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Abstract

Aims/hypothesis Hybrid closed-loop insulin delivery systems are increasingly regarded as the preferred therapy for type 1
diabetes, although evidence in older adults remains limited. The aim of this randomised study was to evaluate the effective-
ness and safety of the MiniMed 780G system in individuals with type 1 diabetes aged >65 years, with HbA;.<86 mmol/
mol (10%), who were naive to this technology, with the primary endpoint based on glycaemic management (time in range).
Vascular status and other glycaemic metrics were assessed as secondary outcomes.

Methods This single-centre, open labelled (outcome assessors were not masked), randomised, controlled, parallel-group trial
enrolled 34 participants who were randomly assigned in a 1:1 ratio using a computer-generated randomisation schedule to
either advanced hybrid closed-loop (AHCL) therapy or control therapy (multiple daily injections or continuous subcutaneous
insulin infusion) and followed for 12 months.

Results Twenty-nine participants completed the study. Baseline characteristics, including glycaemic metrics, were com-
parable across groups (p>0.05). The AHCL group demonstrated a rapid and sustained improvement in glycaemic manage-
ment, with time in range increasing from 57.4% at baseline to 79.7% at 12 months (p<0.001), accompanied by reductions in
hyperglycaemia as reflected by time above range and time above range 2 (nominal p<0.001; p<0.001), and with no increase
in hypoglycaemia across time below range and time below range 2 (nominal p=0.463; p=1). Adjusted between-group differ-
ences favoured AHCL for time in range (15.7% [95% CI 8.6, 22.6]) and HbA, (—5 mmol/mol; [95% CI —9.7, —0.4 mmol/
mol] [-0.46%; —0.89%, —0.04%]). No serious adverse events or episodes of diabetic ketoacidosis or severe hypoglycaemia
occurred. Post-occlusive reactive hyperaemia showed a shortening of time to maximal flow in the AHCL group, indicating
a favourable numerical trend towards improved microvascular function (nominal p>0.05). Retinal vascular status assessed
using artificial intelligence remained stable throughout follow-up in both eyes (nominal p=0.710 and p=0.563, respectively).
Conclusions/interpretation The MiniMed 780G system appears effective for glycaemic management and safe for use in
older adults with long-standing type 1 diabetes and a high burden of comorbidities. A non-statistically significant numerical
tendency (p>0.05) in the improvement of vascular function that requires further confirmation was also observed.

Trial registration ClinicalTrials.gov NCT06207838
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What is already known about this subject?

Automated insulin delivery systems have demonstrated high clinical efficacy in increasing the time people with
diabetes spend within the target glucose range, while significantly improving their quality of life

The number of people with type 1 diabetes is expected to grow, primarily due to the longer life expectancy of

individuals with this condition

Treating the increasing population of older adults with type 1 diabetes will pose specific challenges, including
reduced openness to new technologies, potential cognitive impairments, vision problems and the need for

manual operation of these devices

What is the key question?

Does initiating the MM780G system in adults >65 years safely improve glycaemic management without increasing
hypoglycaemia or risk of retinopathy progression and vascular outcomes over 12 months?

What are the new findings?

In adults >65 with type 1 diabetes, MM780G use led to rapid, sustained glycaemic improvements, no increase in
hypoglycaemia or retinopathy, and a numerical trend towards better microvascular function over 12 months

How might this impact on clinical practice in the foreseeable future?

With proper education and support, older adults with type 1 diabetes can safely achieve excellent glycaemic
management using the MM780G system, with potential vascular benefits

Abbreviations

AHCL Advanced hybrid closed-loop

Al Artificial Intelligence

Alx Augmentation index

AID Automated insulin delivery

AIT Active insulin time

ANCOVA Analysis of covariance

BMI Body mass index

CS1I Continuous subcutaneous insulin infusion
DKA Diabetic ketoacidosis

FMD Flow-mediated dilation

FRI Flow ratio index

G4S Guardian 4 Sensor

IMT Intima—media thickness

LDF Laser Doppler flowmetry

MDI Multiple daily injections

MM780G MiniMed 780G

PORH Post-occlusive reactive hyperaemia
QoL Quality of life

RCT Randomised controlled trial

SAE Serious adverse event

TAR Time above range

TBR Time below range

TcpO, Transcutaneous oxygen partial pressure
TIR Time in range

TITR Time in tight range
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Introduction

Treatment with automated insulin delivery (AID) sys-
tems, in accordance with recommendations from leading
diabetes associations and expert opinions, should be the
standard of care in the treatment of people with type 1
diabetes, provided that such systems are financially and
organisationally accessible [1-4]. AID systems have dem-
onstrated high clinical efficacy in increasing the time peo-
ple with diabetes spend within the target glucose range,
while significantly improving their quality of life (QoL)
[5-10]. A hallmark of modern AID systems is the consist-
ency of their outcomes across countries, continents, levels
of hypoglycaemia risk and age groups [11-13]. It seems
that older individuals should be the focus of particular
attention in the context of type 1 diabetes treatment. The
number of people with type 1 diabetes is expected to grow,
primarily due to the longer life expectancy of individu-
als with this condition [14-16]. Treating the increasing
population of older adults with type 1 diabetes will pose
specific challenges, including reduced openness to new
technologies, potential cognitive impairments, vision
problems and the need for manual operation of these
devices [16—-18]. Due to the increased risk of hypoglycae-
mia, treatment guidelines suggest moving away from strict
glycaemic management in this population [1].
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Nevertheless, major guidelines and expert statements
emphasise that older age alone should not preclude con-
tinuation or initiation of treatment with advanced diabe-
tes technologies, including AID systems [1-3]. A multi-
national, retrospective, real-world study examining the
performance of the MiniMed780G (MM780G) advanced
hybrid closed-loop (AHCL) system in users with type 1
diabetes aged >56 years demonstrated that older MM780G
system users can achieve a time in range (TIR)>70% with-
out increasing the risk of hypoglycaemia. Notably, the sys-
tem performed as well as or better than in younger users
[19]. Recent real-world data using the MM780G system in
individuals with type 1 diabetes and type 2 diabetes over 65
years of age have demonstrated the efficacy and safety of
this system in this age group [20]. The effectiveness of AID
systems in older adults has been demonstrated in terms of
glycaemic outcomes; however, randomised controlled trial
(RCT) data remain scarce. One of few such studies is the
AIDE T1D trial, although it did not evaluate the MM780G
system [17-19]. However, several questions remain, for
example, whether the use of AID systems in older indi-
viduals significantly influences cardiovascular risk, with
vascular health potentially acting as a surrogate marker
of cardiovascular risk. Reducing the incidence of hypo-
glycaemia undoubtedly lowers the risk of acute coronary
events, cardiac arrhythmias and other acute cardiovascular
complications [21-23]. The question is to what extent TIR
improvement can affect cardiovascular risk in individuals
with long-standing type 1 diabetes. Similar studies have
recently been conducted in individuals with type 2 diabetes
[24, 25].

The primary objective of this randomised study was to
evaluate the efficacy and safety of the MM780G AHCL
system in improving glycaemic management and vascular
health, particularly microcirculation, 1 year after initiating
AlID-based therapy in people with type 1 diabetes aged 65
or older who were naive to this technology.

Methods

This was a single-centre, randomised, controlled, parallel-
group trial comprising a 2 week run-in phase and a 12
month study period (ClinicalTrials.gov registration no.
NCT06207838, protocol identifier 1072.61201.5.2023).
We included individuals who actively responded to
announcements in outpatient clinics/social media in
Poland (most participants came from the southeastern
part of the country). Although participants were recruited
through voluntary response, the resulting sample appeared
broadly representative of the target population in terms
of ethnicity, sex and older age distribution. However,
representativeness in terms of regional distribution and

socioeconomic status may be limited. In accordance with
the SAGER (Sex and Gender Equity in Research) guide-
lines (https://www.equator-network.org/reporting-guide
lines/sager-guidelines/), sex was considered in the study
design and analysis. Participants of both sexes (self-
reported) were included and sex distribution reported;
however, the study was not powered to detect sex-based
difference.

Eligible individuals were people with type 1 diabetes
aged >65 years, with HbA | <86 mmol/mol (10%), treated
with multiple daily injections (MDI) or continuous subcuta-
neous insulin infusion (CSII), and with no prior experience
using the MM780G system. They entered the 2 week run-
in period during which they were required to demonstrate
tolerance to wearing the sensor. A full list of inclusion and
exclusion criteria can be found in electronic supplementary
material (ESM) Table 1. Comorbidities were evaluated dur-
ing the initial consultation via a structured medical history.

The primary endpoint was the between-group difference
in the percentage of time sensor glucose was within the
range of 3.9-10 mmol/l (70-180 mg/dl) (TIR) at the end of
the study. Secondary end points included time spent in the
hyperglycaemic (time above range [TAR]) and hypoglycae-
mic ranges (time below range [TBR]); glycaemic variability;
HbA,; and indices of vascular status, including microcircu-
latory function, microvascular flow and endothelial function
(intima—media thickness [IMTT]; transcutaneous oxygen par-
tial pressure [TcpO,]; flow peak; rest flow; flow ratio index
[FRI] [peak flow/rest flow]; time to max; FMDsystol; rate
of cuff deflation; velocity peak; augmentation index [AIX]).
HbA |, measurements were carried out at screening and at the
end of the 12 month study using an NGSP-certified labora-
tory assay. All other outcomes were labelled as exploratory,
post hoc outcomes. These include time in tight range (TITR),
which is the percentage of time glucose levels remain within
a narrower, ‘stricter’ target range: 3.9—7.8 mmol/l (70-140
mg/dl), not specified in the trial registration; body compo-
sition parameters (weight, percentage body fat and body
mass index [BMI] measured using bioimpedance technol-
ogy [InBody 370S]); as well as local laboratory measure-
ments obtained at the same time as HbA |, including TSH
and creatinine, which were used to calculate eGFR using
the CKD-EPI equation. Standardised systolic and diastolic
blood pressure, along with heart rate, were recorded after
an adequate rest period while seated. Diabetic retinopathy
was assessed using a colour fundus camera (DRS Plus) with
artificial intelligence (Al)-assisted analysis (iCare ILLUME),
which provides automated grading of retinal images to deter-
mine the presence and severity of diabetic retinopathy.

Between-group comparison of CGM-derived measures
was based on the period of the last 2 weeks of the study.
Safety endpoints included the number of severe hypogly-
caemia and diabetic ketoacidosis (DKA) events.
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The study was continued for 12 months, with assess-
ments of metabolic management, QoL, physical and cogni-
tive measures, and vascular status conducted at the conclu-
sion. Here, we present the results for metabolic control and
vascular status, with specific variables described in detail
in the following sections. Following the study conclusion,
a continued observation phase with AHCL therapy was
offered to participants of both arms (five participants from
the control group switched to MM780G).

Procedures All participants received training on CGM
usage and wore the Guardian Link 4 Transmitter and Guard-
ian 4 Sensor (G4S) for 2 weeks for baseline measurement
and assessment of compatibility with the device. CGM data
were downloaded at the clinic using CareLink Clinic soft-
ware (https://carelink-trials.medtronic.com/login; accessed
8 May 2026).

Randomisation was conducted with Random Alloca-
tion Software to ensure unbiased group assignment (https://
random-allocation-software.software.informer.com/2.0/;
version 2.0). Participants were randomised to the AHCL
or control group (MDI/CSII:BG/CGM) in a 1:1 ratio. The
randomisation code was generated by a statistician using
random block size of 4, 6 and 8.

Participants assigned to the AHCL group received com-
prehensive individualised education conducted by our inves-
tigators, which lasted approximately 5 h. Some participants
attended the training sessions with a partner. All partici-
pants were advised to contact the investigators by phone if
they encountered any technical issues. First, we initiated the
MM780G system in open-loop mode with ‘Suspend before
low’ enabled for 3-7 days, followed by full AHCL activation
(glucose target: 5.6 mmol/l [100 mg/dl]; active insulin time
[AIT]: 2.0-2.5 h). Since the study participants had subopti-
mal diabetes management at baseline, the insulin to carbo-
hydrate ratio settings in use were applied with only minor
adjustments. The participants were instructed not to adjust
system settings without consulting a physician. Insulin to
carbohydrate ratio and AIT were adjusted by the physician
during the study as per the investigator's judgement; glucose
target was adjusted only in the case of safety concerns. Par-
ticipants’ interaction with the system and glycaemic man-
agement were reviewed, and the system settings were reas-
sessed and adjusted as needed at each visit, whether in the
clinic or remotely (ESM Fig. 1). Participants in the control
group continued their prior therapy and wore a G4S CGM
for a 2 week period at the end of the 12 months, with all
using Libre 2 sensors. Two participants were switched to
Libre 2 sensors from glucometers at the beginning.

Vascular status Microcirculatory function was assessed
with laser Doppler flowmetry (LDF) and TcpO, test using a
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Periflux 6000 device (Perimed, Jarfilla, Sweden). The tests
were performed with thermostatic laser Doppler probes for
precise tissue heating at the measurement site and a modified
Clark’s polarographic oxygen sensor. Probes were placed
on the dorsal aspect of the fingers. Recorded parameters
included tissue oxygen partial pressure, microvascular flow
(capillaries, arterioles, venules, shunts), perfusion, meta-
bolic activity and oxyhaemoglobin dissociation.

Microvascular flow (using LDF) was assessed with a
baseline flow and by performing a post-occlusive reactive
hyperaemia (PORH) test, a functional test that evaluates
the ability of microvascular vessels to dilate in response to
short-term ischaemia. LDF results are expressed in arbi-
trary perfusion units (PU). Perfusion quantification was
performed using real-time flow parameters.

Endothelial functions were assessed by non-invasive
imaging techniques, including flow-mediated dilation
(FMD) and IMT, which are considered risk factors for car-
diovascular events. The study followed current guidelines for
ultrasound-based FMD assessment [26]. Before the test, the
participants were resting in a supine position. The brachial
artery was localised with the use of an ultrasound trans-
ducer 2-5 cm above the cubital fossa. The cuff was placed on
the forearm and inflated to 50 mmHg above systolic blood
pressure for 5 min to restrict artery inflow. From the 60 s
to the 90 s after deflation, all vasodilation measurements
with vessel diameter changes to reactive hyperaemia were
made. FMD was measured with the Hitachi Arietta 850
ultrasound scanner using its proprietary software (system
version 00-3.1.2, FUJIFILM Healthcare Corporation) [27].

IMT was measured bilaterally using a Hitachi Arietta
850 ultrasound scanner. Measurements were performed at
the far wall of the common carotid artery (CCA), 1 cm
proximal to the carotid bifurcation and calculated by the
automated software provided with the ultrasound scanner
(system version 00-3.1.2, FUJIFILM Healthcare Corpo-
ration) [27] dedicated to this measurement in accordance
with established consensus guidelines. The higher of the
two bilateral IMT values was used for analysis. Further-
more, plaque presence was systematically evaluated in the
common carotid artery, carotid bulb and internal carotid
artery bilaterally.

In addition to metabolic and vascular outcomes, psycho-
logical parameters, frailty indices, and psychomotor and
cognitive functions were also assessed as part of the study
protocol. The results of these analyses will be reported in a
separate publication.

Statistical analysis Based on data from our prior study con-
ducted at our centre, assuming a mean TIR of 80% in the
AHCL group and 65% in the control group with a com-
mon SD of 15%, a total sample size of 40 participants (20
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per group), including an assumed attrition rate of 15%, was
estimated to provide 80% power to detect a between-group
difference of 15% using a two-sided two-sample 7 test at a
significance level of 0.05 [28].

The primary population consisted of individuals who met
eligibility criteria, demonstrated tolerance to wearing the
sensor, complied with G4S, received the allocated interven-
tion and completed the study. All the analyses we performed
were based on this primary population. All available data
were used in computing means and SDs. No imputation
method was applied for missing data.

For comparisons between two independent groups, the
Student’s ¢ test or Welch’s ¢ test was used for normally dis-
tributed continuous variables (normality assessed by the
Shapiro—Wilk test); otherwise, the Mann—Whitney U test
was applied. For comparisons of two dependent groups,
the paired 7 test or Wilcoxon signed-rank test was used, as
appropriate. Differences between categorical variables were
analysed using the X2 test.

To assess the effect of treatment allocation on outcomes,
an analysis of covariance (ANCOVA) was conducted with
adjustment for treatment arm and baseline values. Signifi-
cant interactions between baseline values and treatment
arm, if present, were included in the model, and the adjusted
mean difference between treatment arms was estimated.
When ANCOVA assumptions were not met (normality,
homogeneity of variance or linearity), the Wilcoxon rank-
sum test was used. All p values are two-tailed. Analyses
were performed with R, version 4.5.1 (https://www.r-proje
ct.org/), and RStudio, version 1.3.959 (https://posit.co/downl
oad/rstudio-desktop).

The primary endpoint was analysed using ANCOVA and
should be considered confirmatory. Secondary and explora-
tory endpoints were analysed using ANCOVA as descriptive
(supportive) analyses without adjustment for multiplicity
and should therefore be interpreted as hypothesis-generating.

Ethical considerations The study was approved by the bio-
ethics committee (no. 1072.61201.5.2023, dated 17 May
2023). All participants provided written informed consent
to participate in this study. The collected data were stored in
the hospital according to recommendations from the bioeth-
ics committee. The participants did not receive any financial
compensation for participation in the study.

Results

A total of 34 individuals, mostly treated with MDI and
CGM (only one using an insulin pump), were recruited
(between 19 September 2023 and 26 March 2024). Most
of the participants were from southeastern Poland. Three
participants withdrew from the study prior to or on the day

of randomisation, with each case corresponding to a single
participant: one declined sensor use, one was not allo-
cated to the AHCL arm, which was their preferred option,
and one did not accept pump therapy. Additionally, one
participant withdrew due to worsening of a diabetic foot
condition. Thirty-one participants were randomised into
either the AHCL or control group (1:1). One male partici-
pant from the control group, as mentioned above, with-
drew immediately after being informed of the randomisa-
tion result. One female participant from the AHCL group
withdrew from the study at month 5.5 because she did not
accept the system (Fig. 1). All excluded participants (n=5)
were not included in either the baseline characteristics or
the data analysis (ESM Table 2).

Fourteen participants from the AHCL group and 15
from the control group completed the 12 month study pro-
cedures. Due to recruitment difficulties and study with-
drawals, fewer than the 20 participants per group planned
in the clinical trial protocol were randomised. Under the
original study assumptions, a post hoc analysis indicated
that, with 14 participants in the study group and 15 in the
control group, a minimal difference of 12.1% in TIR is
detectable with 90% power.

In the AHCL group, the median age was 66.5 (66—68.8)
years, diabetes duration was 34.5+16.5 years, BMI was
26.9+4.0 kg/m? and HbA,, was 59.6+10.3 mmol/mol
(7.59+£0.94%). There were no significant differences between
groups in age, type 1 diabetes duration, CGM indices or
HbA .. The AHCL group had a higher proportion of men
compared with the control group (Table 1). At baseline, the
cohort was characterised by a high burden of comorbidities,
including lipid disorders (96.5%), hypertension (82.7%), thy-
roid diseases (58.6%), benign prostatic hyperplasia (53.0%
of men) and moderate or more advanced stages of diabetic
retinopathy (51.0%, Al-assessed). Hashimoto’s disease was
present in 34.5% of participants, while overall, 37.9% had
autoimmune diseases other than type 1 diabetes, including
Hashimoto’s disease. Other comorbidities included osteo-
arthritis (27.6%), coronary artery disease (27.6%) and poly-
neuropathy (24.1%). A history of coronary revascularisa-
tion, including percutaneous coronary intervention (PCI) or
coronary artery bypass grafting (CABG), was reported in
13.8% of participants. The same proportion (13.8%) had a
history of neoplasia.

Among MM780G users, a glucose target of 5.6 mmol/l
(100 mg/dl) and an AIT of 2 h were used by 80% and 100%
of participants, respectively. As far as the main primary end-
point is concerned, the TIR for the AHCL group increased
from 57.4% at baseline to 76.8% after 1 month and to 79.0%
after 3 months, and remained at 79.5% after 6 months and
79.7% after 12 months (all p<0.001). Improvement in
TIR was accompanied by reductions in hyperglycaemia as
reflected by TAR and TAR2 (nominal p<0.001; p<0.001),
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[

Enrolment

[ Assessed for eligibility (n=34) ]

Excluded (n=0)

Run-in ]

Excluded (n=3)

| Randomised (n=31) |

* Received allocated
intervention (n=15)

Allocation to MDI + SMBG
group (n=16)

Withdrawn (n=1)

Lost to 12 months of follow-up

(n=0)

[ Analysed (n=15)

) [

Allocation |
Follow-up ]
Analysis ]

Fig. 1 Flow diagram of the progress through the phases of a two-group parallel randomised trial

Table 1 Baseline characteristics
of randomised participants

and with no increase in hypoglycaemia across TBR and
TBR2 (nominal p=0.463; p=1). In the control group, TIR
remained stable over time (65.6% at baseline vs 66.4% at the
end of the study). The ANCOVA-adjusted difference in TIR
between groups was 15.7% (95% CI 8.6, 22.6). Secondary

@ Springer

Allocation to AHCL group (n=15)
* Received allocated
intervention (n=15)

Lost to 12 months of follow-up
(n=1)
Excluded due to unwillingness to
continue the study

( Analysed (n=14) )

Variable MDI/CSII + SMBG/ MM780G system p value
CGM group
Gender male 3 (20) 12 (86) 0.001
Age (years) 68 (66-72.5) 66.5 (66-68.8) 0.269
Diabetes duration (years) 27.7+16.6 34.5+16.5 0.278
HbA . at enrolment (mmol/mol) 572499 59.6+10.3 0.541
HbA, at enrolment (%) 7.38+0.91 7.60+0.94 0.541
BMI (kg/m?) 26.9+3.9 26.9+4.0 0.943
Body weight (kg) 73.3+11.6 83.5+16.0 0.057
Creatinine (pmol/l) 74 (72-89) 89.1+24.2 0.353
¢GFR (ml/min per 1.73 m?) 68.5+18.7 74.4+18.2 0.404
TSH (uU/ml) 1.79+1.30 1.76+0.95 0.927
AST (UN) 24 (19-31) 32.249.9 0.051
RE DR (grade) 1.54+1.04 1.80+1.1 0.456
LE DR (grade) 1.13 (0.74-2.05) 1.53+0.69 0.371
RE AMD (grade) 0.64 (0.36-1.18) 0.50 (0.24-1.08) 0.616
LE AMD (grade) 0.48 (0.27-0.67) 0.44 (0.22-0.79) 0.913

Continuous data are presented as mean+SD or median (IQR). Categorical data are presented as frequency

(%)

AMD, age-related macular degeneration; DR, diabetic retinopathy; LE, left eye; RE, right eye

outcomes showed reductions in TAR and time above range
2 (TAR2) (nominal p<0.001), with no meaningful changes
in TBR or time below range 2 (TBR2) (nominal p>0.05)
throughout the study compared with the control group. The
ANCOVA-adjusted difference in HbA,  between groups
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was —5 mmol/mol (95% CI —9.7, —0.4) (—0.46%; —0.89%,
—0.04%). Among exploratory, post hoc outcomes, only
TITR showed an ANCOVA-adjusted difference between
groups of 18.6% (95% CI 12.1, 25.1) (Table 2).

Throughout the observation period, sensor use averaged
97.2% of the time, and Auto Mode was active for 96.6% of
the time. At the end of the study, participants consumed
a mean of 3.9 meals per day, entered 151 g of carbohy-
drates and had an Auto Basal percentage of 34%. No seri-
ous adverse events (SAEs) or cases of DKA or severe
hypoglycaemia occurred, and no device malfunctions were
observed.

At baseline, eight participants (six in the control group
and two in the MM780G group) had no signs of diabetic
retinopathy, six (2/4) had mild diabetic retinopathy, nine
(5/4) moderate diabetic retinopathy, two (1/1) severe diabetic
retinopathy and four (1/3) proliferative diabetic retinopathy
(the more severe eye was used for classification). By the
end of the study, no between-group differences in diabetic
retinopathy stage were observed in either eye as assessed by
Al These exploratory findings suggest stability of retinal
status over the study period (Table 2).

Regarding microcirculation parameters assessed using
LDF, baseline flow values did not change meaningfully
in either study group. In the PORH test, a shortening of
the maximum blood flow time in the MM780G group was
observed, suggesting a favourable numerical trend towards
improved microvascular function (Table 2). There were
no meaningful changes in other parameters after a 5 min
occlusion. TcpO, values and endothelial function parameters
(FMD, IMT) were similar in both groups, and no meaningful
improvement was observed at the 1 year follow-up.

Discussion

To our knowledge, this is the first randomised study to evalu-
ate the outcomes of AID in an older population over a 1 year
period, including assessments of retinopathy and vascular
status. This study is an important step towards building the
evidence base for optimal management of the growing popu-
lation of older adults with type 1 diabetes [26, 29-31].

At the end of this 1 year randomised trial, participants
using the AHCL system had substantially higher TIR com-
pared with the control group, with no increase in TBR.
Improvement in TITR was even greater. HbA_ levels
decreased in the AHCL group over 12 months. This means
that the primary endpoint was achieved.

The first randomised trial comparing advanced insulin
delivery systems with standard sensor-augmented pump
therapy in older adults (>60 years of age) demonstrated
that the hybrid closed-loop algorithm increased TIR by 8.6%
(CamAPS FX) [30]. A similar design was used in a recently

published RCT involving a larger population of older adults
with type 1 diabetes, which reported an 8.9% improvement
in TIR and a 0.2% reduction in HbA | (baseline HbA . 55.2
mmol/mol [7.2%]) [17]. As in our study, they did not dem-
onstrate a significant benefit regarding hypoglycaemia. The
improvement in TIR was almost exclusively due to decreases
in the proportion of time spent in the hyperglycaemic range.
This was probably because the study population had very
low rates of hypoglycaemia to begin with [30]. Our study
supports the finding that excellent glycaemic management
can be achieved using a hybrid closed-loop system without
increasing the risk of hypoglycaemia, suggesting that relax-
ing glycaemic targets in older adults with long-standing dia-
betes using AHCL systems, as recommended by guidelines,
may not be necessary. CGM targets should be customised
based on clinical considerations, including frailty, functional
status, comorbidities and use of CGM or AID systems [32].

Of note, our study population was not a random sample of
individuals with type 1 diabetes but rather comprised highly
motivated participants with long-standing, well-controlled
diabetes and high functional status, as evidenced by the
complete absence of SAEs over the 12 month follow-up,
despite a high burden of comorbidities. Nearly all had no
prior experience with insulin pump therapy, probably due
to cost barriers, except for one individual randomised to the
MM780G group. In contrast, other studies involving older
adults with type 1 diabetes often included a higher propor-
tion of participants already using insulin pump technology
[33, 34]. This shows that older adults can successfully adopt
advanced insulin delivery systems when given thorough edu-
cation. This factor may also have helped explain the greater
improvements in TIR observed in our study.

Adding to this, we have previously shown that, in real-
world data from Polish individuals, outcomes with this
technology were among the best in Europe [13], which we
attribute to the adoption of optimal settings in Poland and
the already high glycaemic outcomes at the system start.

Also, an important contributing factor to the achievement
of 79.7% TIR in our study could have been the adherence
to the predefined AHCL settings, with AIT set to 2.0-2.5
h and glucose target set to 5.6 mmol/l (100 mg/dl). The
observed high sensor use and time spent in AHCL mode
were comparable to those reported in other AHCL studies,
reflecting high treatment adherence, proper sensor use and
no technical problems causing Auto Mode exits [8, 13].

Rapid improvements in glucose management may lead
to early worsening of diabetic retinopathy, particularly in
individuals with elevated HbA |  levels and LDL-C>2.6
mmol/l (>100 mg/dl) prior to transitioning to AID therapy
[35]; however, recent studies suggest that short-term use
of AID systems is not associated with retinopathy pro-
gression and may even lead to improvements in diabetic
retinopathy severity grades [36]. Our study adds to these
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Table 2 Primary and secondary glucose and clinical outcomes

Category Treatment arm Control arm Estimated 95% CI p value
difference
Baseline End of the study Baseline End of the study (MM780G —
MM780G MDI/CSII MDI)?

Number of participants 15 14° 15¢ 15

Primary outcome
SG 3.9-10.0 mmol/l 57.4x15.5 79.7£7.5 65.6+10.2 66.4+10.6 15.7 8.6,22.6 <0.001
(70-180 mg/dl) (%)

Secondary outcomes
HbA,, (mmol/mol) 59.6+10.3 49.8+5.7 57.2+9.9 53.9+8.6 -5.0 -9.7,-0.4 0.035
HbA,, (%) 7.60+0.94 6.70+0.52 7.38+0.91 7.09+0.79 —0.46 —0.89, —0.04 0.035
SG <3.0 mmol/l (<54 mg/ 0.60 (0.30-0.96) 0.62 (0.35-0.94) 1.4 (0.7-2.9) 1.04 (0.43-1.34) -0.24 —0.78, 0.26, 0.326¢
dl) (%)
SG <3.9 mmol/l (<70 mg/  0.00 (0.00-0.07) 0.06 (0.03-0.09) 0.05 (0.0-0.63) 0.00 (0.00-0.14) 0.01 —0.07, 0.06 0.207¢
dD (%)
SG >10 mmol/l (>180 mg/ 31.3+10.3 16.0+4.2 26.249.3 27.5+10.0 —11.2 —16.1, -5.8 <0.0014
dD (%)
SG >13.9 mmol/l (>250 10.3+7.2 2.25(1.31-4.23) 59+34 4.8+3.1 -3.0 -5.0,-0.9 0.006
mg/dl) (%)
IMT left (mm) 0.92 (0.86-1.29) 0.97 (0.87-1.10) 0.82+0.30 0.90+0.31 0.08 —-0.09, 0.24 0.315¢
IMT right (mm) 1.15 (0.90-1.30) 0.86 (0.72-0.98) 0.84+0.31 0.99+0.45 —0.08 —0.28,0.08 0.347¢
TcpO, (mmHg) 55.2+19.3 49.85+19.74 52.60+14.13 48.21+19.07 -0.28 —18.0,19.0 0.903¢
Flow peak (cm/s) 182.7+114.3 154.1+65.9 102 (97.5-212) 205 (177-324.5) —118.2 —195.5,-41.0  0.004
Rest flow (cm/s) 42 (36-91.0) 69.9+49.3 29 (15-88.5) 73 (59.0-179.5) —49.3 -97.1,-14 0.044
FRI (peak flow/rest flow)  2.88+1.14 2.42 (1.99-3.96) 3.78+2.41 2.32(1.83-3.27) —0.04 -1.0, 1.1 0.880
Time to max (s) 8 (4-41) 4.50 (3.25-17.25) 5 (4.5-6) 6 (4.0-8.0) 1.0 -9.0,5.0 0.775¢
FMDsystol (mm) 9.71x13.9 6.91+5.23 13.0+10.5 12.7 (6.0-15.1) -4.9 -9.8,2.1 0.058¢
Rate of cuft deflation 4.57+1.10 4.71+0.67 4.34+1.18 4.42+0.68 0.25 —0.24,0.74 0.313
(mmHg/s)
Velocity peak (cm/s) 13.70 (0.03-32.2) 40.4 (37.2-74.1) 32.6 (1.60-55.2)  30.1+18.8 25.0 3.6,46.4 0.024
Alx (%) 6.85 (4.40-14.2) 0.9 (—22.0-25.0) 8.70 (0.75-3.75)  5.10 (—4.4-20.3) 3.0 -20.5, 30.1 0.836¢

Exploratory, post hoc outcomes
SG 3.9-7.8 mmol/l 31.1+13.1 53.5+7.3 38.5+10.7 37.9+10.7 18.6 12.1,25.1 <0.001
(70-140 mg/dl) (%)
Body weight (kg) 83.5+16.0 83.1+13.6 73.3+11.6 76.7 (72.3-79.6) -0.3 -3.1,24 0.810
Percentage of fat (%) 32.1(24.30-33.40) 29.4 (18.3-31.9) 35.0+7.4 34.4+6.9 -1.52 -4.1,1.0 0.229
BMI (kg/m?) 26.9+4.0 26.8+3.5 26.9+3.9 27.5+3.8 -0.6 -1.6,0.3 0.201
Creatinine (pmol/l) 89.1+24.2 90.1+20.7 74.2 (72-89.2) 81.0+16.5 6.2 -1.29,13.7 0.100
TSH (mU/ml) 1.76+0.95 1.76+0.79 1.79+1.30 1.54+0.87 0.22 —-0.37,0.82 0.452
RE DR (grade) 1.80+1.1 2.04 (0.16-3.56) 1.54+1.04 0.82(0.11-2.29) 0.26 —0.42,0.94 0.437
LE DR (grade) 1.53+0.69 1.48+1.30 1.13 (0.74-2.05)  0.46 (0.22-2.08) 0.11 —-0.50,0.72 0.710
RE AMD (grade) 0.50 (0.24-1.08) 0.77 (0.08-1.90) 0.64 (0.36-1.18) 1.05 (0.20-2.37) -0.17 -0.77,0.43 0.563
LE AMD (grade) 0.44 (0.22-0.79) 1.04+0.95 0.48 (0.27-0.67)  0.74 (0.11-1.22) 0.13 -0.59, 0.85 0.720
SBP (mmHG) 139.4+16.8 134+19.1 140.5+11.9 140.5+14.6 -6.0 -17.5,5.6 0.300
DBP (mmHG) 79.9+6.8 74.4+x11.2 80.7+11.0 79.0+8.8 —-4.2 -11.2,2.9 0.234
HR (bpm) 66.6+9.54 75.6+12.7 67.5+7.8 69 (60-78) -4.0 —14.0,7.0 0.3944

Values are presented as mean+SD or median (IQR)

*ANCOVA analysis with adjustment for baseline value; mean difference was presented

°One participant withdrew from the study after 5.5 months; her data were excluded from this analysis

“One participant withdrew from the study just after randomisation; his data were excluded from this analysis

dWilcoxon rank-sum test was applied when ANCOVA assumption was not met, and median difference was provided

AMD, age-related macular degeneration; bpm, beats per minute; DBP, diastolic blood pressure; DR, diabetic retinopathy; HR, heart rate; LE,
left eye; RE, right eye; SBP, systolic blood pressure; SG, sensor glucose
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findings by suggesting that retinal stability (Al-driven
assessment) may be maintained over a longer period of 12
months (Table 2).

With regard to vascular results, the observed shortening of
the maximum blood flow time in the PORH test, indicating
improved capillary flow without a significant change in the
maximum blood flow time after a 5 min occlusion, suggests
a meaningful trend towards improved microcirculation func-
tion in the MM780G group. The lack of clear improvement
in microcirculatory and endothelial parameters is probably
attributable to the short follow-up period and the relatively
normal baseline glucose values in both groups. Another expla-
nation could be that PORH-based improved capillary flow
may be the most sensitive of microvascular function tests
under improved glycaemic conditions, reflecting the ability of
skeletal muscle arterioles to dilate in response to acute bouts
of ischaemia ahead of the improvement of other parameters.

Limitations This study has several limitations. First, diffi-
culty in participant recruitment, which resulted in a smaller-
than-planned sample size. In addition, study withdrawals
further reduced the number of participants completing the
trial. A post hoc power analysis was therefore performed
to quantify the impact of the reduced sample size on the
statistical power of the study. One withdrawal was due to
not accepting the intervention or randomisation result which
may have introduced bias. Second, due to recruitment chal-
lenges, social media was used for participant outreach,
which may have introduced selection bias, as individuals
responding to online recruitment may have been more moti-
vated or more technologically competent than the general
patient population. Third, sex differences were observed
after randomisation, with a higher proportion of male par-
ticipants allocated to the AID group. Although some studies
suggest that male individuals are more likely to adopt AID
systems [37], real-world data indicate no sex differences
across age groups in system performance [38]. Fourth, the
study may have been underpowered to detect differences in
non-glycaemic endpoints. Finally, a per-protocol analysis
was used rather than an intention-to-treat analysis, as only
two participants had incomplete data; however, inclusion
of participants with incomplete data would have required
outcome imputation, which could require additional model-
ling assumptions and potentially introduce bias. Given the
very low level of missingness, a complete-case approach
was considered unlikely to affect the results meaningfully.

The study also included the assessment of psychological
parameters, frailty indices, and psychomotor and cognitive
functions. These findings will be presented in a separate
publication.

Conclusions In summary, these results suggest that, with
comprehensive patient education, the AHCL system is an

effective and safe option for improving glycaemic manage-
ment in older, well-managed individuals with long-standing
type 1 diabetes, despite a high burden of comorbidities. In
addition, a non-statistically significant numerical trend
towards improved vascular function was observed, warrant-
ing further evaluation in long-term follow-up.
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