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OBJECTIVE

The aim of this study was to evaluate the outcomes of transitioning to the MiniMed
780G advanced hybrid closed-loop (AHCL) system in adult individuals with type 1 di-
abetes mellitus (T1DM) naive to continuous subcutaneous insulin infusion (CSII) and
continuous glucose monitoring (CGM) technologies.

RESEARCH DESIGN AND METHODS

This was a two-center, randomized, controlled, parallel-group trial with evalua-
tion of individuals with T1DM aged 26–60 years managed with multiple daily in-
jections (MDI) and self-monitoring of blood glucose (BGM) with HbA1c <10%.

RESULTS

A total of 41 participants were recruited and randomized to either the AHCL (n = 20)
or theMDI+BGM (n = 21) group, and 37 participants (mean ± SD age 40.3 ± 8.0 years,
duration of diabetes 17.3 ± 12.1 years, BMI 25.1 ± 3.1 kg/m2, HbA1c 7.2 ± 1.0%)
completed the study. Time spent with glucose levels in target range increased from
69.3 ± 12.3% at baseline to 85.0 ± 6.3% at 3 months in the AHCL group, while re-
maining unchanged in the control group (treatment effect 21.5% [95% CI 15.7,
27.3]; P < 0.001). The time with levels below range (<70 mg/dL) decreased from
8.7 ± 7.3% to 2.1 ± 1.7% in the AHCL group and remained unchanged in the
MDI+BGM group (treatment effect24.4% [95% CI27.4,22.1]; P < 0.001). Partici-
pants from the AHCL group also had significant improvements in HbA1c levels
(treatment effect20.6% [95% CI20.9,20.2]; P = 0.005) and in quality of life (QoL)
in specific subscales compared with the MDI+BGM group.

CONCLUSIONS

People with T1DM naive to CSII and CGM technologies initiating AHCL signifi-
cantly and safely improved their glycemic control, as well as their QoL and psy-
chological well-being.

Despite many advances in type 1 diabetes therapies, most people with diabetes
are unable to maintain near-normal blood glucose levels and to reduce the risk of
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both acute and chronic complications of
the disease (1–4). Hybrid closed-loop (HCL)
insulin delivery technology automatically
increases, decreases, and suspends insulin
delivery based on real-time continuous
glucose monitoring (CGM) data (5,6). The
MiniMed 780G system (Medtronic) con-
tains an advanced HCL algorithm (AHCL)
and in addition delivers autocorrection bo-
luses for high glucose levels (6,7).
To date, published studies have pro-

vided evidence that AHCL technology is
effective in safely improving glycemic con-
trol in individuals with type 1 diabetes mel-
litus (T1DM) (8–12). In these randomized
controlled trials as well as clinical experi-
ences the effectiveness of the MiniMed
780G system was evaluated predominantly
in individuals who had previously used dia-
betes technologies, either insulin pumps
(continuous subcutaneous insulin infusion
[CSII]) or CGM systems, with or without
various levels of insulin delivery auto-
mation (9,10,12). It remained an open
question, however, to what extent the
effectiveness of the MiniMed 780G sys-
tem depended on prior experience of
CSII or CGM technologies. The capability
of people with T1DM to undergo tran-
sition directly from a relatively simple
multiple daily injections (MDI) and self-
monitoring of blood glucose (BGM)–based
treatment to the most advanced AHCL
technology was questioned, leading to
a stepwise approach of implementing
diabetes-related technologies. What is
more, previous observations with technol-
ogies with no or less automation of glu-
cose control suggested that transitioning
to a more advanced system might require
more trust in the equipment, creating
possible challenges (13).
The impacts of advanced technology

use in T1DM on quality of life (QoL) and
patient-related outcomes are other im-
portant topics to address. Studies have
indicated that better QoL of T1DM pa-
tients is associated with improvement
of glycosylated hemoglobin and reduced
hypoglycemic episodes (14,15). Studies
have also suggested that proper imple-
mentation of new technologies in T1DM
treatment may significantly improve not
only metabolic control but also psycholog-
ical well-being and QoL (16–19). Whether
these positive outcomes hold true in tran-
sitioning from technology naive to use of
advanced hybrid systems remains unclear.
We therefore performed a random-

ized controlled study to address these

questions. The primary objective was to
evaluate whether the MiniMed 780G
AHCL system improves glycemic control
and QoL perception in adult individuals
with T1DM and naive to CSII and CGM
technologies.

RESEARCH DESIGN AND METHODS

Study Design
This was a two-center, randomized, con-
trolled, parallel-group trial that consisted
of a 2 week run-in period and a 3 month
study period (ClinicalTrials.gov reg. no.
NCT04616391, protocol identifier 1072.
61201.8.2020) (Supplementary Fig. 1).

We included individuals who actively
responded to announcements in outpa-
tient clinics/social media. Participants with
T1DM diagnosed at least 2 years prior
the study, aged 26–60 years, with HbA1c
<10% (86 mmol/mol), treated with MDI
and BGM, and without any previous
experience of CSII or CGM entered the
2 week run-in period during which they
were required to demonstrate tolerance
to wearing the sensor and compliance
with blinded CGM (a full list of inclusion
and exclusion criteria can be found in
Supplementary Table 1). Following the
run-in period, participants were randomly
allocated to either the AHCL group or the
MDI1BGM group and were followed up
for 3 months. The primary end point was
the between-group difference in the per-
centage of time sensor glucose (SG) was
within the range of 70–180 mg/dL (TIR) at
the end of study. Secondary end points in-
cluded time spent in the hyperglycemic,
euglycemic, and hypoglycemic ranges;
glycemic variability; HbA1c; and QoL. Be-
tween-group comparison of CGM-derived
measures was based on the period of the
last 2 weeks of the study. These were
calculated for the overall (00:00–23:59 h),
daytime (06:01–23:59 h), and nighttime
(00:00–06:00 h) periods. Safety end points
included the number of severe hypoglyce-
mic events and the number of diabetic ke-
toacidosis events. A continued observation
phase with AHCL therapy for an addi-
tional 9 months was offered to partici-
pants from the AHCL arm.

Procedures
All participants were met by a diabetes
educator at screening for verification of
knowledge related to intensive, functional
insulin therapy. Educational sessions for
the MiniMed 780G group lasted on average

for 4–6 h, depending on patients’ respon-
siveness. The dietitian provided a single
online educational session for each pa-
tient in both groups lasting for �30 min.
People with diabetes not meeting the ba-
sic knowledge requirements, as assessed
by the diabetologist, were not eligible to
pursue the study. All participants were
trained on the CGM usage and wore the
Guardian Link 3 Transmitter and Guardian
Sensor 3 in a blinded manner for 2 weeks
for baseline measurement and assessment
of compatibility with the device. CGM data
were downloaded in the clinic, and the
blinded data were not used for therapy
adjustment. Randomization was performed
with Random Allocation Software to allow
fair distribution among sites and eliminate
place for bias (https://random-allocation-
software.software.informer.com/2.0/). Par-
ticipants were randomized to the AHCL or
the MDI1BGM group in a 1:1 ratio. The
randomization code was generated by a
statistician using block randomization with
the random variable block size method.
Participants allocated to the AHCL group
initiated the MiniMed 780G system in
open loop with the “Suspend before low”
feature for 3 days and then initiated AHCL
therapy with a glucose target of 100 mg/dL
and an active insulin time (AIT) of 2.0–
2.5 h. Since the study participants had
well-controlled diabetes at baseline, their
respective insulin carbohydrate ratio
settings were used with some minor
modifications. The participants were
instructed not to adjust system settings
without consulting with the physician. In-
sulin carbohydrate ratio and AIT were ad-
justed by the physician during the study
as per investigator judgement; glucose
target was adjusted only in case of safety
concerns. Participants’ interaction with
the system and glycemic control was
reviewed and the system settings were
reassessed and adjusted as needed at
each visit in the clinic or remotely
(Supplementary Fig. 2). Participants ran-
domized to the MDI1BGM group contin-
ued with their previous treatment and
repeated a 2 week blinded CGM period
at the end of the 3 months. HbA1c meas-
urements were performed at screening
and at the end of the 3 months with an
NGSP-certified laboratory test.

QoL was assessed with use of the
Polish-validated version of the QoL-Q
Diabetes questionnaire, which is a stan-
dardized questionnaire allowing for ex-
ploratory analysis (Speight et al. [20]).
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The questionnaire is a self-assessment
scale composed of two parts: the first a
measure of QoL with diabetes in a given
(1 of 23) life area (range score for each
item: 1, strongly disagree, 5, strongly
agree [answer of N/A was not included
in further analyses]) and the second a
measure of the importance of each of
the 23 aspects of life, assessed on a three-
dimension scale (1, not at all important, 3,
extremely important [answer of N/A was
also assessed as 1]). We calculated the
score value for a given area (1 of 23) by
multiplying the result of the first part of
the test by the second part of the test
result (for a given area). The mean value
for a given area is 6, minimum is 1, and
maximum is 15. We calculated the over-
all QoL score by summing up points from
all 23 areas. The maximum test result is
345 points; the higher the result, the bet-
ter the QoL assessed by the patient.

Statistical Analysis
Using data from the Medtronic MiniMed
670G Hybrid Closed-Loop Pivotal Trial in
T1D (>21 years old) (21) and Multiple
Daily Injections and Continuous Glucose
Monitoring in Diabetes (DIAMOND) study
(22), we assume a mean ± SD TIR 70 ±
15% for the AHCL group and 55 ± 15%
for the MDI group. For a two-sided two-
sample t test, a total sample size of
40 subjects is required to test the hypoth-
esized difference in population means of
15% with a 95% confidence level, 80%
power, and attrition rate of 15%.

The primary population consisted of sub-
jects who fulfilled eligibility criteria, demon-
strated tolerance to wearing the sensor and
compliance with blinded CGM, received al-
located intervention, and completed the
study. All the analyses we performed were
based on this primary population.

All available data were used in com-
puting means and SDs. No imputation
method was applied for missing data.

For comparison of two independent
variables, Student or Welch t test was
used for normally distributed (Shapiro-
Wilk test) continuous variables; otherwise,
the Mann-Whitney U test was conducted.
For comparison of two dependent groups,
paired t test or Wilcoxon signed rank
test, when appropriate, was used. For
examination of the differences between
categorical variables x2 test was used.

To test for the effect of treatment
allocation on outcomes, we conducted

ANCOVA, with adjustment for treatment
arm and baseline values. Once the signifi-
cant interactions were confirmed we in-
cluded them into the model, and then
we estimate the adjusted mean difference
between the treatment arms. When
ANCOVA assumption was not met the
Wilcoxon rank sum test was used.

Analyses of correlation between TIR
change and QoL score change in sub-
scales was performed with use of Pearson
correlation.

All P values are two tailed. Analyses
were performed with R, version 4.1.0,
and RStudio, version 1.3.959.

RESULTS

Trial participants (n = 41) were recruited
between 25 March 2021 and 20 April
2021 and were randomized to the AHCL
(n = 20) or the MDI1BGM (n = 21) group
(Supplementary Fig. 1). Four participants
randomized to the MDI1BGM group
withdrew their consent: three due to
not being allocated to the AHCL arm (at
randomization day) and one because of
unplanned pregnancy (1.5 months after
randomization). These four participants
were included in neither the data analysis
nor the baseline characteristics. All the
other participants randomized in either
the AHCL (n = 20) or the MDI1BGM (n =
17) group completed the 3-month study.
Mean ± SD age was 40.3 ± 8.0 years, mean
duration of diabetes 17.3 ± 12.1 years,
mean BMI 25.1 ± 3.1 kg/m2, and a mean
HbA1c 7.2 ± 1.0% (55 ± 11 mmol/mol).
The AHCL and the MDI1BGM groups
did not differ at baseline in sex, BMI,
body weight, duration of diabetes, age,

thyroid stimulating hormone, estimated
glomerular filtration rate, or AST (Table 1).

Mean ± SD TIR increased from 69.3 ±
12.3% at baseline to 85.0 ± 6.3% at
3 months in the AHCL group, while re-
maining unchanged in the control group
(P = 0.684): 62.8 ± 10.7% to 61.5 ± 11.2%
(treatment effect 21.5% [95% CI 15.7,
27.3]; P < 0.001) (Table 2). All participants
in the AHCL group (20 of 20) achieved a
TIR >70%, compared with 29.4% (5 of 17)
in the MDI1BGM group (P < 0.001).

All other CGM-derived outcomes turned
out to be significantly in favor of the
AHCL group (Table 2). Mean ± SD time
with glucose levels below target range
(TBR), <70 mg/dL, decreased from 8.7 ±
7.3% to 2.1 ± 1.7% in the AHCL group,
while remaining unchanged in the
MDI1BGM group (7.5 ± 7.9% to 8.1 ±
7.1%; P = 0.575) (treatment effect �4.4%
[95% CI �7.4, �2.1]; P < 0.001). TBR
<54 mg/dL was changed by treatment
effect �0.9% [95% CI �1.6, �0.3]; P =
0.010), and TAR was changed by treat-
ment effect �14.7% [95% CI �21.4, �8.0];
P < 0.001. The average glucose level
was significantly reduced in the AHCL
group (treatment effect 15.4 mg/dL
[95% CI �26.5, �4.2]; P = 0.008), as
well as the glucose variability, as indi-
cated by the coefficient of variation (CV)
of the average glucose (treatment effect
9.4% [95% CI �12.9, �5.6]; P < 0.001).
The magnitude of the benefits was
more pronounced during the night-
time with a treatment effect of 26.2%
TIR and �7.0% TBR in favor of AHCL
(20.5% and �5.0% during the day-
time, respectively), reaching 89.8% TIR
(Table 3).

Table 1—Baseline characteristics of randomized participants

Treatment arm (n = 20),
MiniMed 780G system

Control arm (n = 17),
MDI1BGM P

Sex, F (%) 8 (40.0) 8 (47.1) 0.920

Age (years) 39.8 ± 8.3 40.9 ± 7.8 0.671

Diabetes duration (years) 17.1 ± 12.2 17.6 ± 12.2 0.749

HbA1c (%; mmol/mol) 7.05 ± 0.8; 54 ± 9 7.4 ± 1.2; 57 ± 13 0.349

BMI (kg/m2) 24.5 ± 3.3 25.6 ± 2.64 0.280

Body weight (kg) 76.3 ± 14.7 77.7 ± 14.4 0.774

eGFR (mL/min) 112 ± 23 119 ± 24 0.341

Thyroid stimulating hormone (mU/mL) 1.51 ± 0.75 1.81 ± 0.73 0.241

AST (units/L) 26.4 ± 7.7 24.9 ± 4.7 0.720

Data are means ± SD or n (%). eGFR, estimated glomerular filtration rate; F, female.
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Laboratory-measured HbA1c levels also
demonstrated a significant reduction
in the AHCL group compared with the
MDI1BGM group (treatment effect �0.6%
[95% CI �0.9, �0.2]; P = 0.005). Addition-
ally, significant improvement in glucose
management indicator was observed
(treatment effect �0.4% [95% CI �0.6,
�0.1]) (Table 2).
Body weight and BMI did not change

between screening and study end for ei-
ther group (AHCL group P = 0.513 and
P = 0.408, respectively, and MDI group
P = 0.946 and P = 0.972). There was no
between-group difference in body weight

or BMI at the study end (P = 0.774 and
P = 0.280) (Table 1).

Over the 3 months of the study fol-
lowing AHCL initiation, participants in
the AHCL group used the sensor for a
mean of 95.6% of the time, spent a
mean of 97.8% of the time in AHCL,
and experienced a mean of 0.5 AHCL
exits per week. While in AHCL, the glu-
cose target of 100 mg/dL and the AIT of
2 h were used for 80.6% and 92.9% of
the time, respectively.

There was no events of severe hypo-
glycemia or diabetic ketoacidosis during
the study in any of the groups.

Mean ± SD overall QoL-Q Diabetes
score in the MDI1BGM group did not
change from baseline (173 ± 46) to
3 months (173 ± 53) but improved in the
AHCL group, from 187 ± 32 to 202 ± 54.
With adjustment for baseline values, there
was no between-group difference (P =
0.287) (Table 4). However, in analyses of
the 23 areas describing QoL, the AHCL
group reported a significant increase in
4 essential of them, in comparison with the
MDI1BGM group: feeling well (2.3 [95% CI
0.1–4.6]; P = 0.042), working (2.8 [95% CI
0.7–4.9]; P = 0.012), eating as I would like
(3.1 [95% CI 0.8–5.4], P = 0.011) and doing

Table 2—Primary and secondary glucose and clinical outcomes

Treatment arm (n = 20) Control arm (n = 17) Estimated difference
(780G � MDI)† 95% CI PBaseline MiniMed 780G system Baseline MDI1BGM

HbA1c (%; mmol/mol) 7.05 ± 0.8; 54 ± 9 6.7 ± 0.4; 50 ± 5 7.4 ± 1.2; 57 ± 13 7.4 ± 0.8; 57 ± 9 �0.6 �0.9, �0.2 0.005

SG (mg/dL) 139.9 ± 21.2 133.2 ± 8.9 151.0 ± 23.6 153.1 ± 25.3 �15.4 �26.5, �4.2 0.008

GMI (%) 6.66 ± 0.51 6.50 ± 0.21 6.92 ± 0.56 6.97 ± 0.61 �0.4 �0.6, �0.1 0.008

CV of SG (%) 39.0 ± 7.1 30.6 ± 4.7 39.5 ± 4.7 40.7 ± 6.3 �9.4‡ �12.9, �5.6 <0.001

%SG <54 mg/dL 2.9 ± 3.8 0.3 ± 0.4 2.7 ± 4.9 2.6 ± 3.9 �0.9‡ �1.6, �0.3 0.010

%SG <70 mg/dL 8.7 ± 7.3 2.1 ± 1.7 7.5 ± 7.9 8.1 ± 7.1 �4.4‡ �7.4, �2.1 <0.001

%SG 70–180 mg/dL 69.3 ± 12.3 85.0 ± 6.3 62.8 ± 10.7 61.5 ± 11.2 21.5 15.7, 27.3 <0.001

%SG >180 mg/dL 22.0 ± 12.3 12.9 ± 5.8 29.8 ± 13.4 30.5 ± 14.2 �14.7 �21.4, �8.0 <0.001

%SG >250 mg/dL 5.2 ± 6.4 1.6 ± 1.6 7.6 ± 5.8 9.3 ± 8.3 �4.5‡ �11.0, �2.0 <0.001

Body weight (kg) 76.3 ± 14.7 75.6 ± 16.5 77.7 ± 14.4 77.8 ± 15.3 �2.9‡ �12.5, 8.1 0.637

BMI (kg/m2) 24.5 ± 3.3 24.3 ± 3.9 25.6 ± 2.6 25.6 ± 2.9 �1.7‡ �3.9, 1.2 0.244

Data are means ± SD unless otherwise indicated. %SG indicates percentage of time with SG in range. 780G � MDI, MiniMed 780G system � MDI1BGM;
GMI, glucose management indicator. †ANCOVA with adjustment for baseline value. Once the significant interaction was confirmed we included it into
the model. Mean difference is presented. ‡Wilcoxon rank sum test was applied when ANCOVA assumption was not meet, and median difference
is provided.

Table 3—Time spent in glycemic ranges during daytime and nighttime

Category

Treatment arm (n = 20) Control arm (n = 17) Estimated difference
(780G � MDI)† 95% CI PBaseline MiniMed 780G system Baseline MDI1BGM

Daytime (06:01–23:59 h)
%SG <54 mg/dL 2.2 ± 3.0 0.3 ± 0.4 2.7 ± 4.8 2.3 ± 3.3 �1.8 �2.5, �1.0 <0.001
%SG <70 mg/dL [%] 7.2 ± 5.7 2.3 ± 1.9 7.4 ± 7.9 7.4 ± 6.3 �5.0 �7.0, �3.0 <0.001
%SG 70–180 mg/dL 69.0 ± 12.1 83.3 ± 6.9 62.7 ± 10.3 60.5 ± 11.1 20.5 14.8, 26.3 <0.001
%SG >180 mg/dL 23.8 ± 12.3 14.5 ± 6.5 29.8 ± 12.7 32.1 ± 14.1 �15.3 �22.0, �8.6 <0.001
%SG >250 mg/dL 5.3 ± 5.8 1.8 ± 1.6 7.9 ± 5.6 9.9 ± 8.3 �5.6‡ �10.5, �2.4 <0.001

Nighttime (00:00–06:00 h)

%SG <54 mg/dL 5.0 ± 7.7 0.2 ± 0.4 2.9 ± 6.3 3.7 ± 5.6 �1.6‡ �2.7, �0.0 0.007
%SG <70 mg/dL 13.0 ± 14.7 1.7 ± 1.8 7.6 ± 8.8 10.5 ± 11.0 �7.0‡ �13.6, �0.3 0.025
%SG 70–180 mg/dL 70.1 ± 19.6 89.8 ± 7.1 63.3 ± 14.5 65.3 ± 16.4 26.2‡ 33.5, 16.1 <0.001
%SG >180 mg/dL 17.0 ± 17.4 8.5 ± 7.1 29.1 ± 17.3 24.2 ± 19.2 �14.1‡ �23.9, �3.9 0.009
%SG >250 mg/dL 5.1 ± 10.9 0.8 ± 2.1 6.9 ± 8.1 7.1 ± 9.8 �1.8‡ �4.5, �0.0 0.013

% SG, percentage of time with SG in range. Data are means ± SD unless otherwise indicated. †ANCOVA with adjustment for baseline value.
Once the significant interaction was confirmed we included it into the model. Mean difference is presented. ‡Wilcoxon rank sum test was applied
when ANCOVA assumption was not met, and median difference was provided.
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normal things (2.8 [95% CI 0.2; 5.4]; P =
0.0343).

Of interest, we found a significant
correlation between TIR change and QoL
score change in one area: eating as I
would like (AHCL group: r = 0.56, P =
0.029).

CONCLUSIONS

To our knowledge this is the first random-
ized study with evaluation of the out-
comes of automated insulin delivery
system use in individuals with T1DM and
no previous experience with CSII or CGM
technologies. At the end of this two-
center, randomized trial, TIR, as mea-
sured with CGM, was 21.5 percentage
points higher among participants using
the AHCL system compared with those

in the MDI1BGM group. This TIR increase
in the AHCL group was accompanied by
an impressive 4.4% reduction in TBR (be-
low 70 mg/dL) and a 9.4% reduction in
CV, which is remarkable given the average
glucose reduction was 15.4 mg/dL. These
beneficial glycemic effects associated with
the AHCL system were observed during
both daytime and nighttime and were
even more prominent during the night,
when individuals are most vulnerable.
Glycated hemoglobin level improved
after 3 months in participants using the
AHCL system and remained unchanged
in people with diabetes on MDI therapy
with BGM. Of note, our studied group
was not just a random sample of people
with T1DM; they represent a group of
motivated individuals with well-controlled

and relatively long-standing diabetes but
free from advanced complications of the
disease. This can also be considered as
one of the limitations of the study, limit-
ing its generalizability.

The TIR achieved by participants using
the MiniMed 780G system in our study
was higher than that reported in previ-
ous studies with use of the same AHCL
technology. Collyns et al. (12) compared
AHCL to predictive low glucose sus-
pend (PLGS) technology and reported
increased mean ± SD TIR with AHCL of
12.5 ± 8.5% (70.4 ± 8.1% vs. 57.9 ± 11.7%,
P < 0.001). The population they evalu-
ated was, however, more heterogenous
and included children, adolescents, and
adults. Carlson et al. (10) performed a
single-arm study in 157 adolescents and

Table 4—Outcomes of the QoL-Q Diabetes questionnaire

Treatment arm (n = 20) Control arm (n = 17) Estimated difference
(780G � MDI)† 95% CI PBaseline MiniMed 780G System Baseline MDI1BGM

Overall QoL Score 187.2 ± 32 202.5 ± 54.2 173.87 ± 46.24 173.6 ± 53.34 19.9 �17.7, 57.6 0.287

Feeling well 7.9 ± 3.2 9.8 ± 3.1 6.73 ± 3.31 7.87 ± 3.38 2.3 0.1, 4.6 0.042

Working 7.4 ± 2 10.4 ± 2.9 7.93 ± 4.15 7.33 ± 3.02 2.7 0.7, 4.6 0.010

Eating as I would like 4.9 ± 2.7 7.1 ± 3.3 3.87 ± 1.88 4.07 ± 2.62 3.1 0.8, 5.4 0.0110

Doing “normal” things 7.6 ± 2.9 9.9 ± 3.7 8.33 ± 3.66 8.21 ± 3.85 2.8 0.2, 5.4 0.0343

Family relationships/friendships 9.9 ± 3.4 10 ± 3.5 8.27 ± 3.13 10.2 ± 3.49 <�0.001‡ �2.99, 2.0 0.604

Going out or socializing 8.2 ± 2.7 8 ± 2.8 8.07 ± 3.43 9.33 ± 2.97 �1.02 �3.1,1.0 0.311

Partner/spouse relationship 9.8 ± 3 9.7 ± 4 9.53 ± 3.34 9.73 ± 4.1 �0.1 �3.0, 2.8 0.943

Enjoying sexual activity 8.4 ± 2.3 8.8 ± 3.1 8.71 ± 2.43 9.21 ± 3.91 �0.32 �2.9, 2.3 0.797

Being physically active 8 ± 2.1 8.8 ± 2.8 7.47 ± 3.14 8.36 ± 3.08 0.71 �1.7, 3.1 0.544

Feeling in control of my body 7.9 ± 2.5 8.7 ± 3.4 7.5 ± 2.44 8.93 ± 3.59 <�0.001‡ �2.0, 2.0 0.801

Looking good 7.2 ± 2.2 7.7 ± 2.5 7.79 ± 2.78 8.2 ± 3.38 0.3 �1.6, 2.3 0.718

Having holidays 8.9 ± 3.5 9.3 ± 3.4 6.93 ± 3.01 7.53 ± 2.59 1.3 �0.9, 3.5 0.234

Affording the things I would like 8.7 ± 2.7 8.9 ± 3.6 8.2 ± 3.47 8.07 ± 3.2 1.4 �0.9, 3.7 0.214

Driving 8.6 ± 3.4 9.1 ± 3.2 7.8 ± 4.18 7.93 ± 3.79 0.9 �1.2, 3.1 0.393

Practicing my religion 8.4 ± 3.9 8.4 ± 3.8 7.18 ± 4.33 6.3 ± 3.92 0.9 �0.7, 2.6 0.249

Sleeping 8.6 ± 2.5 9.8 ± 3.3 7.27 ± 2.09 7.5 ± 4.31 2.1 �0.3, 4.5 0.087

Looking after or being useful to others 8.9 ± 2.2 8.7 ± 1.9 7.33 ± 2.47 7.31 ± 3.3 2.0‡ �4.5, 4.0 0.081

Pets/animals 7.7 ± 1.9 8.8 ± 3.7 7.09 ± 2.88 6.44 ± 2.35 2.1 �0.1, 4.4 0.065

Being independent 9.7 ± 3.2 11.1 ± 3.1 9.8 ± 2.93 9.62 ± 3.73 1.5 �0.7, 3.8 0.178

Being in control of my life 9.2 ± 3.2 10.6 ± 3.5 9.2 ± 3.21 8.57 ± 4.26 1.7 �1.0, 4.5 0.208

Being spontaneous 6.5 ± 2.7 6.5 ± 2.7 6.67 ± 3.62 6.67 ± 3.62 1‡ �2.0, 4.0 0.430

Being treated as “normal” 9 ± 2.9 9.3 ± 4.1 9.4 ± 3.14 9.36 ± 4.29 0.5 �2.7, 3.7 0.750

Having confidence 9 ± 2.2 9.3 ± 3.3 8.2 ± 3.21 8.29 ± 4.1 �0.9 �2.8, 0.9 0.310

Data are means ± SD unless otherwise indicated. 780G � MDI, MiniMed 780G system � MDI1BGM. †ANCOVA with adjustment for baseline
value. Once the significant interaction was confirmed we included it into the model. Mean difference is presented. ‡Wilcoxon rank sum test
was applied when ANCOVA assumption was not met, and median difference is provided.
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adults with T1DM in which they reported
a TIR of 74.5 ± 6.9%. That was an in-
crease from TIR of 68.8 ± 10.5% during
the 14 day run-in phase in which the
study participants used the MiniMed HCL
system with either PLGS or HCL technol-
ogy (P < 0.001). In an observational
study, Beato-V�ıbora et al. (8) assessed 52
individuals with T1D who transitioned
from the PLGS system to the MiniMed
780G system and reported a TIR increase
from 67.3 ± 13.6% at baseline to 80.1 ±
7.5% at 3 months (P = 0.001). Of note,
baseline TIR in this and other studies
were slightly worse than the baseline TIR
in our analysis (8,10,11,23). Schoelwer
et al. (23) showed that higher baseline
TIR is the strongest predictor of TIR on a
closed-loop system. The TIR achieved by
4,120 MiniMed 780G users in real-world
conditions was 76.2 ± 9.1%, as reported
by Da Silva et al. (11). One has to under-
line, however, that in all comparisons of
the outcomes of our study with those of
trials published before, the fundamental
difference in the baseline characteristics
of the studied groups should be taken
into consideration. Our study was the
only one to include exclusively individuals
who were naive to advanced technologies
like CSII or CGM, with no lower restriction
on HbA1c levels at baseline.
There are several distinctions of the

population studied. The group of adult
subjects with T1DM (mean ± SD age
40.3 ± 8.0 years) had long experience of
diabetes management (duration of dia-
betes 17.3 ± 12.1 years) with diabetes
fairly well controlled at baseline, 7.2 ±
0.8% (55 ± 11 mmol/mol) HbA1c (69.3 ±
12.3% TIR for the AHCL group), which is
better than usually achieved with MDI
therapy (23–25). These achievements at
baseline also reflect the challenge in
reaching glycemic goals with MDI, which
is the large amount of time spent below
range. It should be highlighted that the
usage of AHCL was not only associated
with additional reduction of HbA1c from
a relatively good baseline toward the
goal of <7% (53 mmol/mol) but also
with the critical reduction of the TBR
(from 8.7% ± 7.3 to 2.1% ± 1.7), while
no effect on TBR was demonstrated in
the control group. These results there-
fore can be generalized to whole popu-
lations of people with T1DM.
An important contributing factor to

the achievement of 85% TIR in our study
could have been the strict adherence to

the predefined AHCL settings of AIT set
to 2.0–2.5 h and glucose target set to
100 mg/dL. At initiation of the study, tar-
get blood glucose was set to 100 mg/dL
for all patients; however, in the course
of 3 months of the study, due to hypo-
glycemia concerns, it was increased for
four patients (for three to 110 mg/dL
and for one to 120 mg/dL). AIT was set,
for most patients, to 2.5 h; however, it
was later shortened (90% of the partici-
pants had AIT set to 2 h at the end of
3-month period). On the basis of our ex-
perience, it can be recommended to
choose optimal settings of the MiniMed
780G system (target glucose 100 mg/dL,
AIT 2 h) from the very beginning. The in-
built algorithms provide safety mecha-
nisms for the use of these settings. In a
recent study of Da Silva et al. (11) only
50.3% of participants set glucose target
to 100 mg/dL and 35.3% set AIT to 2 h
(mean TIR 76.2%). In a study by Petrovski
et al. (26), >90% of participants finished
the study with the algorithm of glucose
targets set to 100 mg/dL or 110 mg/dL
with AIT from 2–3 h (TIR 80.2%, weeks
9–12). Finally, using only optimal algo-
rithm settings, glucose target 100 mg/dL
and AIT 2 h, was associated with TIR at
3 months 80.1% (8). The observed time
on AHCL mode, exits from auto-mode
per week, and time of sensor use were
close to those observed in other AHCL
studies (8,11,26). Another important fac-
tor could be the adjustment of the sys-
tem carbohydrate ratio to provide more
insulin per meals. These factors have been
demonstrated to be associated with safe
and higher achievement of glycemic con-
trol in previous clinical studies, which was
also confirmed by the data from the
real-world users of the system (10).

Finally, the fact that the participants
were technology naive could have made
them less prone to unnecessary inter-
vention with the operation of the sys-
tem, which, unlike conventional wisdom,
might be associated with better out-
comes in comparison with outcomes
in those with prior experience with less
advanced technologies. Patient-related
outcomes should be part of the therapy
goals, beyond optimization of meta-
bolic parameters. Sense of psychologi-
cal well-being and QoL (24,25,27)
including physical and mental health,
social relations, education, recreation
and leisure, safety and freedom, sexual
satisfaction, employment and financial

status, and religious beliefs were assessed
through validated questioner (28). Three
months after AHCL initiation, the partic-
ipants’ overall adjusted QoL-Q Diabe-
tes did not differ between the groups
(P = 0.287) (Table 4). However, of the 23
areas describing QoL, the AHCL group re-
ported an increase in 4 of the very essen-
tial ones in comparison with MDI1BGM
group: feeling well, working, eating as I
would like, and doing normal things. This
indicates significantly higher scores for
QoL in terms of professional functioning,
freedom of eating, general well-being,
and subjective feeling of no restric-
tions in daily activities in comparison
with the MDI group. For none of the
23 areas analyzed was there a lower
score in the AHCL group compared
with the MDI1BGM group, which may
indicate that the transition of people
with T1DM from MDI1BGM directly
to this MiniMed 780G AHCL system
did not deteriorate the QoL of people
with diabetes in any aspects.

The applied QoL-Q Diabetes question-
naire allowed for an exploratory analysis
of various psychological areas and indi-
cated an increase in several of them: feel-
ing well, working, doing normal things,
and eating as I would like. This can be
linked to other positive aspects of the
MiniMed 780G usage, like lower level of
anxiety connected with possible hypo-
and hyperglycemia, greater comfort in
terms of insulin dosage and glucose con-
trol, much less painful punctures of the
pads, less preoccupation with possible
late complications, and greater subjec-
tive feeling that the diabetes is well
managed and under control (29–31). The
direct correlation between TIR and QoL
in terms of eating indicates that while
using the MiniMed 780G AHCL people
with diabetes experienced major com-
fort improvement, gaining the subjective
feeling of more freedom in their eating
choices alongside more stable glycemic
levels. A statistically significant correlation
was not found between TIR and other
aspects of QoL that significantly improved
in the AHCL group.

These results indicate that transition-
ing from MDI1BGM treatment to AHCL
may significantly improve the QoL and
psychological well-being of the people
with diabetes within only 3 months. The
rapidity of these changes suggests that
they may be related to the significant
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improvement in glycemic outcomes ob-
tained with AHCL treatment.

The major strength of our study is
the unique, technology-naive, popula-
tion who participated in the trial. We
were able to show that not only that
such a population may benefit from the
direct switch to AHCL but also that the
improvements in glucose-related diabetes
management parameters may exceed
those seen in other populations.

Our study has some limitations, one
being that we did not include a random
sample of people with diabetes. We can
speculate that those who actively seek
new opportunities for use of new tech-
nologies are more motivated to control
their diabetes. Second, an imbalance in
TIR between groups at baseline was ob-
served. This was, however, addressed by
the adjustments for the baseline values in
all the between-groups comparisons.

Another limitation of our study was a
relatively short, 3 months, follow-up
period and intensive visit schedule. The
sustainability of the glycemic outcomes
observed in this initial 3 months will be
evaluated in the extension phase of the
study, which is currently being conducted,
consisting of additional observation of
9 months.

Conclusion
The transition of adults with T1DM na-
ive to technology, previously treated for
a long time with MDI1BGM with rela-
tively good glycemic control, directly to
AHCL therapy was successful, allowing for
significant TIR increase and TBR reduc-
tion. These individuals with a relatively
long-diabetes duration, and probably no
earlier exposure to advanced technolo-
gies, also have significantly improvement
in the subjective feeling of life satisfac-
tion and psychological well-being in terms
of the impact of diabetes on essential life
areas.

Funding. Medtronic supplied MiniMed 780G
insulin pumps, Guardian 3 Link transmitters,
Guardian Sensors 3, Transmitter Docks, and
Accu-Check Guide Link glucometers.
Duality of Interest. The study was supported
by Medtronic (ERP-2019-12000). B.M has re-
ceived speakers honorarium from Ascensia,
Roche, and Medtronic. K.C. has received speakers
honorarium from Abbott and Ascensia. B.K.-W.
has received speakers honorarium from Ascensia.
A.J. has received speakers honorarium from As-
censia, Roche, Medtronic, Novo Nordisk, Eli Lily,
Merck, and Boehringer Ingelheim. T.K. has

received speakers honorarium from Eli Lilly, Sa-
nofi, Novo Nordisk, Ascensia, Abbott, Roche, Med-
tronic, Boehringer Ingelheim, Bioton, and Servier;
served on an advisory panel for Eli Lilly, Sanofi,
Boehringer Ingelheim, Ascensia, and Abbott; and
provided research support for Medtronic. M.T.M.
has received speakers honorarium from Eli Lilly, Sa-
nofi, Novo Nordisk, Ascensia, Abbott, Roche,
Medtronic, Boehringer Ingelheim, Bioton, and
Servier and served on an advisory panel for Eli
Lilly, Sanofi, Boehringer Ingelheim, Ascensia, and
Abbott. J.D.S. and O.C. are employees of Med-
tronic. No other potential conflicts of interest rel-
evant to this article were reported.
Author Contributions. B.M., A.J., B.K.-W.,
K.C., S.K., and T.K. researched data. B.M., K.C.,
and T.K. wrote the manuscript and researched
data. B.M., O.C., J.D.S., M.T.M., and T.K. con-
tributed to the discussion and reviewed and
edited the manuscript. T.K. is the guarantor of
this work and, as such, had full access to all
the data in the study and takes responsibility
for the integrity of the data and the accuracy
of the data analysis.
Prior Presentation. Parts of this study were
presented in poster form and in a lecture at
the 15th International Conference on Advanced
Technologies & Treatments for Diabetes (ATTD
2022), 27–30 April 2022, Barcelona, Spain.

References
1. Foster NC, Beck RW, Miller KM, et al. State of
type 1 diabetes management and outcomes from
the T1D Exchange in 2016-2018. Diabetes Technol
Ther 2019;21:66–72
2. Miller KM, Foster NC, Beck RW, et al.; T1D
Exchange Clinic Network. Current state of type 1
diabetes treatment in the U.S.: updated data from
the T1D Exchange clinic registry. Diabetes Care
2015;38:971–978
3. Charalampopoulos D, Hermann JM, Svensson J,
et al. Exploring variation in glycemic control across
and within eight high-income countries: a cross-
sectional analysis of 64,666 children and adolescents
with type 1 diabetes. Diabetes Care 2018;41:
1180–1187
4. Szadkowska A, Baranowska-Ja�zwiecka A,
Michalak A, et al.; PolPeDiab HbA1c Study Group.
Above 40% of Polish children and young adults
with type 1 diabetes achieve international HbA1c
target - results of a nationwide cross-sectional
evaluation of glycemic control: The PolPeDiab
HbA1c study. Pediatr Diabetes 2021;22:1003–1013
5. Fuchs J, Hovorka R. Closed-loop control in
insulin pumps for type-1 diabetes mellitus: safety
and efficacy. Expert Rev Med Devices 2020;17:
707–720
6. Janez A, Battelino T, Klupa T, et al. Hybrid
closed-loop systems for the treatment of type 1
diabetes: a collaborative, expert group position
statement for clinical use in Central and Eastern
Europe. Diabetes Ther 2021;12:3107–3135
7. MiniMed 780G, advanced hybrid closed loop
system, 2021. Accessed 24 November 2021.
Available from https://www.medtronic-diabetes.
co.uk/insulin-pump-therapy/minimed-780g-system
8. Beato-V�ıbora PI, Gallego-Gamero F, Ambrojo-
L�opez A, Gil-Poch E, Mart�ın-Romo I, Arroyo-D�ıez
FJ. 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;23:609–615

9. 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;
23:857–861
10. 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;24:178–189
11. Da Silva J, Lepore G, Battelino T, et al. Real-
world performance of the MiniMed 780G system:
first report of outcomes from 4120 users. Diabetes
Technol Ther 2021;24:113–119
12. 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;44:969–975
13. Tanenbaum ML, Iturralde E, Hanes SJ, et al.
Trust in hybrid closed loop among people with
diabetes: Perspectives of experienced system users.
J Health Psychol 2020;25:429–438
14. Benioudakis E, Karlafti E, Kalaitzaki A, Kaiafa G,
Savopoulos C, Didangelos T. Technological
developments and quality of life in type 1
diabetes mellitus patients: a review of the modern
insulin analogues, continuous glucose monitoring
and insulin pump therapy. Curr Diabetes Rev
2022;18:e031121197657
15. Haynes E, Ley M, Talbot P, Dunbar M,
Cummings E. Insulin pump therapy improves
quality of life of young patients with type 1
diabetes enrolled in a government-funded insulin
pump program: a qualitative study. Can J Diabetes
2021;45:395–402
16. Pickup JC, Harris A. Assessing quality of life
for new diabetes treatments and technologies: a
simple patient-centered score. J Diabetes Sci
Technol 2007;1:394–399
17. Phillip M, Battelino T. The improvement in
quality of life and life expectancy of people with
diabetes increasingly depends on the success of
innovative people in academia and industry to
develop new technologies. Preface. Int J Clin
Pract Suppl 2012;175:1
18. Al Shaikh A, Al Zahrani AM, Qari YH, et al.
Quality of life in children with diabetes treated
with insulin pump compared with multiple daily
injections in tertiary care center. Clin Med Insights
Endocrinol Diabetes 2020;13:1179551420959077
19. Benioudakis ES, Georgiou ED, Barouxi ED,
et al. The diabetes quality of life brief clinical
inventory in combination with the management
strategies in type 1 diabetes mellitus with or
without the use of insulin pump. Diabetol Int
2020;12:217–228
20. Speight J, Woodcock AJ, Reaney MD, et al.
The ‘QoL-Q diabetes’: a novel instrument to
assess quality of life for adults with type 1
diabetes undergoing complex interventions
including transplantation. Diabet Med 2010;
27(Suppl. 1):3–4
21. Cordero TL, Garg SK, Brazg R, et al. The effect
of prior continuous glucose monitoring use on
glycemic outcomes in the pivotal trial of the
MiniMed 670G hybrid closed-loop system. Diabetes
Technol Ther 2017;19:749–752
22. Beck RW, Riddlesworth T, Ruedy K, et al.;
DIAMOND Study Group. Effect of continuous

2634 AHCL in People With T1DM Naive to Technology Diabetes Care Volume 45, November 2022

https://www.medtronic-diabetes.co.uk/insulin-pump-therapy/minimed-780g-system
https://www.medtronic-diabetes.co.uk/insulin-pump-therapy/minimed-780g-system


glucose monitoring on glycemic control in adults
with type 1 diabetes using insulin injections: the
DIAMOND randomized clinical trial. JAMA 2017;
317:371–378
23. Schoelwer MJ, Kanapka LG, Wadwa RP,
et al.; iDCL Trial Research Group. Predictors of
time-in-range (70-180mg/dL) achieved using a
closed-loop control system. Diabetes Technol Ther
2021;23:475–481
24. Bronner MB, Peeters MAC, Sattoe JNT, van
Staa A. The impact of type 1 diabetes on young
adults’ health-related quality of life. Health Qual
Life Outcomes 2020;18:137
25. Winkley K, Upsher R, Stahl D, et al. Psychological
interventions to improve self-management of type 1

and type 2 diabetes: a systematic review. Health
Technol Assess 2020;24:1–232
26. Petrovski G, Al Khalaf F, Campbell J, et al.
Successful transitioning children and adolescents
with type 1 diabetes frommultiple daily injections
to advanced hybrid closed-loop system in 10 days:
a prospective intervention study on MiniMed
780G system. Acta Diabetol 2022;59:743–746
27. Miller KM, Beck RW, Foster NC, Maahs DM.
HbA1c levels in type 1 diabetes from early
childhood to older adults: a deeper dive into
the influence of technology and socioeconomic
status on HbA1c in the T1D Exchange Clinic
Registry findings. Diabetes Technol Ther 2020;22:
645–650

28. Yazidi M, El Felah E, Oueslati I, et al.
Assessment of quality of life in adult type 1
diabetic patients. Tunis Med 2020;98:861–
868
29. Hargittay C, Gonda X, M�arkus B et al. The
relationship between anxiety and diabetes. Orv
Hetil 2021;162:1226–1232 [in Hungarian]
30. Bystritsky A, Danial J, Kronemyer D. Inter-
actions between diabetes and anxiety and
depression: implications for treatment. Endo-
crinol Metab Clin North Am 2014;43:269–
283
31. Iturralde E, Rausch JR,Weissberg-Benchell J,
Hood KK. Diabetes-related emotional distress over
time. Pediatrics 2019;143:e20183011

diabetesjournals.org/care Matejko and Associates 2635

https://diabetesjournals.org/care

