term follow-up and the
prospective design, allowing for evaluation of the benefit provided by the AHCL system in
a real-world scenario and in a relatively large and heterogeneous population of users.
Additionally, to the best of our knowledge, the present study represents the first insight
into the analysis of the use of the 780G system comparatively in different specific

subpopulations.

In conclusion, the benefit of the advanced hybrid closed-loop system is sustained in
the long term and it is extended to subpopulations of people with type 1 diabetes with
various baseline situations according to their previous pump experience or inexperience,

younger or older age and higher or lower hypoglycaemia risk.

Declarations

The authors received no funding from an external source.

13



PB reports speaker fees from Medtronic and Lilly. FA reports speaker fees from
Medtronic and Novo Nordisk. EG reports speaker fees from Medtronic and Novo Nordisk.
The rest of the authors declare no conflict of interest.

Ethics approval: Approval was obtained from the ethics committee of Badajoz
University Hospital. The procedures used in this study adhere to the tenets of the
Declaration of Helsinki.

All of the authors contributed to the design and implementation of the research, the
analysis of the results and the writing of the manuscript.

The datasets generated during the current study are not publicly available but are

available from the corresponding author on reasonable request.

References

[1]. McVean J, Miller J. MiniMed™780G Insulin pump system with smartphone
connectivity for the treatment of type 1 diabetes: overview of its safety and
efficacy. Expert Rev Med Devices. 2021;18(6):499-504.

doi:10.1080/17434440.2021.1926984.

[2]. Beato-Vibora PI, Gallego-Gamero F, Ambrojo-Lépez A, et al. Rapid Improvement in
Time in Range After the Implementation of an Advanced Hybrid Closed-Loop System in
Adolescents and Adults with Type 1 Diabetes. Diabetes Technol Ther. 2021;23(9):609-615.

doi:10.1089/dia.2021.0037.

14



[3]. Beato-Vibora PI, Gallego-Gamero F, Ambrojo-Lépez A, et al. of user experiences
and glycaemic outcomes with an Advanced Hybrid Closed Loop System in a real-world
clinical setting. Diabetes Res Clin Pract. 2021;178:108986.

doi:10.1016/j.diabres.2021.108986.

[4]. Petrovski G, Al Khalaf F, Campbell J, et al. Glycemic outcomes of Advanced Hybrid
Closed Loop system in children and adolescents with Type 1 Diabetes, previously treated
with Multiple Daily Injections (MiniMed 780G system in T1D individuals, previously
treated with MDI). BMC Endocr Disord. 2022;22(1):80. Published 2022 Mar 29.

doi:10.1186/s12902-022-00996-7.

[5]. Pintaudi B, Gironi |, Nicosia R, et al. Minimed Medtronic 780G optimizes glucose
control in patients with type 1 diabetes mellitus. Nutr Metab Cardiovasc Dis.

2022;32(7):1719-1724. doi:10.1016/j.numecd.2022.03.031.

[6]. Thivolet C, Gaudilliere M, Villar Fimbel S, et al. Hybrid closed Loop improved
glucose control compared to sensor-augmented pumps in outpatients with type 1
diabetes in real-life conditions with telehealth monitoring. Acta Diabetol.

2022;59(3):395-401. doi:10.1007/s00592-021-01820-9.

[7]. Lepore G, Rossini A, Bellante R, et al. Switching to the Minimed™ 780G system
achieves clinical targets for CGM in adults with type 1 diabetes regardless of previous

insulin strategy and baseline glucose control [published online ahead of print, 2022 Jul

20]. Acta Diabetol. 2022;10.1007/s00592-022-01937-5. doi:10.1007/s00592-022-01937-5.

15



[8]. Silva JD, Lepore G, Battelino T, et al. Real-World Performance of the MiniMed™
780G System: First Report of Outcomes from 4120 Users. Diabetes Technol Ther.

2022;24(2):113-119. doi:10.1089/dia.2021.0203.

[9]. Castaiieda J, Mathieu C, Aanstoot HJ, et al. Predictors of Time in Target Glucose
Range in Real-world users of the MiniMed™ 780G System [published online ahead of
print, 2022 Jul 6]. Diabetes Obes Metab. 2022;10.1111/dom.14807.

doi:10.1111/dom.14807

[10]. Hood KK, Laffel LM, Danne T, et al. Lived Experience of Advanced Hybrid
Closed-Loop  Versus Hybrid Closed-Loop: Patient-Reported Outcomes and

Perspectives. Diabetes Technol Ther. 2021;23(12):857-861. doi:10.1089/dia.2021.0153.

[11]. Wheeler BJ, Collyns OJ, Meier RA, et al. Improved technology satisfaction and
sleep quality with Medtronic MiniMed® Advanced Hybrid Closed-Loop delivery compared
to predictive low glucose suspend in people with Type 1 Diabetes in a randomized

crossover trial. Acta Diabetol. 2022;59(1):31-37. d0i:10.1007/s00592-021-01789-5.

[12]. Aiello EM, Deshpande S, Ozaslan B, et al. Review of Automated Insulin Delivery
Systems for Individuals with Type 1 Diabetes: Tailored Solutions for Subpopulations. Curr

Opin Biomed Eng. 2021;19:100312. d0i:10.1016/j.cobme.2021.100312.

[13]. Battelino T, Danne T, Bergenstal RM, et al. Clinical Targets for Continuous Glucose
Monitoring Data Interpretation: Recommendations From the International Consensus on

Time in Range. Diabetes Care. 2019;42(8):1593-1603. doi:10.2337/dci19-0028.

16



[14]. Carlson AL, Sherr JL, Shulman DI, et al. Safety and Glycemic Outcomes During the
MiniMed™ Advanced Hybrid Closed-Loop System Pivotal Trial in Adolescents and Adults
with Type 1 Diabetes. Diabetes Technol Ther. 2022;24(3):178-189.

doi:10.1089/dia.2021.0319.

[15]. Collyns OJ, Meier RA, Betts ZL, et al. Improved Glycemic Outcomes With
Medtronic MiniMed Advanced Hybrid Closed-Loop Delivery: Results From a Randomized
Crossover Trial Comparing Automated Insulin Delivery With Predictive Low Glucose
Suspend in People With Type 1 Diabetes. Diabetes Care. 2021;44(4):969-975.

doi:10.2337/dc20-2250.

[16]. Bergenstal RM, Nimri R, Beck RW, et al. A comparison of two hybrid closed-loop
systems in adolescents and young adults with type 1 diabetes (FLAIR): a multicentre,
randomised, crossover trial. Lancet. 2021;397(10270):208-219.

doi:10.1016/50140-6736(20)32514-9.

[17]. Jendle J, Buompensiere MI, Holm AL, et al. The Cost-Effectiveness of an Advanced
Hybrid Closed-Loop System in People with Type 1 Diabetes: a Health Economic Analysis in

Sweden. Diabetes Ther. 2021;12(11):2977-2991. d0i:10.1007/s13300-021-01157-0.

[18]. Lambadiari V, Ozdemir Saltik AZ, de Portu S, et al. Cost-Effectiveness Analysis of an
Advanced Hybrid Closed-Loop Insulin Delivery System in People with Type 1 Diabetes in

Greece. Diabetes Technol Ther. 2022;24(5):316-323. doi:10.1089/dia.2021.0443.

17



[19]. Breton MD, Kovatchev BP. One Year Real-World Use of the Control-IQ Advanced
Hybrid Closed-Loop  Technology. Diabetes  Technol Ther. 2021;23(9):601-608.

doi:10.1089/dia.2021.0097.

18



Manuscript File Click here to view linked References %

Title

Long-term outcomes of an advanced hybrid closed-loop system: a focus on different

subpopulations.

Running title: One-year results of the 780G in specific groups.

Authors

Pilar Isabel Beato-Vibora MD PhD!, Ana Ambrojo-Lopez MD?, Mercedes

Ferndndez-Bueso MD?, Estela Gil-Poch MD?, Francisco Javier Arroyo-Diez MD PhD?.

1. Diabetes Technology Unit. Endocrinology and Nutrition Department. Badajoz

University Hospital. Badajoz. Spain.

2. Diabetes Technology Unit. Department of Paediatrics. Badajoz University Hospital.

Badajoz. Spain.

Corresponding author
Beato-Vibora Pilar .

email address: pilar.beato@salud-juntaex.es

phone number: 0034659267272
ORCID ID: 0000-0003-4075-4969
Manuscript word count: 2940
Abstract word count: 200
Tables: 2.

Figures: 2.


mailto:pilar.beato@salud-juntaex.es
https://www.editorialmanager.com/diab/viewRCResults.aspx?pdf=1&docID=15003&rev=1&fileID=218949&msid=bf1ad3bf-f93b-4527-b698-a34419c1b029
https://www.editorialmanager.com/diab/viewRCResults.aspx?pdf=1&docID=15003&rev=1&fileID=218949&msid=bf1ad3bf-f93b-4527-b698-a34419c1b029

Abstract

Background. The long-term benefit provided by advanced hybrid closed-loop (AHCL)

systems needs to be assessed in general populations and specific subpopulations.

Methods. A prospective evaluation of subjects initiating the AHCL system 780G was
performed. Time in range (70-180 mg/dl) (TIR), <70 mg/dl, <54 mg/dl, >180 mg/dl and
>250 mg/dl were compared, at baseline and after one year, in different subpopulations,
according to previous treatment (pump vs MDI), age (> or <25 years old) and

hypoglycaemia risk at baseline.

Results. 135 subjects were included (age: 35+15 years, 64% females, diabetes
duration: 21+12 years). An increase in TIR was found, from 67.26£11.80% at baseline to
77.41+8.85% after one year (p<0.001). All the subgroups showed a significant
improvement in TIR, time >180 mg/dl and >250 mg/dl. At the 1-year evaluation, no
significant differences were found, between previous pump users and MDI subjects.
Children and young adults had a lower time <70 mg/dl than adults. Subjects with a high
risk of hypoglycaemia at baseline had a higher time spent at <70 mg/dl and <54 mg/dI

than low-risk individuals.

Conclusion. The initial benefit provided by the AHCL system is sustained in the long

term. MDI subjects obtain the same outcomes as subjects with pump experience.

Keywords: type 1 diabetes, closed-loop systems, artificial pancreas, hypoglycaemia.



Introduction

Closed-loop systems have brought a paradigm shift in the management of type 1
diabetes and their use is rapidly spreading around the world. The advanced hybrid
closed-loop (AHCL) system MiniMed™ 780G uses a model based adaptative algorithm
with a PDI (Proportional Integral Derivative) with insulin feedback module; the system
delivers microboluses of insulin, to reach personalised glucose targets (100 mg/dl, 110
mg/dl or 120 mg/dl); also, auto-correction boluses are delivered when the infusion from
microboluses is not enough to keep sensor glucose below 120 mg/dl; additional safety
features, as the Safe Meal Bolus feature, are included in the algorithm [1]. A rapid
improvement in glycaemic control, which is sustained after 3 to 6 months, has been
reported by our group and other groups in many countries, showing a time in range
(70-180 mg/dl) between 75.6% and 80.4% [2-7]. Also, a large number of downloads from
anonymised subjects have been analysed, showing similar outcomes [8,9].
Patient-reported outcomes analysis has shown an increase in patient satisfaction with the
system [3,10,11]. Nevertheless, the long-term outcomes of the AHCL system have not
been reported. Additionally, analysis of the performance of the AHCL system in specific
populations is scarce. Subpopulations may have different diabetes care requirements,
glycaemic disturbances and targets [12]. Knowledge concerning the performance of the

AHCL systems in different subgroups of individuals is required, to assist healthcare



professionals in tailoring their therapeutic choices for type 1 diabetes people with various

needs.

The study aimed to evaluate if the benefit reported with the use of this AHCL system
was sustained in the long-term in both the general population of type 1 diabetes and in
specific subgroups of subjects with different baseline characteristics that could influence

those outcomes.

Material and Methods

Subjects with type 1 diabetes consecutively initiated the use of the MiniMed™ 780G
system with Guardian™ Sensor 3 at Badajoz University Hospital. A longitudinal
prospective evaluation was performed. Pregnant women were excluded. A 2-week system
download was collected at baseline and again at the end of one year using the system.
Time in range (70-180 mg/dl), time below range (< 70 mg/dl) and < 54 mg/dl and time
above range (> 180 mg/dl) and 250 mg/dl, according to International Consensus [13],
were collected. Glucose Management Indicator (GMI) (%), coefficient of variation of
glucose (CV) (%), sensor use (%) and parameters related to the use of the system were
also evaluated.

The baseline data consisted of 2 weeks using continuous glucose monitoring with
Guardian™ Sensor 3 in all the patients, to assure that data from the same sensor were
compared at baseline and at the end of follow-up. Pump therapy or MDI was maintained

during those 2 weeks, according to the therapy that the subjects were previously using.
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Pump therapy or MDI was maintained during those 2 weeks, according to the therapy that
the subjects were previously using. Auto-mode was started after 2 to 10 days of manual
mode. The predictive low-glucose suspend function was activated in all the patients
during the manual mode period.

Three different subgroups of subjects were defined, representing specific
subpopulations, based on particular characteristics at baseline. These groups were defined

as follows: Group 1, according to previous treatment: pump therapy vs MDI, Group 2,

according to age: children and young adults (< 25 years-old) vs adults (26 to 65 years old),

and Group 3, according to hypoglycaemia risk: high hypoglycaemia risk (time < 70 mg/dl >

4% or time < 54 mg/dl > 1% at baseline) vs low hypoglycaemia risk (time < 70 mg/dl < 4%

and time < 54 mg/dl < 1% at baseline).

Time in range (70-180 mg/dl), time < 70 mg/dl and 54 mg/dl and time > 180 mg/dI
and 250 mg/dl, GMI (%), CV (%) and sensor use were compared at baseline and after one
year for each of these subgroups. These same variables, as well as variables related to the
use of the system, were compared between subgroups (pump therapy vs MDI, adults vs

children and young adults and low vs high hypoglycaemia risk) at the end of the follow-up.

The study protocol followed the Declaration of Helsinki principles and was approved
by the Badajoz University Hospital Ethics Committee. All of the participants were informed

of the protocol and signed a consent form.

Data analysis was performed using the SPSS statistics software v22. A descriptive

analysis of continuous variables was performed by calculating their mean and standard



deviation. Categorical variables were expressed as percentages. The normal distribution of
the variables was checked by Kolmogorov-Smirnov’s test. A paired Student’s t-test or a
Wilcoxon signed-rank test was used for the analysis of differences. For unpaired samples,
the independent samples t-test was used. Comparisons between proportions were
analysed by a chi-squared test. Correlation analysis was performed using the Pearson
method. The sample size was estimated using the Granmo software. A p-value < 0.05 was

considered statistically significant.

Results

One hundred and thirty-five people with type 1 diabetes were included. Subject
characteristics are summarised in Table 1. BMI was 24.7 + 4.7 Kg/m2, 51% of the subjects

had normal weight, 11% were underweight and 38% were overweight or obese.

Regarding insulin treatment, baseline treatment was MDI for 27% (n = 36) of the
patients. The subjects who were already on pump therapy before the study (73%, n = 99))
used mostly sensor-augmented pump systems with predictive low-glucose suspend
function (n = 86). Eight subjects were on pump therapy without continuous or flash
glucose monitoring, 4 subjects were using a non-advanced hybrid closed-loop system and
1 subject was on pump therapy with continuous glucose monitoring. In previous pump
users, the duration of pump therapy before the start of using the AHCL system was 6.6 +

3.3 years.



Regarding glucose monitoring, 71% (n = 96) of the participants were using continuous
glucose monitoring (Guardian™ Sensor 3: n = 90, Dexcom 6®: n = 5, Eversense®: n = 1),

22% (n = 30) used flash glucose monitoring and 9 subjects were on SMBG.

Two additional subjects had stopped using the system after 7 months and 10 months
respectively, and one subject used the auto-mode only sporadically; those individuals

were excluded from the analysis.

Outcomes in time spent in different glycaemic ranges at the one-year follow-up in the
whole population are shown in Figure 1. Time in range (70-180 mg/dl) at the one-year
evaluation was 77.41 + 8.85% (range: 53% to 96%). The mean improvement in time in
range (70-180 mg/dl) was 10.15 + 10.83%. The percentage of subjects reaching the target
of a time in range (70-180 mg/dl) > 70% was increased from 40% (n = 54) at baseline to
79% (n = 107) and the last visit (p = 0.003). Also, 53% (n = 71) of the individuals reached
the combined target of time in range (70-180 mg/dl) > 70% and time < 70 mg/d| < 4% at
the one-year visit and 42% (n = 57) of the individuals reached a time in range (70-180

mg/dl) > 80% (Figure 2).

Additionally, the individuals who were already reaching the target of time in range
(70-180 mg/dl) > 70% at baseline (n = 54) achieved a significant improvement in time in
range (70-180 mg/dl) from 78.07 + 5.03% to 81.33 * 6.97% (p = 0.01), as well as a
reduction in time below and above range. Nevertheless, this improvement in time in

range (70-180 mg/dl) was significantly lower than the amelioration in subjects with



baseline time in range (70-180 mg/dl) below target (n = 81), which was increased from

60.06 + 9.22% to 74.79 + 9.04% (p < 0.001).

GMI was reduced from 6.98 + 0.49 % to 6.67 * 0.32%, mean glucose and standard
deviation of sensor glucose were reduced from 154 + 20 mg/dl to 141 + 13 and from 53 +
9 mg/dl to 47 + 8 mg/dl respectively (all p < 0.001), while the coefficient of variation (CV)
did not change (34.0 £ 4.5% vs 33.5 £ 4.3%, p = 0.286). The use of the sensor was

increased from 84.7 + 12.3% t0 90.4 + 9.3% (p < 0.001).

Regarding the use of the system, time in auto-mode was 95.6 + 7.2% and the number
of exits was 0.98 + 0.99 per week. The number of SMBG and calibrations per day were 3.2
+ 0.9 and 3.0 £ 0.9 respectively. Total insulin dose was 46.8 + 22.3 units per day, basal
insulin was 42.6 + 9.7%, bolus insulin 56.9 + 8.2% and auto-corrections represented 31.8 +

14.1% of bolus insulin (27.2 + 9.4 boluses per day, 8.3 £ 5.9 units per day).

The subjects received 3.8 + 3.5 hypoglycaemia alarms and 2.2 £ 2.0 hyperglycaemia
alarms per day. The hypoglycaemia alarms were not significantly different compared to
baseline, but the hyperglycaemia alarms were reduced from the 3.1 £ 3.0 alarms they
received at baseline (p = 0.001). The number of meals per day was 4.2 + 1.7 and the

carbohydrate intake was 144.8 + 84.7 grams per day.

The auto-correction feature was ON in all the subjects; 84% (n = 113) of the subjects
used a glucose target of 100 mg/dl, 12% (n = 16) 110 mg/dl and 4% (n = 6) 120 mg/dl;
active insulin time was 2 hours in 76% of the subjects (n = 102), between 2 and 3 hours in

22% (n = 29) and more than 3 hours in 4 people.



A positive correlation was found between time in range (70-180 mg/dl) and time in
auto-mode (Pearson coefficient r = 0.442, p < 0.001) and a negative correlation was
observed between time in range (70-180 mg/dl) and the percentage of auto-correction

insulin (Pearson coefficient r =-0.369, p < 0.001) .

The differences in the glycaemic outcomes in the predefined subpopulations are
shown in Table 2. In Group 2, the mean age was 43 + 9 years old in adults and 16 £ 5 years
old in children and young adults (p < 0.001). Time in range (70-180 mg/dl), time > 180
mg/dl and time > 250 mg/dl, GMI, mean sensor glucose and standard deviation of sensor
glucose were reduced, after one year of use of the system, in all the groups. The sensor

used was increased in all the groups except for the MDI group.

No significant differences were found in the improvement in time in range (70-180
mg/dl) between the groups: 9.82 + 11.13% in previous pump users vs 11.03 + 10.05% in
MDI subjects; 9.89 + 10.81% in adults vs 10.70 + 10.98% in children and young adults;
11.48 £+ 11.57% in people with low hypoglycaemia risk vs 8.42 + 9.62% in people with high
hypoglycaemia risk at baseline (all p > 0.005). Additionally, the percentage of subjects
achieving the target of time in range (70-180 mg/dl) > 70% was not significantly different

between subgroups.

The MDI group and the people with age < 25 years old showed a reduction in time
below range (< 70 mg/dl), compared to baseline, from 3.86 + 3.93% to 2.5 + 2.27% (p =
0.027) and from 3.41 + 2.73 to 2.22 + 1.84% (p = 0.009) respectively, but not in time < 54

mg/dl.



Subjects with low hypoglycaemia risk at baseline (time < 70 mg/dl < 4% and time < 54
mg/dl < 1%) improved their time in range (70-180 mg/dl), time > 180 mg/dl, time > 250
mg/d, GMI, mean sensor glucose and standard deviation of glucose, but showed an
increase in time < 70 mg/dl and < 54 mg/dl, compared to baseline. People with high
hypoglycaemia risk at baseline improved their time in range (70-180 mg/dl), time > 180
mg/dl, time > 250 mg/d, GMI, mean sensor glucose and standard deviation of glucose and

also reduced their time < 70 mg/dl and < 54 mg/d|, compared to baseline.

When comparing the results after one year between the different groups, no
differences were found between the previous pump users and the MDI group in any of the
variables (Table 2). Regarding age groups, younger subjects had a lower time spent at < 70
mg/dl and higher mean sensor glucose than older subjects. Individuals with high
hypoglycaemia frequency at baseline had a higher time spent at < 70 mg/dl and < 54
mg/dl, lower GMI and mean sensor glucose than subjects with lower hypoglycaemia

frequency at baseline.

Discussion

The MiniMed™ 780G system was launched in Europe and other countries around the
world in October 2020. Pre-commercialization studies showed an improvement in time in
range (70-180 mg/dl) from 5.7% to 12.5% after 1 to 3 months of use in different groups of
subjects [14-16]. After commercialization, several reports have confirmed the benefit

shown in the preliminary data [2-7]. Our data showed an improvement in time in range
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(70-180) mg/dl of 12.8% after 3 months in 52 previous pump users3. Cost analyses have
been performed, showing the cost-effectiveness of the use of this AHCL system [17.18].
Retrospective long-term outcomes with other AHCL systems have been reported, in 9000
users [19], but no data are available for the 780G system.

Our data show the sustainability of the short-term results after one year of use of the
system in real-life in a relatively high number of subjects with various baseline situations,
regarding previous therapy, age and hypoglycaemia frequency. The whole population and
all the subgroups achieved an improvement in terms of time in range (70-180 mg/dl), time
in hyperglycaemia > 180 mg/dl and > 250 mg/dl, GMI, mean sensor glucose and standard
deviation of sensor glucose. The use of the most aggressive settings (i.e. a glucose target
of 100 mg/dl and 2 hours of active insulin time) in most of the subjects was key in

obtaining the maximum benefit from the AHCL system.

Concerning the time below range (< 70 mg/dl), no significant improvement was seen
in the whole population, the previous pump users or the adult subjects. MDI subjects and

children and young adults significantly reduced their time in mild hypoglycaemia.

People with high hypoglycaemia risk reduced their time in hypoglycaemia < 70 mg/dI
and < 54 mg/dl, but both remained above the International Consensus recommendations
[13]. On the other hand, subjects with low hypoglycaemia risk increased both their time in
mild hypoglycaemia and time in clinically relevant hypoglycaemia but remained below the

recommended targets in International Consensus.
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When comparing the one-year outcomes in the different subpopulations, no
differences were seen if the subjects had previous pump experience or had initiated
closed-loop therapy directly from MDI. This finding should guide the selection of
candidates for the AHCL system by giving the same opportunities to all the people with
type 1 diabetes, independently of their previous treatment. Interestingly, the MDI group
was relatively well controlled at baseline, with a mean GMI of 7.01%, a time in range
(70-180 mg/dl) of 65.72% and hypoglycaemia levels below the recommended targets. Still,
this group significantly improved its GMI, time in range (70-180 mg/dl), time in
hyperglycaemia > 180 mg/dl and > 250 mg/dl and time below range (< 70 mg/dl), showing
that intensification of glycaemic control is feasible, even in subjects with nearly optimal

glycaemic control without previous pump experience.

Children and young adults showed a higher time spent below range (< 70 mg/dl) and
lower mean sensor glucose than adult individuals, demonstrating a tendency for

hypoglycaemia avoidance in the most vulnerable population.

In the group divided by their baseline hypoglycaemia risk, the subjects with a higher
risk showed a higher time in hypoglycaemia < 70 mg/dl and < 54 mg/dl, a lower GMI and
mean sensor glucose than the subjects with a lower risk. In other words, the high-risk
group improved its hypoglycaemia frequency in comparison to the baseline situation but
still showed higher hypoglycaemia risk than the people with low risk at baseline, meaning
that there is still room for improvement in the algorithm’s management of hypoglycaemia

in the subjects with more problematic hypoglycaemia.
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The main limitation of the study lies in the subgroup analysis, due to the limited
number of subjects in each subgroup. Also, some individuals are represented in more than
one subgroup, according to their shared baseline characteristics. Prospective, randomised
large-scale trials are needed, specifically evaluating the performance of the different AHCL
systems on the market in populations with particular situations (i.e. young children,
elderly people, people with impaired awareness of hypoglycaemia, pregnant women, very

physically active subjects, etc. [12]).

The main strengths of the present study are the long-term follow-up and the
prospective design, allowing for evaluation of the benefit provided by the AHCL system in
a real-world scenario and in a relatively large and heterogeneous population of users.
Additionally, to the best of our knowledge, the present study represents the first insight
into the analysis of the use of the 780G system comparatively in different specific

subpopulations.

In conclusion, the benefit of the advanced hybrid closed-loop system is sustained in
the long term and it is extended to subpopulations of people with type 1 diabetes with
various baseline situations according to their previous pump experience or inexperience,

younger or older age and higher or lower hypoglycaemia risk.
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Figure 1. Time in different glycaemic ranges at baseline and after one year of follow-up (n =
135). p < 0.001 for time in range 70-180 mg/dl, time > 180 mg/dl and time > 250 mg/dl; p =
0.56 for time < 70 mg/dI, p = 0.156 for time < 54 mg/d|.

Figure 2. Percentage of subjects reaching different glycaemic targets at the end of follow-up
compared to baseline (all p <0.003).
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Table 1. Patient characteristics.

Age (years) 35+15
Sex (female) n (%) 86 (64)
Diabetes duration (years) 21+12
Baseline HbA1c (mmol/, %) 56 +10
7.30+£0.89
BMI (Kg/m2) 24.7+4.7
Hypoglycaemia unawareness (GS or CS > 3) n (%)* 35(30)
Severe hypoglycaemia episodes in the past year (2 1) n (%)* 11 (9.9)

N = 135. GS (Gold Score), CS (Clarke Score). *only in subjects older than 14 years old (n = 118).
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Table 2. Glycaemic outcomes at baseline and after 1 year of follow-up in the three different groups, according to previous therapy, age and hypoglycaemia risk.

Group 1 Group 2 Group
Previous therapy Age Hypoglycaemia risk
Pump MDI > 25 years-old < 25 years-old Low High
n=99 n=36 n=292 n=43 n=76 n=>59
baseline 1year baseline 1 year baseline 1year baseline 1 year baseline 1 year baseline 1 year

Time 70-180 mg/dI (%) 67.82+11.86 77.65+9.03* 65.72+11.65 76.75+8.45*% 67.99+11.72 77.88+8.76%¥ 65.70+11.95 76.40+9.06* 65.50+12.64 76.99% 9.56* 69.53+10.29 77.95+7.91%*
Time > 180 mg/dI (%) 28.82+13.30 19.10+9.26* 30.42+12.74 20.72+8.18* 28.45+13.38 18.60+8.75* 30.95+12.55 21.53+9.25* 33.17 £12.99 20.59+9.47* 24.19+11.56 18.17 +8.19*
Time > 250 mg/dl (%) 6.02 +6.29 3.19+2.74* 6.61 +6.05 3.50 +3.65* 6.15+6.17 3.09 +2.85* 6.98 +6.76 3.67 £3.29* 7.25+6.75 3.53+3.26* 4.80+5.18 2.95+2.62*
Time < 70 mg/dl (%) 3.35+£3.30 3.13+2.82 3.86+3.93 2.50+2.27* 3.54+3.82 3.28+2.96 3.36+2.59 2.28 £ 1.88*%% 1.35+0.88 2.16 £ 2.00* 6.23+3.63 4.00 +3.11*%
Time < 54 mg/dI (%) 0.85+1.31 0.75+1.07 0.92 +1.50 0.61+0.96 0.91+1.46 0.79+1.14 0.77 £1.12 0.53+0.77 0.06 £0.11 0.43+0.81* 191+1.51 1.07 £ 1.20%#
GMI (%) 6.97 £0.49 6.65 +0.33* 7.01+0.49 6.75 £ 0.28* 6.97 £0.50 6.64 + 0.34* 7.00 £ 0.46 6.75+0.23* 7.17 £0.45 6.74 £ 0.33* 6.77 £0.44 6.59 + 0.29*%
Mean sensor glucose (mg/dI) 15421 140 + 14* 155 + 20 144+ 12* 153+21 140 £ 14* 157 £19 145+ 12*% 161+ 18 144 14* 145+ 19 138+ 12*¢
SD sensor glucose (mg/dl) 52+9 47 + 8* 54 +11 48 +8* 52+8 47 + 8* 54+11 48 + 9% 52+9 48 + 8% 53+ 10 47 + 8%
CV sensor glucose (%) 33.7+4.4 33.7+4.4 348+4.8 33.0+3.9 33.8+4.5 33.6+4.4 34445 335+4.1 31.7+34 32.92 +4.24* 36.7+4.2 34.3+4.2%F
Sensor use (%) 84.1+12.7 90.1 +9.6* 86.4+11.1 91.1+84 86.7 £9.7 91.5+7.7* 80.4 +15.8 88.0+11.8* 84.0+13.7 90.5 +10.6* 85.5+10.4 90.2 + 7.4*

GMI (Glucose Management Indicator), SD (standard deviation), CV (Coefficient of Variation). Hypoglycaemia risk: high risk defined as time < 70 mg/dl > 4% or time < 54 mg/dl > 1% at baseline. *p < 0.05 at one-year compared to baseline, ¥p
< 0.05 at one-year between groups.
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