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Abstract

Background Advanced hybrid closed loop (AHCL) system provides both automated basal rate and correction
boluses to keep glycemic values in a target range.

Objectives To evaluate the real-world performance of the MiniMed™ 780G system among different age groups of
Egyptian patients with type 1diabetes.

Methods One-hundred seven AHCL system users aged from 3 to 71 years were enrolled. Data uploaded by patients
were aggregated and analyzed. The mean glucose management indicator (GMI), percentage of time spent within
glycemic ranges (TIR), time below range (TBR) and time above range (TAR) were determined.

Results Six months after initiating Auto Mode, patients spent a mean of 85.31+22.04% of the time in Auto Mode
(SmartGuard) and achieved a mean GMI of 6.95 +0.58% compared with 7.9+ 2.1% before AHCL initiation (p <0.001).
TIR 70-180 mg/dL was increased post-AHCL initiation from 63.48 +10.14% to 81.54+8.43% (p <0.001) while TAR
180-250 mg/dL, TAR>250 mg/dL, TBR <70 mg/dL and TBR < 54 mg/dL were significantly decreased (p <0.001). After
initiating AHCL, TIR was greater in children and adults compared with adolescents (82.29+7.22% and 83.86+9.24%
versus 78.4 +7.34%, respectively; p < 0.05). The total daily dose of insulin was increased in all age groups primarily due
to increased system-initiated insulin delivery including auto correction boluses and basal insulin.

Conclusions MiniMed" 780G system users across different age groups achieved international consensus-
recommended glycemic control with no serious adverse effects even in challenging age group as children and
adolescents.

Keywords Type 1 Diabetes, Automated insulin delivery (AID), Advanced hybrid closed loop (AHCL), Minimed™ 780,
Glucose management indicator, Time in range (TIR)
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Introduction

The lifelong goal of diabetes care is the early maintenance
of glucose levels as close to normal as possible during the
course of the disease and thus, delaying or possibly pre-
venting devastating long-term diabetes complications [1].

The development of automated insulin delivery (AID)
systems, have recently become an integral part of dia-
betes management. These advanced hybrid closed loop
(AHCL) systems utilize an algorithm that automatically
adjusts insulin delivery via an insulin pump based on
real-time sensor glucose levels [2]. Currently, the Min-
iMed 780G system is the most advanced insulin pump
system approved for the treatment of people with type 1
diabetes mellitus (T1DM) aged from 7 to 80 years. The
system enables the personalization of glucose goals with
an adjustable target setting as low as 100 mg/dL (5.5
mmol/L) [3]. The advanced SmartGuard algorithm in the
MiniMed 780G system automates and personalizes the
delivery of basal insulin by adjusting every five minutes,
24 h a day. This latest system also includes an advanced
algorithm that automatically corrects highs every five
minutes through autocorrection dosing, in addition to
protecting against lows [4, 5].

Previous studies on 780G system showed a reduction in
the variability of the outcomes achieved across different
countries and across different age groups [4, 6]. Recent
research has analyzed AHCL systems in kids and teens
in different settings and indicated increased time in goal
range [7-11]. The algorithm was also safe and performed
well in adults in supervised settings and even for toddlers
[12, 13].

Continuous glucose monitoring (CGM) systems have
recently moved beyond mere blood glucose monitoring
by providing both real-time and predictive glycemic data.
CGM devices provide a broad spectrum of additional glu-
cose management metrics, including proportions of time
in range (TIR), time below range (TBR), time above range
(TAR), and glucose variability (GV), that are at hand to
person with diabetes and their health-care providers for
individualizing the diabetes management and for making
real-time treatment modifications [14].

Optimizing glycemic control for preschool children
with T1DM and in the first months after onset is cru-
cial for their future, both with respect to acute and
long-time diabetes complications [15]. Furthermore,
puberty-related physiological and hormonal changes that
affect insulin action and insulin requirements, as well as
a variety of behavioral factors is thought to contribute to
under performances in youth with TIDM [16]. Cardio-
vascular disease (CVD) is the leading cause of morbid-
ity and mortality in adults with T1DM, and increasing
evidence demonstrates that CVD develops in childhood
[17]. Moreover, meeting hemoglobin Alc (HbAlc) tar-
gets appears to be difficult, as only 10-15% of individuals
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diagnosed with T1DM before the age of 18 had an HbAlc
within the target range in early adulthood [18]. For all
these reasons, it is necessary to achieve and maintain
stringent glycemic control in a safe way in all age groups
living with diabetes.

Age-specific challenges to address in automated sys-
tems include the small insulin doses needed, often well
below 10 U per day [19], the large difference in physi-
ological insulin needs in different parts of the day, sig-
nificant day-to-day variation in insulin needs and safety
concerns to avoid accidental insulin dosing [20]. Includ-
ing all age groups in clinical studies for diabetes technol-
ogy development will ensure that these systems are better
able to support the needs of all people living with TIDM.
In addition to testing AHCL systems across a wide age
spectrum, it is also important to ensure that these sys-
tems can be accessed by people with T1DM regardless of
their prior therapy. Therefore, the aim of this real-world
study was to evaluate the performance of the MiniMed™
780G system among Egyptian patients with TIDM under
free-living conditions as regards glycemic control and
safety outcomes across different age groups. To the best
of our knowledge, no previous studies assessed this sys-
tem in African countries /MENA region among children,
adolescents and adult patients with T1IDM. So, the pre-
liminary performance of the system in real-world settings
was evaluated and analyzed.

Materials and methods

This is a prospective, single-arm and open-label study
where patients with TIDM were defined according to
International Society for Pediatric and Adolescent Diabe-
tes (ISPAD) guidelines [21]. Insulin Aspart (NovoRapid®,
Novo Nordisk, Copenhagen, Denmark) was used in all
patients on AHCL system. One-hundred seven Egyptian
patients with TIDM aged from 3 to 71 years switching
to AHCL system were enrolled and evaluated for Min-
iMed™ 780G system. Each patient or their legal guardians
provided consent before participation for their data to
be aggregated. Institutional review board (IRB) approval
was obtained. Reporting of the study conforms to Con-
solidated Standards of Reporting Trials 2010 statement
[22].

Data uploaded by MiniMed™ 780G system users to
CareLink™ personal software over 6 months were ana-
lyzed to identify baseline, demographic and system use
characteristics after initiating AHCL system. Two time
periods were considered; the period before Auto-mode
initiation of AHCL system was enabled for the first time
(pre-AHCL) and the period after Auto-mode initiation
of AHCL system was enabled for the first time (post-
AHCL). Baseline sensor glucose (SG) data in this analysis
refer to pre-AHCL SG outcomes. As described in several
publications, only patients with >14 days of SG data were
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used to determine CGM-derived metrics [6, 23, 24]. All
available data were included, irrespective of whether the
system was in AHCL control or in open-loop (i.e. follow-
ing an AHCL exit triggered by either the system or the
user).

CGM derived glycemic metrics which includes the
mean percentage of TIR between 70 and 180 mg/dL
(3.9-10.0 mmol/L), TAR>180 mg/dL (>10.0 mmol/L)
and >250 mg/dL (>13.9 mmol/L) as well as TBR 70 mg/
dL (3.9 mmol/L) and 54 mg/dL (3.0 mmol/L) were deter-
mined for the overall 24-hour day. The mean SG lev-
els, coefficient of variation (CoV) and GMI were also
assessed, as well as the sensor use, percentage of time
spent in AHCL, number of self-monitored blood glucose
(SMBG) measurements, insulin delivery patterns, and
the system settings (i.e., glucose target and active insu-
lin time (AIT) and insulin consumed in users with 14 or
more days of SG data before and after initial Auto mode
start were determined. Baseline and follow-up visits were
carried out; data were downloaded at each visit. Sys-
tem settings post-AHCL were identified in different age
groups and their impact on TIR, TAR, TBR, post-AHCL
was explored. All participants were asked to announce
meals, calculate carbohydrate amounts and pre-bolus
before meals.

The primary outcome was the mean percentage of
time (TIR) with glucose level between 70 and 180 mg/dL
(3.9-10.0 mmol/L) post-AHCL initiation. The secondary
outcomes were the mean percentage of mean SG, GMI,
CoV, TAR and TBR. Safety endpoints were the number of
severe hypoglycemia or diabetic ketoacidosis (DKA).

Statistical analysis

Analysis of data was done using Statistical Program for
Social Science (IBM SPSS) version 27 (IBM Corporation,
Armonk, NY, USA). Kolmogrov-Smirnov test was used
to examine the normal distribution of variables. Quanti-
tative variables were described in the form of mean and
standard deviation. Qualitative variables were described
as number and percent. Comparison of parametric quan-
titative variables between two groups was done using
Student ¢-test. In order to compare quantitative paramet-
ric variables between the three age groups, one way Anal-
ysis of Variance (ANOVA) followed by post hoc analysis
using Least significant difference (LSD) test were used.
Qualitative variables were compared using Chi-square
(X?) test or Fischer’s exact test when frequencies were
below five. A p value<0.05 was considered significant in
all analyses.

Results

Baseline clinical characteristics of the studied population
This study included T1IDM 780G™ AHCL system users
(n=107) living in Egypt who had>14 days of SG data
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both pre- and post-AHCL. Their ages ranged from 3 to
71 years (51 males and 56 females) with median (IQR)
diabetes duration 5 (1.5-10) years; 79 (73.8%) patients
used multiple daily injections and 28 (26.2%) patients
used open loop insulin pump (sensor augmented pump-
predictive low glucose management [SAP-PLGM]). The
study population was further divided into three groups
according to age; patients with age ranged from 11 to
18 years (n=66) with median (IQR) 14.5 (12-16) years
including 35 (53%) males, patients>18 years (n=20) with
median (IQR) 30.5 (29-42) years including 16 (61.5%)
males and patients<11l years (n=21) with a median
(IQR) 7 (4-8.5) years including 11 (52.4%) males. The lat-
ter group included 8 patients<7 years with a median age
4.8 years (range, 3—6 years).

Impact of initiating AHCL on glycemic control (MiniMed™
780G system usability performance) among all users
MiniMed™ 780G users were observed during the study
period and the average set and reservoir change was
3.711.4 days and 3.1+0.6 days, respectively. During this
time, mean sensor wear increased from 80.721+29.17%
to be 85.94119.0% post-AHCL initiation (p=0.009).
Patients spent a mean of 85.31+£22.04% of the time
in Auto Mode (SmartGuard). The number of SMBG
measurements decreased from 3.03+1.6 to 2.85+1.02
from pre- to post-AHCL initiation but non-significant
(p=0.052). There was 1.0£0.8 AHCL exits per week,
including 0.410.3 triggered by the system and 0.5+0.4
triggered by the users.

Six months after initiating Auto Mode, average SG
improved significantly in all users from 183+20.3 mg/
dL to 151.7+16.9 mg/dL (p<0.001). Patients achieved a
mean GMI of 6.95+0.58% after AHCL initiation com-
pared with 7.9+2.1% before Auto-mode initiation
(p<0.001). The CoV% decreased from 58.9 to 34.1% post
-AHCL (p<0.001).

It was found that TIR 70-180 mg/dL was increased
post-AHCL  initiation from  63.48+10.14% to
81.54+8.43% (p<0.001) with a mean TIR increment by
28.4%. The TAR 180-250 mg/dL was decreased from
17.48+7.39% to 13.1716.15% and TAR>250 mg/dL
also decreased from 11.51+10.80% to 2.56+1.21% with
a mean reduction of TAR 180-250 mg/dL by 24.5%
and TAR>250 mg/dL by 67.9% throughout the follow-
up. The TBR<70 mg/dL decreased from 5.58+3.14%
to 2.19%£1.11%% and TBR<54 mg/dL decreased from
1.95+1.68% to 0.54£0.31% after initiating AHCL when
compared with pre-AHCL initiation (p<0.001 for all;
Fig. 1).

The mean total daily dose (TDD) of insulin increased
in all users from 32.41+10.59 units/day pre-AHCL ini-
tiation to 35.171+11.42 units/day post-AHCL (p=0.002).
This increase was mainly driven by auto corrections that
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Before Auto mode

After Auto mode

Fig. 1 MiniMed™ 780G AHCL system performance showing glucose control before and after Auto-mode initiation among all patients with type 1 diabe-
tes. Glucose values are shown as percentage spent in ranges. TBR: time below range; TIR: Time in range; TAR: Time above range

accounted for 6.53+3.13 units of insulin per day, repre-
senting 18.9% of TDD and 33.9% of total boluses together
with system-initiated basal insulin delivery representing
45.3% of TDD. Both automated basal rate and correction
boluses kept glycemic values in a target range.

MiniMed™ 780G system performance among different age
groups

As shown in Table 1, after initiating AHCL, all users
achieved the glycemic treatment goals of GMI<7.0%
(6.73£0.40% for children and 6.71+0.54% for adults ver-
sus 7.0+£0.58% in adolescents, p=0.005). TIR 70—-180 mg/
dL was increased in all age groups post-AHCL com-
pared with pre-AHCL. TIR 70-180 mg/dL was greater
in children and adults compared with adolescents
(82.29£7.22% and 83.86%+9.24% versus 78.4%7.34%,
respectively; p=0.010). The glucose target of 100 mg/dL
(5.6 mmol/L) and an AIT of 2 h were set for both ado-
lescents and adults while the glucose target 120 mg/dL
(6.7 mmol/L) and AIT of 3 h were set for children during

the study period. No difference in TIR among different
age groups was observed between patients who were on
multiple daily injections (MDI) versus open loop insulin
pump before AHCL.

Dietary consumption (meals) or daily carbohydrate during
study period

Meals and snacks were chosen by participants and were
not restricted post-AHCL initiation. This was reflected in
the average daily carbohydrates consumption estimates
of 132.6+31.1 gr/day, 196.1£39.3 gr/day and 150.4+34.5
gr/day in children, adolescents and adults, respectively;
p<0.001 (Table 1). Strengthening of insulin to carb ratio
(ICR) was observed post- AHCL initiation reaching
11.1£2.9 compared with 16.7+3.7 pre-AHCL initiation
(p<0.001).

Insulin delivery during AHCL
Insulin requirements varied widely among different age
groups, with TDD in the cohort of children<11 years as
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Table 1 MiniMed™ 780G system settings, usability, and glucometrics among different age groups of patients with T1DM after Auto-

mode initiation of AHCL system

Variable All users <11 years 11-18 years >18years Overallp p1 p2 p3
(n=107) (n=21) (n=66) (n=20) between
3 age
groups

BG calibration (n/day) 2.85+1.02 2.84+048 295+1.10 281+1.13 0.865
Average SG (mg/dL) 151.74+1687 146.00+1244 15531+17.74 14514+13.68 0.037 0.162 0904 0017
GMI (eA1C %) 6.95+0.58 6.73+040 7.0+0.58 6.71+0.54 0.005 0.031 0.992 0.024
GMI (eA1C mmol/mol) 526+7.5 504+74 553+79 501+73 0.006 0033 0991  0.025
CoV (%) 341+£83 352487 389498 32.7+8.1 0.023 0.256 0.667 0.028
TIR 70-180 mg/dL (%) 81.54+843 82.29+7.22 784+7.34 83.86+9.24 0.010 0113 0791 0018
TBR <70 mg/dL (%) 219+1.11 329+1.50 1.884+0.91 1.86+0.98 <0.001 <0.001 <0.001 0.995
TBR <54 mg/dL (%) 0.54+0.31 1.00+0.69 0.29+0.11 0.18+0.09 <0.001 <0.001 <0.001 0.366
TAR 180-250 mg/dL (%) 13.17+6.15 1271472 13.95+6.12 11.6+6.55 0332
TAR>250 mg/dL (%) 256+1.21 0.71+0.50 548+2.22 250+1.32 0.075
Total daily dose (U/day) 3517+£1142  1224+479 4794+£10.72 4535+1282 <0.001 <0.001 <0.001 0.588
Bolus amount (U/day) 19.22+£876  823+2.21 32141946  2494+844  <0.001 <0.001 <0.001 0.003
Auto correction amount (day) 6.53+3.13 1.64+0.32 7.07£3.17 548+2.86 <0.001 <0.001 <0.001 0.070
Auto Basal/Basal amount (day) 15.95+7.93 4014195 1580+6.11 20.41+8.98 <0.001 <0.001 <0.001 0.012
Smart Gaurd /week Auto Mode (%) 853142204 885742346 827142249 87.18+22.17 0507
Glucose target, n (%)

100 mg dL (5.6 mmol/ L) 70 (65.4) 0(0) 53(80.3) 17 (85.0) <0.001 <0001 <0.001 089

110 mg dL (6.1 mmol/ L) 23 (21.5) 7(333) 13(19.7) 3(15.0)

120 mg dL (6.7 mmol/ L) 14 (13.1) 14 (66.7) 0(0) 0(0)
Sensor wear (%) 8594+1900 90.71+2434 8250+21.24 8604+1790 0298
Active insulin time, n (%)

2h 72 (67.3) 2(9.5) 55(83.3) 15 (75.0) <0.001 <0001 <0.001 0401

>2to3h 27 (25.23) 11 (524) 11(16.7) 5(25.0)

>3to4h 6(5.61) 6(28.6) 0(0) 0(0)

>4h 2(1.86) 2(9.5) 0(0) 0(0)
Carbohydrates (gr/day) 162+33.2 1326 £31.1 196.1+£39.3 1504 £ 34.5 <0.001 <0.001 <0.001 <0.001
ICR (g 11.1+£29 16.6+3.1 64+2.1 73+25 <0.001 <0.001 <0.001 0.309
Exit from AHCL per patient (n/week) 1.0+0.8 1+0.5 20+09 1+06 <0.001 <0001 0715 <0.001

T1DM: type 1 diabetes mellitus; AHCL: Advanced Hybrid Closed Loop System; BG: blood glucose; SG: sensor glucose; GMI: Glucose management indicator; eA1C:
estimated A1C; CoV: coefficient of variation; TIR: time in range; TBR: time below range; TAR: time above range; ICR: insulin to carb ratio

P1: Comparison between T1DM patients< 11 years and 11-18 years
P2: Comparison between T1IDM patients< 11 years and > 18 years

P3: Comparison between T1DM patients 11-18 years and > 18 years

low as 12.24+4.79 units/day compared with high TDD
47.94+10.72 units/day and 45.35%12.82 units/day in
adolescents and adults, respectively (p<0.001). For all
age groups, the bolus amount per day, auto correction
amount per day, auto basal/basal amount per day tended
to increase during AHCL period (Table 1). This was true
regardless of whether modality of insulin delivery before
AHCL initiation.

Safety outcomes

There were no serious adverse events among all the stud-
ied age groups, and the full AHCL period was completed
for all participants with no episodes of severe hypogly-
cemia or DKA. Skin irritations related to sensor use
occurred in five participants and resolved by local cream.

Discussion

This study was designed to be broadly inclusive to the
vast majority of T1DM population which represents
unique challenges present at various life stages. Both
prior published evidence and our findings suggest that
some of the hurdles on the way to normoglycemia could
be addressed by the new automated Medtronic system.
Our results revealed that the use of MiniMed™ 780G
AHCL system led to the improvement in TIR in all users
and all age subgroups regardless of baseline HbAlc. This
originated mostly from hyperglycemia and hypoglycemia
reduction by the greatest percent likely due to automated
basal insulin adjustments during the whole day and the
hourly automatic correction boluses, which correct
hyperglycemia during the day in apparent compensation
for missed or incorrect meal boluses.
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In this study, a significant reduction of the glucose
variability and of HbAlc was noted. The use of this two-
factor glycemic control assessment provides a more
comprehensive picture of glycemia with CGM-derived
metrics [4, 25-27]. Thus, the findings of this study dem-
onstrated that Auto Mode allows a greater number of
individuals with diabetes to achieve ADA and interna-
tional consensus-recommended glycemic goal and all
target percentages were on the average within the rec-
ommended ranges by literature consensus and no severe
hypoglycemia or DKA episodes were recorded.

More specifically, we found that in the generally
well-controlled adult group, the algorithm was able to
significantly increase TIR and also reduce time in hypo-
glycemia<70 mg/dL to below 2%. This percent time in
hypoglycemia falls well below the recommendations for
clinical targets recently set by an International Consensus
Group [28] of 4%. This improvement was achieved while
maintaining the mean glucose concentration at 145 mg/
dL.

In comparison, children usually spend nearly half of the
overnight hours during standard therapy with sensor glu-
cose readings>180 mg/dL. Parents of children are often
fearful of hypoglycemia and may permit hyperglycemia
to allay worries of dangerous low glucose levels, espe-
cially overnight. Parental fear may be precluding these
children from achieving target glucose levels [29-31].
Previous research showed that HCL systems achieve the
greatest TIR overnight when algorithms do not need to
contend with food intake and physical activity [32].

Of note, we found that metabolic control was optimal
(TIR>78.4%), without increasing hypoglycemia, when
AHCL settings were stricter (glucose target for SG level
of 100 mg/dL (5.6 mmol/L) and an AIT of 2 h. Teenag-
ers showed good technology adherence with optimal TIR
maintained better over time.

AIT in our patients was set at 2 h with a target glu-
cose level of 100 mg/dL for adolescents and adults and
the autocorrect function activated. Using similar set-
tings, Beato-Vibora et al. [33] used AHCL MiniMed™
780G system and found these settings were not reflected
by a significant increase in the proportion of time spent
in hypoglycemia. The recommended target of 100 mg/
dL is also proposed for the majority of users, while a less
strict target of 110 mg/dl is recommended when age is
<15 years or when concerned about exacerbation of reti-
nopathy if glucose levels are reduced rapidly and in case
of hypoglycemia anxiety [34].

In the current study and in the study conducted by
Beato-Vibora et al. [33], switching to the MiniMed™ 780G
system was associated with an increase in the frequency
of sensor use, possibly motivated by the AHCL system’s
ability to respond to hyperglycemia when the CGM signal
is available. Importantly, in both studies by Beato-Vibora
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et al. [33] and Seget et al. [35], sensor-augmented pump
with low-glucose suspend (SAP-LGS) or predictive low-
glucose suspend (SAP-PLGS) was used before switching
to the MiniMed™ 780G system.

Report of real-world MiniMed 670G system use in
Europe demonstrated substantial benefits for diabetes
management regardless of baseline glycemic control (i.e.,
a GMI level of <7.0% versus >8.0%) [25]. This was also
found in a more recent study by Lepore et al. [36] where
switching to an AHCL MiniMed™ 780G system lead to a
rapid improvement in glycemic control lasting for up to
six months independently of previous insulin treatment
and baseline conditions. In another study, AHCL initia-
tion in adults with T1DM naive to CSII and CGM tech-
nologies significantly and safely improved their glycemic
control. Time spent with glucose levels in target range
increased from 69.31+12.3% at baseline to 85.0+6.3% at
3 months in the AHCL group while remained unchanged
in the MDI+BGM group [37].

Within our cohort, the improvement in the glycemic
control of our patients was associated with an increase
in TDD from 32.41+10.59 units/day pre-AHCL initia-
tion to 35.17+11.42 units/day post-AHCL (p=0.002) in
all users. This increase was mainly driven by auto cor-
rections representing 18.5% of TDD and 33.9% of total
boluses. Both automated basal rate and correction
boluses kept glycemic values in a target range. This was
comparable to other studies using the same AHCL sys-
tem [26, 33, 38]. In a one year prospective observational
study after starting AHCL, there was a slight increase in
TDD per kg of body weight, but the percent of basal insu-
lin was unchanged [39].

In line with our findings, Da Silva et al. [ 6 | showed
that the use of the 780G system in their patients was
associated with a significant increase in TDD, which
was probably associated with a lower degree of glyce-
mic control at the baseline (mean glucose concentration
162.2 mg/dL, GMI 7.2% and 63.4% of time spent in the
target range). This is in contrast to another study [35]
where patients had better glycemic control at baseline
and did not require an increase in TDD. This observa-
tion is worth emphasizing, given that the maintenance of
TDD at the lowest possible level is important in prevent-
ing cardiovascular complications [17].

Petrovski et al. [38] reported that ICR modifications,
automated bolus correction in addition to automated
basal insulin delivery, as well as optimizing glucose tar-
get and AIT, effectively distributed the insulin delivery
according to patients’ individual requirements, result-
ing in better glycemic outcome with minimal increase in
TDD.

The real-world performance of the MiniMed™ 670G
system in Europe [25] showed that users with baseline
GMI of more than 8.0% had a significant increase in their
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TDD by 25.1% and their percentage of basal insulin deliv-
ered was increased by 19.1% after Auto Mode initiation.
In contrast, basal insulin was reduced by 3.9% for the
groups with a baseline GMI<7.0%. Thus, real-world anal-
yses [6, 25] and our study revealed a significant role for
bolus insulin delivered, alongside automated basal insulin
delivery to maintain baseline GMI<7.0%.

During open-loop use (pre-AHCL), it is well-known in
youth to lower basal rate settings (40.1% of TDD) com-
pared with older individuals (48.3% of TDD) [40]. This
practice has been attributed to the aim of lowering hypo-
glycemia risk in pediatric TIDM and compensating with
more frequent meal and correction boluses. In the study
of Arrieta et al. [40], following AHCL initiation, both
youth and adults cohorts were closer to a 1:1 ratio, with
system-initiated insulin delivery in the younger group
mirroring that in adults (53.5% and 57.6%) driven by the
algorithm with approximately the same amount of auto
correction bolus as a percentage of all boluses (22.0% and
21.9%, respectively). These results are similar to those
reported for the system in Collyns et al. [5] (25.1%) and
Carlson et al. [4] (22.0%), yet substantially less than that
observed in the FLAIR trial [26] (36%). However, direct
comparison between these studies is limited because of
differences in participants’ ages [40]. The amount of auto-
mated bolus per day highlights behavioral issues that
prevent the best glycemic outcomes. These issues may
include failure to bolus before meals or omitting meal
boluses entirely. Ideally, the percentage of automated cor-
rection boluses should be in the low to-mid 20% range
[40]. Recently, it has been shown that adolescents using
the MiniMed™ 780G system with a preset of three per-
sonalized fixed carbohydrate amounts can reach interna-
tional targets of glycemic control. Therefore, it may be a
valuable alternative to precise carbohydrate counting in
MiniMed™ 780G users who are challenged by it [41].

In our study, TIR 70-180 mg/dL was increased post-
AHCL in all age subgroups and was greater in children
and adults compared with adolescents. All users across
different ages achieved the glycemic treatment goals of
GMI<7.08%. Our current results indicated improvement
in glycemic control even in toddlers and preschoolers on
MiniMed™ 780G AHCL system.

In screening variables for statistical associations with
higher TIR, several demographic factors were noted as
important; increase in age was associated with a 2.5%
points increase in TIR for users aged>55 years versus
those aged <15 years, and male users had on average 0.9%
higher TIR relative to female users. Although the changes
were statistically significant, the overall outcomes across
all ages and genders were well within the recommended
guidelines [28] and the traditional gap in control in the
younger versus older population [18, 42] is diminished
with the AHCL system [40].
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The differences in the age structures and models of
insulin therapy of the analyzed patients are worth empha-
sizing, given that according to literature, achieving the
ISPAD/ADA glycemic targets in the pediatric population
could be much more challenging than in adults [43]. The
use of AHCL in infants, toddlers and preschool children
is still largely restricted to clinical trials. To date, only a
few small studies have evaluated closed-loop systems in
children younger than the age of 6 years [12, 44—46].

Notably, the evidence from clinical trials suggests that
AHCL with AID can increase TIR, especially overnight,
among very young children [44]. It has been reported
that MiniMed™ 670G system use for 3 months by chil-
dren 2-6 years of age versus open-loop therapy for 2
weeks was safe and helped to improve glycemic control,
similar to use observed in older cohorts with TIDM
[45]. Similarly, one randomized controlled crossover trial
compared closed-loop with standard open-loop insulin
pump therapy only from 10 pm to 12 pm on two con-
secutive days at an inpatient clinical research center. A
trend toward a higher overnight TIR (70-200 mg/dL) in
the closed-loop group has been shown, although this was
not significant [46].

Recently, Pulkeinee et al. [12] has evaluated the safety
and impact of MiniMed 780G™ system on glycemic out-
come in 2 to 6 years old children with T1IDM and showed
that AHCL use was associated with improvements in gly-
cemic control.

Another study reported a case of a 9 years old boy who
started using MiniMed ™ 780G with a TDD of 8.5 units
that has dropped down to 5.7 units, with Auto Mode
still running almost 100% of the time [47]. Furthermore,
Tornese et al. [13] conducted a retrospective analysis of
all children<7 years of age with TIDM who were on the
Medtronic MiniMed™ 780G system for at least 6 months
with SmartGuard feature (Auto Mode). They reported
that the use of this AHCL system is safe also with a TDD
of insulin<8 units and soon after diagnosis. The authors
concluded that MiniMed™ 780G AHCL system should be
considered a good therapeutic option for children age<7
years from the onset of T1DM, also with a total insulin
daily dose <8 units, as with low body weights and in the
remission phase. Our results further supported the above
mentioned data and the idea that there should be no age
limitations on who has access to this technology. Because
they have previously met the suggested HbAlc targets
or because their HbAlc levels are high, potential users
should not be disqualified.

Strengths and at the same time possible limitations of
this study are the broad age-range of the sample, going
from toddlers and school-aged children to adults as well
as the heterogeneity of previous therapeutic schemes.
However, the real-life clinical practice setting is an
important strength of our study. Another limitation of
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this study is the small number of enrolled patients, and
the lack of a control arm and therefore, these findings
need to be confirmed in larger multicenter studies with
extended follow-up.

In conclusion, MiniMed™ 780G system users in real-
world conditions across different age groups achieved
international consensus-recommended glycemic control
with no serious adverse effects. Children and adolescents
with T1DM using the MiniMed™ 780G system achieved
glycemic targets mirroring the achievements of the adult
population using the system while maintaining safety
from hypoglycemia or DKA. Thus, it is apparent that
more stringent glycemic control is obtainable for a broad
age range of individuals with T1DM, with time spent
below range remaining within the recommended safe
threshold. This provides a compelling case for increasing
access to these systems to people with T1DM in all age
groups. The findings from this analysis will potentially
guide the optimal use of the MiniMed™ 780G system and
facilitate meaningful improvements in safe glycemic con-
trol. Larger clinical trials of longer duration are required
to expand on experience with this system for different
age groups.

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/513098-023-01184-w.

Supplementary Material 1
Supplementary Material 2

Supplementary Material 3

Acknowledgements
The authors thank all the participants and their families for their collaboration
during the study.

Author contributions

NE designed, conducted data collection, analyzed data, drafted , and wrote
the manuscript. El designed, conducted data collection, analyzed data, drafted
and wrote the manuscript. All authors participated in the decision to publish
this manuscript and all were involved in drafting, reviewing and revising the
outline and subsequent full draft of the manuscript.

Funding

This research did not receive any specific grant from funding agencies in the
public, commercial, or not-for-profit sectors.

Open access funding provided by The Science, Technology & Innovation
Funding Authority (STDF) in cooperation with The Egyptian Knowledge Bank
(EKB).

Data Availability

The data that support the findings of this study are available from the
corresponding author upon reasonable request.

Declarations

Conflict of interest
Authors declare no competing interests.

(2023) 15:205

Page 8 of 9

Ethical approval

The study protocol was approved by Ain Shams University, Faculty of
Medicine ethics committee and the study conforms to recognized standards.
An informed consent was obtained from each patient or their legal guardians
before participation with consent to participate and consent to publish data.

Received: 28 July 2023 / Accepted: 8 October 2023
Published online: 17 October 2023

References

1. Lind M, Svensson AM, Kosiborod M, Gudbjornsdottir S, Pivodic A, Wedel H,
Dahlgvist S, Clements M, Rosengren A. Glycemic control and excess mortality
in type 1 Diabetes. N Engl J Med. 2014;371(21):1972-82.

2. Phillip M, Nimri R, Bergenstal RM, Barnard-Kelly K, Danne T, Hovorka R, et al.
Consensus recommendations for the Use of Automated insulin Delivery
technologies in clinical practice. Endocr Rev. 2023;44(2):254-80.

3. 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.

4. Carlson AL, Sherr JL, Shulman DI, Garg SK, Pop-Busui R, Bode BW, 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):178-89.

5. Collyns OJ, Meier RA, Betts ZL, Chan DSH, Frampton C, Frewen CM, 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;44:969-75.

6.  SilvaJD, Lepore G, Battelino T, Arrieta A, Castafieda J, Grossman B,

Shin J, Cohen O. Real-world performance of the MiniMed™ 780G Sys-
tem: First Report of outcomes from 4120 users. Diabetes Technol Ther.
2022;24(2):113-9.

7. Tauschmann M, Allen JM, Nagl K, Fritsch M, Yong J, Metcalfe E, et al.

Home use of day and-night hybrid closed-loop insulin delivery in very
young children: a multicenter, 3-week, randomized trial. Diabetes Care.
2019;42:594-600.

8. Forlenza GP, Pinhas-Hamiel O, Liljenquist DR, Shulman DI, Bailey TS, Bode BW,
et al. Safety evaluation of the MiniMed 670G system in children 7-13 years of
age with type 1 Diabetes. Diabetes Technol Ther. 2019;21:11-9.

9. Forlenza GP, Cameron FM, Ly TT, Lam D, Howsmon DP, Baysal N, et al. Fully
closed-loop multiple model probabilistic predictive controller artificial pan-
creas performance in adolescents and adults in a supervised hotel setting.
Diabetes Technol Ther. 2018;20:335-43.

10.  Breton MD, Chernavvsky DR, Forlenza GP, DeBoer MD, Robic J, Wadwa RP, et
al. Closed loop control during intense prolonged outdoor exercise in ado-
lescents with type 1 Diabetes: the artificial pancreas ski study. Diabetes Care.
2017;40:1644-50.

11. Forlenza GP, Ekhlaspour L, Breton M, Maahs DM, Wadwa RP, DeBoer M, et al.
Successful at home use of the tandem control-IQ Artificial pancreas system in
young children during a randomized controlled trial. Diabetes Technol Ther.
2019;21:159-69.

12. Pulkkinen MA, Varimo TJ, Hakonen ET, Harsunen MH, Hyvénen ME, Janér JN,
Kiiveri SM, Laakkonen HM, Laakso SM, Wehkalampi K, Hero MT, Miettinen PJ,
Tuomaala AK. MiniMed 780G™ in 2- to 6-Year-old children: Safety and Clinical
outcomes after the First 12 weeks. Diabetes Technol Ther. 2023;25(2):100-7.

13. Tornese G, Carletti C, Lanzetta MA, Tamaro G, Barbi E, Faleschini E. Safety
of real-life usage of Advanced Hybrid closed-Loop System MiniMed 780G
in Children with type 1 Diabetes younger than 7 Years Old. Diabetes Care.
2023,46(6):e123-5.

14.  Dovc K, Battelino T. Time in range centered Diabetes care. Clin Pediatr Endo-
crinol. 2021;30(1):1-10.

15.  Samuelsson U, Anderzen J, Akesson K, Hanberger L. The importance of low
HbA1c during childhood on glycaemic control in adulthood and the risk of
late Complications. Acta Paediatr. 2021;110:1264-72.

16.  Soufi A, Mok E, Henderson M, Dasgupta K, Rahme E, Nakhla M. Association of
stigma, Diabetes distress and self-efficacy with quality of life in adolescents
with type 1 Diabetes preparing to transition to adult care. Diabet Med. 2023
Jun;3:e15159.


https://doi.org/10.1186/s13098-023-01184-w
https://doi.org/10.1186/s13098-023-01184-w

Elbarbary and Ismail Diabetology & Metabolic Syndrome

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Colom C, Rull A, Sanchez-Quesada JL, Pérez A. Cardiovascular Disease in Type
1 Diabetes Mellitus: Epidemiology and Management of Cardiovascular Risk. J
Clin Med. 2021;10(8):1798-818.

Edqvist J, Rawshani A, Rawshani A, Adiels M, Franzén S, Bjorck L, et al. Trajec-
tories in HbATc and other risk factors among adults with type 1 Diabetes by
age at onset. BMJ Open Diabetes Res Care. 2021,9:e002187.

Ekhlaspour L, Town M, Raghinaru D, Lum JW, Brown SA, Buckingham BA. Gly-
cemic outcomes in Baseline Hemoglobin A1C subgroups in the International
Diabetes closed-Loop Trial. Diabetes Technol Ther. 2022;24(8):588-91.
Sundberg F, deBeaufort C, Krogvold L, Patton S, Piloya T, Smart C, Van Name
M, Weissberg-Benchell J, Silva J, diMeglio LA. ISPAD Clinical Practice Consen-
sus guidelines 2022: managing Diabetes in preschoolers. Pediatr Diabetes.
2022;23(8):1496-511.

Libman |, Haynes A, Lyons S, Pradeep P, Rwagasor E, Tung JY, Jefferies CA,
Oram RA, Dabelea D, Craig ME. ISPAD Clinical Practice Consensus guidelines
2022: definition, epidemiology, and classification of Diabetes in children and
adolescents. Pediatr Diabetes. 2022;23(8):1160-74.

Schulz KF, Altman DG, Moher D. CONSORT 2010 statement: updated
guidelines for reporting parallel group randomized trials. Ann Intern Med.
2010;152:726-32.

Bergenstal RM, Beck RW, Close KL, Grunberger G, Sacks DB, Kowalski A, et al.
Glucose Management Indicator (GMI): a new term for estimating A1C from
continuous glucose monitoring. Diabetes Care. 2018;41:2275-80.
Riddlesworth TD, Beck RW, Gal RL, Connor CG, Bergenstal RM, Lee S, Willi SM.
Optimal sampling duration for continuous glucose monitoring to determine
long-term glycemic control. Diabetes Technol Ther. 2018;20:314-6.

Da Silva J, Bosi E, Jendle J, Arrieta A, Castaneda J, Grossman B, et al. Real-world
performance of the MiniMed 670G system in Europe. Diabetes Obes Metab.
2021;23:1942-9.

Bergenstal RM, Nimri R, Beck RW, Criego A, Laffel L, Schatz D, et al. A compari-
son of two hybrid closed-loop systems in adolescents and young adults with
type 1 Diabetes (FLAIR): a multicentre, randomised,crossover trial. Lancet.
2021,397:208-19.

Arunachalum S, Velado K, Vigersky RA, Cordero TL. Glycemic outcomes
during real-world hybrid closed-Loop System Use by individuals with

type 1 Diabetes in the United States. J Diabetes Sci Technol. 2022
Apr;12:19322968221088608.

Battelino T, Danne T, Bergenstal RM, Amiel SA, Beck R, Biester T, et al. Clinical
targets for continuous glucose monitoring data interpretation: recommen-
dations from the International Consensus on time in range. Diabetes Care.
2019;42:1593-603.

Driscoll KA, Raymond J, Naranjo D, Patton SR. Fear of hypoglycemia in chil-
dren and adolescents and their parents with type 1 Diabetes. Curr Diab Rep.
2016;16:77.

Van Name MA, Hilliard ME, Boyle CT, Miller KM, DeSalvo DJ, Anderson BJ, et al.
Nighttime is the worst time: parental fear of hypoglycemia in young children
with type 1 Diabetes. Pediatr Diabetes. 2018;19:114-20.

Cobry EC, Bisio A, Wadwa RP, Breton MD. Improvements in parental sleep,
fear of Hypoglycemia, and Diabetes distress with Use of an Advanced Hybrid
closed-Loop System. Diabetes Care. 2022;45(5):1292-5.

Weisman A, Bai JW, Cardinez M, Kramer CK, Perkins BA. Effect of artificial
pancreas systems on glycaemic control in patients with type 1 Diabetes: a
systematic review and meta-analysis of outpatient randomised controlled
trials. Lancet Diabetes Endocrinol. 2017;5:501-12.

Beato-Vibora Pl, Gallego-Gamero F, Ambrojo-Lopez A, Gil-Poch E, Martin-
Romo |, Arroyo-Diez 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;23:609-15.
Castarieda J, Mathieu C, Aanstoot HJ, Arrieta A, Da Silva J, Shin J, Cohen O.
Predictors of time in target glucose range in real-world users of the MiniMed
780G system. Diabetes Obes Metab. 2022;24(11):2212-21.

(2023) 15:205

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

Page 9 of 9

Seget S, Rusak E, Polanska J, Jarosz-Chobot P. Prospective Open-Label, Single-
Arm, single-Center Follow-Up study of the application of the Advanced
Hybrid Closed Loop System in Well-Controlled children and adolescents with
type 1 Diabetes. Diabetes Technol Ther. 2022,24(11):824-31.

Lepore G, Rossini A, Bellante R, Corsi A, Scaranna C, Dodesini AR, Trevisan R.
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. Acta Diabetol. 2022;59(10):1309-15.

Matejko B, Juza A, Kie¢-Wilk B, Cyranka K, Krzyzowska S, Chen X, Cohen O,

Da Silva J, Malecki MT, Klupa T. Transitioning of people with type 1 Diabetes
from multiple daily injections and self-monitoring of blood glucose directly
to MiniMed 780G Advanced Hybrid closed-Loop System: a Two-Center,
Randomized, controlled study. Diabetes Care. 2022;45(11):2628-35.

Petrovski G, Al Khalaf F, Campbell J, Day E, Almajaly D, Hussain K, Pasha M,
Umer F, Hamdan M, Khalifa A. Successful transitioning children and adoles-
cents with type 1 Diabetes from multiple daily injections to advanced hybrid
closed-loop system in 10 days: a prospective intervention study on MiniMed
780G system. Acta Diabetol. 2022;59(5):743-6.

Seget S, Jarosz-Chobot P, Ochab A, Polanska J, Rusak E, Witoszek P, Chobot
A.Body mass index, basal insulin and glycemic control in children with type
1 Diabetes treated with the advanced hybrid closed loop system remain
stable - 1-year prospective, observational, two-center study. Front Endocrinol
(Lausanne). 2022;13:1036808.

Arrieta A, Battelino T, Scaramuzza AE, Da Silva J, Castafieda J, Cordero TL, Shin
J, Cohen O. Comparison of MiniMed 780G system performance in users aged
younger and older than 15 years: evidence from 12 870 real-world users.
Diabetes Obes Metab. 2022;24(7):1370-9.

Petrovski G, Campbell J, Pasha M, Day E, Hussain K, Khalifa A, van den Heuvel
T. Simplified meal announcement Versus Precise Carbohydrate counting in
adolescents with type 1 Diabetes using the MiniMed 780G Advanced Hybrid
Closed Loop System: a randomized controlled trial comparing glucose
control. Diabetes Care. 2023 Jan;4:dc221692.

Foster NC, Beck RW, Miller KM, Clements MA, Rickels MR, DiMeglio LA, Maahs
DM, Tamborlane WV, Bergenstal R, Smith E, Olson BA, Garg SK. State of type 1
Diabetes management and outcomes from the T1D Exchange in 2016-2018.
Diabetes Technol Ther. 2019;21(2):66-72.

Gawet WB, Deja G, Kamiriska H, Tabor A, Skata-Zamorowska E, Jarosz-Chobot
P.How does a predictive low glucose suspend (PLGS) system tackle pediatric
lifespan challenges in Diabetes treatment? Real world data analysis. Pediatr
Diabetes. 2020,21(2):280-7.

Ware J, Allen JM, Boughton CK, Wilinska ME, Hartnell S, Thankamony A, et al.
Randomized Trial of closed-Loop control in very young children with type 1
Diabetes. N Engl J Med. 2022;386(3):209-19.

Forlenza GP, Ekhlaspour L, DiMeglio LA, Fox LA, Rodriguez H, Shulman DI,
Kaiserman KB, Lilienquist DR, Shin J, Lee SW, Buckingham BA. Glycemic out-
comes of children 2-6 years of age with type 1 Diabetes during the pediatric
MiniMed™ 670G system trial. Pediatr Diabetes. 2022,23(3):324-9.

Dauber A, Corcia L, Safer J, Agus MS, Einis S, Steil GM. Closed-loop insulin
therapy improves glycemic control in children aged < 7 years: a randomized
controlled trial. Diabetes Care. 2013;36(2):222-7.

Tekielak A, Seget S, Rusak E, Jarosz-Chobot P. Can the AHCL system be

used in T1D patients with borderline TDDI? A case report. Sens (Basel).
2021;21:7195-204.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	﻿MiniMed 780G™ advanced hybrid closed-loop system performance in Egyptian patients with type 1 diabetes across different age groups: evidence from real-world users
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Statistical analysis

	﻿Results
	﻿Baseline clinical characteristics of the studied population
	﻿Impact of initiating AHCL on glycemic control (MiniMed™ 780G system usability performance) among all users
	﻿MiniMed™ 780G system performance among different age groups
	﻿Dietary consumption (meals) or daily carbohydrate during study period
	﻿Insulin delivery during AHCL
	﻿Safety outcomes

	﻿Discussion
	﻿References


