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Aims: Automated insulin delivery (AID) is part of the standard of care for type 1 dia-

Funding information A systematic review and meta-analysis was conducted for outcomes across commer-
Medtronic cially available AID systems in real-world settings.

Materials and Methods: PubMed and Embase were searched to March 2025 for
RWE studies of commercial AID systems in ambulatory people with T1D. Eligible
studies had n 2 250 with 210 days of continuous glucose monitoring data. Main out-
comes were time in range (TIR) and glycated haemoglobin (HbA1c). Random-effects
meta-analyses with AID system as moderator were performed, including scenario
analyses by age and optimal device settings.

Results: Thirty-six records covering 34 studies with 635 463 users were included.
Studies evaluated MiniMed™ 780G (n = 16), Control-IQ™ (n = 9), MiniMed™ 670G
(n = 6), and other systems (<3 studies each). Meta-analysis demonstrated frequently
statistically significant between-system differences in TIR, ranging from 60.1% (95%
confidence interval [CI] 54.0 to 65.9) for Omnipod® 5 to 73.9% (95% Cl 72.3 to 75.5)
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with RWE.
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1 | INTRODUCTION

Automated insulin delivery (AID) systems combine insulin pumps, con-
tinuous glucose monitoring (CGM), and algorithms that adjust insulin
delivery automatically dependent on glucose levels.!~® Currently, the
most advanced implementations of AID are hybrid closed-loop (HCL)
systems, which include a closed loop between CGM monitor and insu-
lin pump but require user input on carbohydrate intake.®

The management of type 1 diabetes (T1D) has been transformed
by AID, as part of a general improvement in T1D care attributed to
advances in technology.* ¢ In both paediatric and adult populations,
AID is safe, efficacious, and effective in improving glycaemic

7-25 2627 and in severe illness such

outcomes, including in older users
as after failure of beta cell replacement (when AID is an alternative to
re-transplantation).?® In addition, AID has been found to be associated
with positive effects beyond glycaemic control, both on users with
T1D and caregivers. These include increased well-being and
quality of life (QoL),?°"3! reduced disease burden and fear of

29,30

hypoglycaemia, and, in adults and caregivers, reduced diabetes

distress.>23 Consequently, AID systems are now considered standard
of care for insulin delivery in T1D.343°

It is worth noting that glycaemic control in the context of AID use
has been established using metrics that complement the established
focus on HbA1c, by introducing metrics only available from CGM.%®
Time in range (TIR), defined as the percentage of sensor glucose read-
ings and time at 70-180 mg/dL (3.9-10.0 mmol/L), has emerged as a
key glycaemic target, with international consensus recommending TIR
to be 270%.%738 Related metrics include time above range (TAR;
>180 mg/dL [10.0 mmol/L]), often reported separately as TAR180
(181-250 mg/dL [10.1-13.9 mmol/L]) and TAR250 (>250 mg/dL
[13.9 mmol/L]), and time below range (TBR; <70 mg/dL [3.9 mmol/L]),
often reported separately as TBR54 (<54 mg/dL [3.0 mmol/L]) and
TBR70 (54-69 mg/dL [3.0-3.8 mmol/L]). More recently, time in tight
range (TITR), defined as the percentage of readings and time at 70-
140 mg/dL (3.9-7.8 mmol/L), has been proposed as another impor-

tant metric, particularly for near-normal glucose levels or stricter

for MiniMed 780G. For HbA1c, estimates ranged from 6.5% (95% Cl 5.4 to 7.7) for
Loop to 7.0% (95% Cl 6.7 to 7.4) for MiniMed 780G, although differences were not
significant. Significant residual heterogeneity was observed. Age was an important
effect modifier, with younger users experiencing less favourable outcomes. Optimal
device settings improved glycaemic outcomes.

Conclusions: RWE demonstrated differences in glycaemic outcomes, including TIR,
between commercially available AID systems. User age influenced outcomes for all

systems. Results must be interpreted cautiously given challenges and potential biases

advanced hybrid closed loop, automated insulin delivery, glycaemic outcomes, meta-analysis,
systematic literature review

glycaemic control.3?*° These metrics are now widely used in research

8,12,22,41

and clinical practice, with user age an important factor in set-

ting glycaemic targets and for AID effectiveness.>” 42744

Despite the wealth of evidence available on AID use for T1D,
quantitative synthesis and meta-analysis of glycaemic outcomes have
so far largely focused on evidence generated in randomized clinical tri-
als811:17:20.22.2445 Reviews of real-world evidence (RWE) exist but

often either lack quantitative synthesis of outcomes'®!?:21.23

or,
where a meta-analysis has been performed, were not focused on gly-
caemic outcomes.>° A quantitative synthesis of RWE on AID, noted
as being of increasing importance to inform clinical and user decision-
making as well as to differentiate between AID system,'® was there-
fore identified as a gap in the currently available literature. The pre-
sent review was designed to fill this gap by providing a
comprehensive, quantitative synthesis of glycaemic outcomes
reported in large-scale RWE studies on commercially available AID

systems in people with T1D.

2 | MATERIALS AND METHODS

This systematic review (SR) and meta-analysis was based on a proto-
col pre-registered with PROSPERO (CRD420251019526) and
reported according to the Preferred Reporting Items for Systematic

Reviews and Meta-analyses.*¢4”

21 | Literature search

PubMed including MEDLINE and Embase was searched, using their
respective web search interfaces, from inception to March 14, 2025.
Neither additional sources nor citations were searched.

Search strategies were developed from published strategies and
study design filters but not peer-reviewed (for adaptation of published
search filters/strategies and full search strategies, see Tables S1 and
S2 and the study protocol on PROSPERO).“®4° Briefly, search
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strategies were structured around a population component (patients
living with T1D), an intervention component (AID systems, including
specification of the component parts of an AID system and brand
names for commercially available AID systems; “AlD” and “HCL” were
used interchangeably in this article), and a study design component
(capturing observational studies and containing terms designed to
capture RWE). Searches were limited to articles published in English.
The Embase search was restricted to exclude studies available from
MEDLINE to avoid duplicate hits and to exclude conference abstracts,
which were considered unlikely to provide sufficient information.

Results from literature searches were uploaded to Sourcerer
(Covalence Research, Harpenden, United Kingdom), which was used
for record deduplication and title-abstract screening. Full-text review
was performed using Zotero (Corporation for Digital Scholarship,
Vienna, VA, USA).

2.2 | Study selection and eligibility criteria

Records were screened and reviewed by two reviewers (J.P., J. S-P.)
independently, with conflicts resolved through consensus against pre-
specified eligibility criteria. Studies were eligible for inclusion if:
(a) conducted in free-living, ambulatory people with T1D; (b) using a
commercially available AID or CGM system with 210 days of CGM
data available for whom; (c) data on glycaemic outcomes or hypogly-
caemic events were available from; (d) a real-world study with 2250
participants using an AID system.

Regarding population criteria, studies were excluded if conducted
in highly specific groups with T1D, such as participants selected for
baseline HbA1c values or in specific settings/circumstances, such as
pregnancy, fasting during Ramadan, or treated in hospital.?? Studies
including participants with T1D and type 2 diabetes (T2D) were eligi-
ble only if outcomes were available separately for users with T1D. If a
study reported only “users” and there was no clear indication that the
population had T2D, the study was assumed to have been conducted
in T1D, given the predominant use of AID systems in T1D in contem-
porary clinical practice.

Eligible AID systems were CamAPS® FX (CamDiab, London, UK),
Control-IQ™ (Tandem Diabetes Care, San Diego, CA, USA), Diabeloop
Generation 1 (DBLG1; Diabeloop, Grenoble, France), iLet® Bionic
Pancreas (Beta Bionics, Irvine, CA, USA), Loop (Tidepool Project, Palo
Alto, CA, USA), MiniMed™ 670G, 770G, or 780G (Medtronic, Minne-
apolis, MN, USA), and Omnipod® 5 (Insulet, Boston, MA, USA). Stud-
ies investigating only overnight AID use or not reporting results
separately by AID system, or not reporting which AID system was
used, were excluded. No restriction was imposed regarding data col-
lection modes. While most AID systems offer automatic data upload
to central platforms and data management systems, other data collec-
tion modes were permissible, including for glycaemic metrics but also,
for example, for HbAlc, which requires in-person visits for
measurement.

The main outcomes were TIR and HbA1lc. Additional glycaemic

outcomes relevant for eligibility were TITR, TAR, TBR, mean glucose

and its standard deviation (SD), coefficient of variation (CV), and glu-
cose management indicator (GMI).27°C |n addition, the percentage of
users achieving glycaemic targets such as TIR >70% or HbAlc <7%
was an eligible outcome. Hypoglycaemic events of any definition were
also eligible.

Only real-world studies were eligible, including comparative stud-
ies and studies investigating AID use longitudinally, in a pre-post
design, or reporting outcomes as a snapshot in time without baseline
data. Studies conducted in a clinical setting and with a pre-defined
study protocol extending beyond standard of care, such as random-
ized clinical trials, were excluded, as were studies without a full-text
publication available in English and those not reporting extractable
numerical data on at least one outcome. Only studies with 2250 par-
ticipants were considered, to ensure that results could be considered
to be based on reliable evidence and to reduce the risk of reporting
bias from smaller studies and generalizable to the overall population

of people with T1D.

2.3 | Data collection

Data (see Section 2 in the Supporting Information for the list of pre-
specified data items) were extracted from full-text papers and supple-
mentary materials by a single reviewer using a standardized extraction
form in Google Sheets (Google, Mountain View, CA, USA). No other
data sources were used, and study authors were not contacted for
information.

Data were independently checked by a second reviewer by cross-
referencing extracted values with the report. In addition, data were
checked programmatically, for example, to ensure that uncertainty
ranges included central estimates, for example, that confidence inter-
vals (Cls) included means, and that extracted values fell within physio-
logically plausible ranges for HbA1lc and glucose. Note that, for the
purposes of data aggregation, time in automated modes, which were
variably labelled across studies, for example, as “time in automation”
or “time in auto mode”, were grouped as a single outcome.

For outcomes, central estimates (e.g., means) and, where avail-
able, estimates of uncertainty (e.g., SD) were extracted for overall
cohorts/groups and for groups defined by baseline age and the use of
optimal device settings. Data for all measures and time points were
extracted, with estimates from the shortest follow-up used in the base
case analysis. Outcome data were supplemented with information on
sample size and age ranges. In addition, study meta-data such as the
first author, year of publication, and journal were extracted, as was
baseline information, where available, on age, sex, ethnicity/race, dia-

betes duration, and prior treatment.

24 | Risk of bias
The risk of bias (RoB) was assessed separately for glycaemic outcomes
obtained from CGM, which were based on automatic data upload, and

for outcomes measured at healthcare points of contact, such as
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HbA1c, or via questionnaire and patient report, such as hypoglycae-
mic events. The ROBINS-I tool (version 2) was used for RoB evalua-
tion, independently by two reviewers, with conflicts resolved by

consensus.

2.5 | Statistical analysis
For each outcome, as a first step, unweighted and sample size-
weighted means of means were calculated across studies (Figure 1).
Subsequently, random-effects models with AID system as a modera-
tor variable were estimated for each outcome for which 22 estimates
were available. Specifically, random effects assumed that different
user groups contributing data to the analysis could be nested within
studies, for example, when groups using different AID systems in
head-to-head studies were included.’**?> Models were fitted using
restricted maximum likelihood (REML), on the logit scale for continu-
ous proportions (such as TIR) and on the identity scale for other out-
comes (such as SG). Profile likelihood plots were used to investigate
REML estimates and parameter identifiability.>>

Test statistics and Cls for fixed AID system effects were com-
puted using t-tests, for an alpha level of 0.05 (unless specified differ-
ently, “significant” in this paper refers to statistical significance at an
alpha level of 0.05). Omnibus tests were performed to assess if there
were significant differences between model coefficients, with Mini-
Med™ 780G chosen as the intercept as it was the AID system with
the most data available.>? Residual heterogeneity was assessed
with the Qg test.>>54

Step 1

* Obtain means and SDs for each
outcome

Standard errors and Cls reported with a mean value were directly
converted to SDs.’® If no SD, standard error, or Cl was available, SDs
were derived using the prognostic method developed by Ma et al,
which predicts missing SDs as the average of available SDs.”>>% If no
SD could be calculated, the corresponding mean estimate was tabu-
lated and included in pooled means, but not in meta-analysis. Medians
were converted to means using the Box-Cox method, which does not
assume the underlying data to be normally distributed.®%” For the
study by Forlenza et al.,>® only a median with no measure of uncer-
tainty was available for the entire cohort, but means and SDs were
available for subgroups covering the entire cohort, so these were used
instead.

The development and analysis of evidence networks, which was
planned to be conducted if feasible, could not ultimately be per-

formed. Analyses and plotting were done using R v.4.5.0.5257-61

2.6 | Sensitivity and scenario analyses

Sensitivity analyses (not pre-specified) were conducted with means
derived from medians using quantile estimation®” and the method for

unknown, non-normal distributions,®?

respectively. Additional sensi-
tivity analyses were performed by selecting estimates with the longest
follow-up from longitudinal studies and by using small sample-
adjusted, cluster-robust tests.>>¢3¢

Pre-specified scenario analyses were performed by overall RoB
and age group, by stratifying by these variables when calculating

pooled means and by adding them as another moderator variable

Step 2

* Calculate unweighted means
> and SDs, pooled across studies

e Convert from median and
measures of uncertainty if
necessary

Step 4

Evaluate REML estimates and
parameter identifiability using profile |

* Calculate sample size-weighted
means and SDs, pooled across
studies

Step 3

Perform meta-analysis by fitting
random-effects models with AID

likelihood plots

Step 5

Perform statistical tests for

system as fixed effect, using REML

Step 6

* Perform sensitivity analyses

* Fixed effects (t-test)

* Differences between model
coefficients (omnibus test)

* Residual heterogeneity (Qg)

> (different approaches to
estimation)

¢ Perform scenario analyses
(different data and/or subgroups)

FIGURE 1 Analytic workflow for each outcome. AID, automated insulin delivery; REML, restricted maximum likelihood; SD, standard

deviation.
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besides AID system in meta-analyses. While an age-based scenario
analysis was prespecified, the exact age ranges to be used were not,
as it was anticipated that studies would employ different definitions,
for example, for paediatric groups. Instead, age groups were informed
by age inclusion criteria specified in each study, defining the youngest
age group as <15, <18, and <21 years and the oldest age group as
>55 and >65 years, respectively, leading to six analyses conducted for
age groups. Note that the available data on age allowed only relatively
coarse grouping. Groups with no age inclusion criteria specified were
excluded from these analyses.

An additional, non-prespecified scenario analysis was con-
ducted for using “optimal” device settings, which were grouped
across different manufacturer terminology as using the
manufacturer-recommended settings (consistent use of a 100 mg/
dL glucose target and active insulin time of 2 h for the MiniMed
780G; 110 mg/dL for Omnipod 5) to achieve the best outcomes in
the absence of specific concerns such as user propensity towards
hypoglycaemia. For this analysis, data from the cohorts using opti-
mal settings reported across studies were used. The analysis was
not prespecified as it was not initially anticipated that sufficient data
would be available from the literature but, when data were ulti-
mately found to be sufficient, was conducted to assess outcomes
with stringent use recommended for tight glycaemic control.
Another non-prespecified scenario analysis was run by incorporat-
ing baseline TIR, where reported, as a predictor in meta-analysis.
For meta-analyses, scenario analyses were implemented by adding
the variable of interest as a moderator in addition to the AID

system.

One pre-specified scenario analysis, by type of data upload, could
not be conducted as there was no variation in the data.

2.7 | Ethics
The present analysis uses previously collected data from published
studies. It does not contain any studies with human participants or

animals performed by any of the authors.

3 | RESULTS

3.1 | Study selection and overview

The literature searches retrieved 846 hits, of which 63 were
removed as duplicates (Figure 2). Forty-five articles underwent full-
text review, with 36 records covering 34 studies ultimately included
(see Table 1, and Table S3 for studies excluded during full-text
review).274043.5865-96 Tha studies reported on 635 463 users,
mostly from European/Middle Eastern/African countries (n = 17
studies) and the US (n = 12). Sixteen studies reported on the Mini-
Med™ 780G, nine on Control-IQ™, six on the MiniMed™ 670G, with
<3 studies for other devices but 21 study for each commercial AID
system. Seven studies reported data on two systems, with four

75808485 and three com-

reporting on different MiniMed™ devices
paring systems from different manufacturers.t29%%° The mean

(SD) reported follow-up time was 8.2 (5.8) months, whereas the

Identification of studies via databases and registers

E Records identified from Records removed before screening:

© ¢ Databases (n=846) * Duplicate records removed (n=63)

fﬁ ¢ PubMed (n=718) » + Records marked ineligible by automation
e * Embase (n=128) tools (n=0)

g * Registers (n=0) ¢ Records removed for other reasons (n=0)

Records screened (n=783)

v

Records excluded (n=738)

ap -
= Records sought for retrieval »| Records not retrieved (n=0)
= (n=45)
o
FIGURE 2 PRISMA flow diagram. 3 R ” luded (n29)
. . . ecords excluded (n=9):
AID, automated insulin delivery; PRISMA, Records assessed for eligibility _| * Results not available by AID system (n=6)

preferred reporting items for systematic (n=45)
reviews and meta-analyses; T1D, type

"]+ Not=250 participants (n=2)
« NotT1D (n=1)

1 diabetes. A record is a published unit

for a piece of research (a study). Multiple
records may exist for a study, for
example, a published article investigating
effectiveness outcomes and another
article investigating safety outcomes.

Included

Included in review:
¢ Studies (n=34)
* Records (n=36)
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mean (SD) reported follow-up time weighted by sample size was 7.2
(2.8) months.

3.2 | Main analyses

3.21 | Pooled means

Time in range and glucose outcomes

Pooling mean values across studies indicated that unweighted mean
(SD) TIR ranged from 60.0% (5.4) for Omnipod® 5 to 73.8% (2.8) for
MiniMed™ 780G (Table 2 and Figure S1). Sample size-weighted
means for TIR ranged from 63.2% (5.5) to 73.2% (1.5) for the same
AID systems (Table 2 and Figure 3). There was between-system varia-
tion for other time-in-range outcomes (Table 2), including TBR54
(weighted means from 0.3% for Control-IQ, Omnipod 5, and DBLG
1 to 0.6% for MiniMed 670G; Figures S2 and S3) and TBR70
(weighted means from 1.2% for Control-IQ to 2.6% for CamAPS FX;
Figures S4 and S5), as well as TAR180 (weighted means from 23.7%
[2.6] for MiniMed 780G to 35.4% [5.7] for Omnipod 5; Figures Sé and
S7) and TAR250 (weighted means from 5.8% [0.8] for MiniMed 780G
to 17.2% [0.8] for Omnipod 5; Figures S8 and S9). Estimates for TITR
were available for only three devices, with weighted means ranging
from 45.1% (1.6) for Control-IQ to 49.1% (1.0) for MiniMed 780G
(Figures S10 and S11).

Among glycaemic outcomes, HbAlc, one of the main outcomes,
was available for only three devices (Table 2). Mean values ranged
from 6.5% for Loop (based on a single estimate) to 7.1% (0.3 for
unweighted, 0.2 for weighted means) for MiniMed 780G (Figure 4,
Figure S12). More data were available for SG, for which weighted
means ranged from 147 mg/dL for Loop (based on a single estimate)
to 175.9 mg/dL (2.3) for Omnipod 5 (Figures S13 and S14), and for
SD, for which weighted means ranged from 47.1 mg/dL (1.2)
for Control-1Q to 55.8 for CamAPS FX (based on a single estimate;
Figures S15 and S16). For CV, weighted means ranged from 29.9 (0.7)
for Control-IQ to 39.1 (0.6) for Omnipod 5 (Figures S17 and S18).
There was limited variability between AID systems in GMI
(Figures S19 and S20) and GRI (Figures S21 and $22), with GRI data
available only for Control-1Q and MiniMed 780G.

3.2.2 | Glycaemic targets, hypoglycaemia, and time
in automation

With respect to data on glycaemic targets, MiniMed 780G was the
only system for which data were reported consistently and with multi-
ple estimates available (Table S4). A between-system comparison was
possible for users reaching TIR >70%, for which MiniMed 780G
showed the highest percentage when compared to Loop and Mini-
Med 670G, although few estimates were available for the latter two
systems. For users reaching TBR54 < 1%, estimates based on <1000

users indicated slightly higher percentages for Control-IQ and

Omnipod 5, relative to the pooled estimate across 161,900 users for
MiniMed 780G (weighted mean 89.1% [2.2]). For TBR70 < 4%, mean
achievement ranged from 68% with Loop to 94.2% (1.9) for
Omnipod 5.

Severe hypoglycaemic events (SHE) data were available from one
estimate each for CamAPS FX and Loop, and two estimates for
Control-1Q, with per-person-year estimates of 0.0-0.1.

Weighted estimates for time in automation/closed loop ranged
from 63.5% for MiniMed 670/770G, based on a single estimate, to
93.6% (0.9) for Control-1Q (Figures S23 and S24).

3.23 | Meta-analyses

Meta-analysis could be performed for 15 outcomes. For TIR, meta-
analysis indicated the numerically highest mean (95% Cl) for MiniMed
780G (73.9% [72.3 to 75.5], p < 0.0001), followed by Loop (73.0%
[63.1 to 81.1], p = 0.795) (Table 3 and Figure 5). MiniMed 670G and
Omnipod 5 were associated with significantly lower TIR than Mini-
Med 780G. While accounting for AID system already explained a sig-
nificant amount of TIR, TAR180, and TAR250 variation between
studies (as seen from omnibus tests), significant residual heterogene-
ity remained even after adjusting for system. Specifically, MiniMed
670G (for TAR180) and Omnipod 5 (for TAR180 and TAR250) were
associated with higher TAR than MiniMed 780G (Table 3 and
Figure S25). For TITR, the highest estimate, based on a single study,
was for Loop (51.0% [45.8 to 56.2]), which was not significantly differ-
ent from MiniMed 780G (50.1% [48.9 to 51.4]), which in turn was sig-
nificantly higher than for Control-1Q (44.6% [40.7 to 48.7]). No
significant differences between systems were identified for TBR54,
but DBLG 1 was associated with significantly lower TBR70 relative to
MiniMed 780G. Profile likelihood plots for time-in-range outcomes
indicated no issues with estimation and parameter identifiability
(Figures S27-S34).

For HbA1c, both Loop (6.5% [5.4 to 7.7]) and Control-1Q (6.8%
[6.0 to 7.6]) were associated with numerically lower estimates than
MiniMed 780 (7.0% [6.7 to 7.4]), but the difference was not signifi-
cant (Table 3 and Figure 5). As with TIR, there was significant resid-
ual heterogeneity after adjusting for AID system, with adjustment
unable to account for the HbAl1c variation observed. For the
remaining glycaemic outcomes, significant residual heterogeneity
but no significant difference between systems was observed, except
for GMI and SG, which were significantly higher for Omnipod 5 and,
for SG, MiniMed 670/770G, than for MiniMed 780G (Table 3 and
Figure S26). For MiniMed 670/770G, time in automation was also
significantly lower than for MiniMed 780G, while time in automa-
tion with Control-1Q was significantly higher. Profile likelihood plots
for glycaemic outcomes and time in automation (Figures S35-541),
except for between-cluster variance for SG (Figure S36) and SD
(Figure S37) as well as within-cluster variance for GRI (Figure S40),
again indicated no issues with estimation and parameter
identifiability.
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TABLE 2 Pooled unweighted and sample size-weighted means for time-in-range and glucose outcomes.
Mean (SD)
Nr. of user groups
AID system contributing data Total participants Unweighted Weighted
TIR (%)
CamAPS FX 2 9269 72.8(0.3) 72.9(0.2)
Control-1IQ 9 53 654 71.0(4.4) 70.8 (1.7)
DBLG1 2 12 743 69.9 (2.6) 69.1(1.7)
Loop 1 558 73.0 73.0
MiniMed 670/770G 1 5523 67.3 67.3
MiniMed 670G 7 141 864 69.3(4.9) 70.6 (0.7)
MiniMed 780G 20 337 364 73.8(2.8) 73.2(1.5)
Omnipod 5 6 70 233 60.0 (5.4) 63.2 (5.5)
HbA1c (%)
Control-1IQ 3 1013 6.8 (0.1) 6.8 (0.1)
Loop 1 558 6.5 6.5
MiniMed 780G 4 1350 7.1(0.3) 7.1(0.2)
CV (%)
CamAPS FX 1 1805 36.2 36.2
Control-1IQ 5 42 355 31.8(2.1) 29.9(0.7)
DBLG1 1 3707 31.2 31.2
Loop 1 558 36.1 36.1
MiniMed 670/770G 1 5523 34.5 34.5
MiniMed 670G 1 123 555 36.1 36.1
MiniMed 780G 12 123 235 31.6(8.7) 33.1(5.5)
Omnipod 5 2 297 39.0(0.9) 39.1(0.6)
GMI (%)
CamAPS FX 1 1805 6.9 6.9
Control-1Q 3 20 156 7.0(0.1) 7.0 (0.0)
DBLG1 1 3707 7.0 7.0
MiniMed 670/770G 1 5523 7.2 7.2
MiniMed 670G 2 138 454 7.0 (0.0) 7.0 (0.0)
MiniMed 780G 18 336 666 6.9 (0.1) 6.9 (0.1)
Omnipod 5 3 69 722 7.5(0.4) 7.4(0.2)
GRI
Control-IQ 2 684 32.6(2.0) 32.1(1.3)
MiniMed 780G 3 822 29.4(1.6) 29.1(1.3)
SD (mg/dL)
CamAPS FX 1 1805 55.8 55.8
Control-1IQ 3 20 156 50.5 (3.6) 47.1(1.2)
DBLG1 1 3707 50.7 50.7
Loop 1 558 52.6 52.6
MiniMed 670/770G 1 5523 55.7 55.7
MiniMed 780G [¢) 61 394 52.5(3.5) 52.1(2.7)
SG (mg/dL)
CamAPS FX 2 9269 151.1(0.1) 151.0(0.1)
Control-1IQ 7 53229 154.4 (5.8) 156.4 (2.7)
DBLG1 1 3707 157.0 157.0
Loop 1 558 147.0 147.0

(Continues)
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TABLE 2 (Continued)
Nr. of user groups Mean (SD)

AID system contributing data Total participants Unweighted Weighted
MiniMed 670/770G 1 5523 160.6 160.6
MiniMed 670G 6 126 965 158.9 (8.0) 155.9(0.7)
MiniMed 780G 17 332546 149.6 (4.9) 150.7 (2.2)
Omnipod 5 2 297 176.2 (3.2) 175.9 (2.3)

TAR140 (%)

Control-1Q 1 473 51.6 51.6
MiniMed 780G 1 7499 429 42.9

TAR140-180 (%)

Control-1Q 1 473 257 25.7
MiniMed 780G 1 7499 25.6 25.6
TAR180 (%)
CamAPS FX 2 9269 24.9 (0.2) 24.9(0.1)
Control-1Q 7 45 627 25.7 (3.4) 27.7 (1.6)
DBLG1 1 3707 20.7 20.7
Loop 1 558 24.0 24.0
MiniMed 670/770G 1 5523 30.6 30.6
MiniMed 670G 7 141 864 28.7 (5.0) 27.3(0.7)
MiniMed 780G 20 337 364 23.6(3.1) 23.7 (2.6)
Omnipod 5 5 70 019 38.9 (5.7) 35.4(5.7)

TAR180-250 (%)

Control-1Q 5 28 180 18.7 (1.1) 19.7 (0.5)
MiniMed 670/770G 1 5523 22.2 222

MiniMed 670G 3 141 595 19.9 (0.8) 20.7 (0.4)
MiniMed 780G 20 337 364 18.4(1.6) 18.9 (0.8)

TAR250 (%)

CamAPS FX 2 9269 6.2 (0.7) 5.9 (0.4)
Control-1Q 8 53 440 6.9 (1.9) 7.7 (0.9)
DBLG1 1 3707 6.2 6.2

Loop 1 558 5.7 5.7
MiniMed 670/770G 1 5523 84 8.4
MiniMed 670G 3 141 595 6.0(0.7) 6.6 (0.3)
MiniMed 780G 20 337 364 5.5(1.4) 5.8(0.8)
Omnipod 5 2 297 17.3(1.2) 17.2 (0.8)

TBR54 (%)

CamAPS FX 2 9269 0.5(0.0) 0.5(0.0)
Control-1Q 7 45 627 0.5(0.3) 0.3(0.1)
DBLG1 1 3707 0.3 0.3
Loop 1 558 0.8 0.8
MiniMed 670/770G 1 5523 0.5 0.5
MiniMed 670G 3 141 595 0.5(0.2) 0.6 (0.0)
MiniMed 780G 20 337 364 0.5(0.1) 0.4 (0.1)
Omnipod 5 5 70 019 0.4(0.2) 0.3(0.0)

TBR54-70 (%)

Control-IQ 5 28 180 1.8(0.7) 1.3(0.2)
MiniMed 670/770G 1 5523 1.5 1.5
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TABLE 2 (Continued)

Nr. of user groups

AID system contributing data
MiniMed 670G 3
MiniMed 780G 20
Omnipod 5 3

TBR70 (%)

CamAPS FX 2
Control-IQ 7
DBLG1 2
Loop 1
MiniMed 670/770G 1
MiniMed 670G 7
MiniMed 780G 20
Omnipod 5 5

TITR (%)

Control-IQ 2
Loop 1
MiniMed 780G 8

WILEY_L %

Mean (SD)
Total participants Unweighted Weighted
141 595 1.7 (0.1) 1.6 (0.1)
337 364 1.8 (0.4) 1.7 (0.2)
69 722 1.0(0.2) 1.1(0.2)
9269 2.6(0.1) 2.6 (0.0
45 627 2.1(0.9) 1.5(0.2)
12 743 1.1(0.2) 1.2(0.1)
558 31 31
5523 2.0 2.0
141 864 2.3(0.4) 2.2(0.1)
337 364 2.3(0.5) 2.1(0.3)
70019 1.8(0.7) 1.4(0.2)
802 44.8(2.3) 45.1 (1.6)
558 51.0 51.0
107 564 50.2 (1.3) 49.1 (1.0)

Note: AID systems are ordered alphabetically for each outcome. If a device is not reported for an outcome, no usable data were identified for this
outcome-device combination. Data are means and standard deviations of reported and derived means.

Abbreviations: AID, automated insulin delivery; CV, coefficient of variation; GMI, glucose management indicator; GRI, glycaemic risk index; HbA1c,
glycated haemoglobin; SD, standard deviation; SG, sensor glucose; TAR140, time above 140 mg/dL; TAR140-180, time in 140-180 mg/dL range; TAR180,
time above 180 mg/dL; TAR180-250, time in 180-250 mg/dL range; TAR250, time above 250 mg/dL; TBR54, time below 54 mg/dL; TBR54-70, time in
54-70 mg/dL range; TBR70, time below 70 mg/dL; TIR, time in range; TITR, time in tight range.

3.24 | Sensitivity analyses

Pooled means

Using different methods to derive means from medians had minimal
impact on pooled means (Tables S5 and Sé). Estimates for Control-1Q,
Loop, and Omnipod 5, many of which were reported as medians, were
consequently affected more than for the remaining systems, but
changes were small and did not meaningfully influence conclusions
regarding relative system performance. Similarly, using outcomes
reported at the longest, rather than the earliest, follow-up time point
in longitudinal studies led to minimal numeric changes across devices

and outcomes (Table S7).

Meta-analyses
Meta-analyses based on data with means derived from medians using
guantile estimation and MLN generally confirmed numerical and sig-
nificance findings from the main analyses (Tables S8 and S9 and
Figures S42-S71), as did the sensitivity analyses based on selecting
outcomes from the longest follow-up (Table S10 and Figures S72-586).
An exception was GRI, for which Control-IQ estimates were signifi-
cantly higher than those for MiniMed 780. When using MLN, the
numerically higher SG value for Control-IQ was also no longer signifi-
cantly different from MiniMed 780G.

With robust estimation, most Cls narrowed, particularly for devices
with a more limited evidence base (Table S11 and Figures S87-5101).

Relative to the main analysis, TIR was significantly lower for DBLG
1 and MiniMed 670/770G versus MiniMed 780G. Loop was now asso-
ciated with significantly lower HbA1c than MiniMed 780G. There was
no consistent pattern in changes of statistical significance versus the

main analysis across outcomes.

3.25 | Scenario analyses

Pooled means

Investigating groups using optimal device settings limited the analysis
to Omnipod 5 and MiniMed 780G, with most results for the former
system based on single estimates (Table S12). Pooled unweighted and
weighted means indicated higher TIR for MiniMed 780G versus
OmniPod 5 (weighted means: 79.6% [1.0] vs. 67.7%, respectively).
Notably, when using optimal settings, TAR estimates were higher
(weighted mean TAR180: 30.6% vs. 18.3% [1.1]) and TBR estimates
lower (weighted mean TBR70: 1.6% vs. 2.3% [0.4]) for Omnipod 5 ver-
sus MiniMed 780G.

Analyses around age groups reduced the number of estimates
and participants across AID systems. Age-related differences were
generally modest, but across systems, younger and, albeit to a lesser
extent, older users exhibited less favourable outcomes relative to
users in middle age and overall estimates (Tables S13-518). This pat-

tern was particularly pronounced for MiniMed 780G, for which
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~@- CamAPSFX -@- DBLG1

AID

@~ Control-IQ @~ Loop

MiniMed 670/770G  ~@~ MiniMed 780G

@ 30000 . 90,000
N
@ s . 120,000

-@- MiniMed 670G Omnipod 5

TIR (%) |

Matejko 2024 | Polish users
Smaniotto 2025 | Older users
Thrasher 2024 | Newly initiating
Pinsker 2021 | Overall

Grassi 2023 | Overall

Da Silva 2022 | Overall (post)
Castafieda 2022 | Overall

Arrieta 2022 | Overall (post)
Passanisi 2024 | Overall

Piona 2024 | Overall

Santova 2023 | Overall

Castafieda 2024 | Age >15 years
Berget 2021 | Older adults

Stone 2018 | Overall

Smaniotto 2025 | Younger users
Royston 2025 | "Ease-off"/"boost" off
Matejko 2024 | Non-Polish users
Lum 2021 | Overall

Cordero 2023 | Adult

Santova 2023 | Overall

Halim 2024 | Overall (post-AHCL)
Alwan 2023 | Overall

Dekker 2024 | Achievement cohort
Choudhary 2024 | Overall (post)
Breton 2021 | Overall

De Meulemeester 2025 | Overall

Da Silva 2021 | Overall (post)
Benhamou 2023 | Overall

Kovatchev 2022 | Overall

Castafieda 2024 | Age =15 years
Berget 2021 | Adults

Arunachalum 2023 | Overall

Lepore 2024 | Overall

Messer 2023 | Overall

Cordero 2023 | Pediatric

Piona 2024 | Overall

Lebbad 2024 | Overall

Forlenza 2024 | Average glucose target of 110 mg/dL
Halim 2024 | Overall (post-AHCL)
Graham 2024 | Overall

Gera 2025 | All with Omnipod 5
Berget 2021 | Young adults

Gera 2025 | All with CIQ

Berget 2021 | Youth

Forlenza 2024 | Average glucose target of 120 mg/dL
Meighan 2024 | Overall (self instruct)
Meighan 2024 | Overall (CDCES)
Forlenza 2024 | Average glucose target of 130-150 mg/dL

FIGURE 3

50 75 100
Mean (standard deviation)

Sample size-weighted TIR estimates. AHCL, advanced hybrid closed loop; AID, automated insulin delivery; CDCES, Certified

Diabetes Care and Education Specialist®; CIQ, Control-IQ; DBLG 1, Diabeloop Generation 1; TIR, time in range (70-180 mg/dL [3.9-10.0 mmol/L]).
The dashed line indicates the consensus target of TIR >70%.%7- Circles indicate means, and bars indicate standard deviations. Note that Meighan

et al. reported exceptionally narrow uncertainty intervals for TIR.*

glycaemic outcomes, including TIR, were consistently less favourable
in younger users relative to the overall cohort and middle-aged users.
For Control-1Q, glycaemic variability was consistently higher in youn-
ger users, but results regarding TAR, TBR, and SG showed more vari-
able change across age groups relative to overall estimates (of note,
MiniMed 780G and Control-1Q were the only systems with sufficient
data available to allow meaningful age-related scenario analyses). As
RoB varied little across studies and outcomes (Figure S177), scenario
analyses were limited to exploring HbAlc and SHE, for which no
meaningful differences in pooled means versus the main analysis were
observed (Table S19).

Meta-analyses

Meta-analyses of groups using optimal device settings were also lim-
ited to a comparison of Omnipod 5 with MiniMed 780G and feasible
only for GMI and several time-in-range outcomes, with significant
residual heterogeneity in all analyses (Table 520 and Figures $102-5107).
Significant differences were estimated for TIR, which was higher
for MiniMed 780G (79.9% [79.0 to 80.8]) than for Omnipod

5 (67.7% [61.8 to 73.1]), and for GMI and TAR180, where lower
values were estimated for MiniMed 780G. Time in automation and
TBR estimates were non-significantly higher for MiniMed 780G.
Scenario analyses demonstrated age to be a major effect modifier,
with heterogeneity significantly reduced if age was accounted for
(Table S20-5S25 and Figures S108-S176). Younger users, across age
group definitions and AID systems, experienced more hypoglycaemia
and glucose variability relative to overall and older user groups, while
time in automation was significantly higher for older versus younger
and overall user groups. System-specific estimates after age adjust-
ment showed limited changes relative to the main analysis for Mini-
Med 780G and Omnipod 5. More pronounced changes in numeric
estimates and statistical significance were observed for Control-1Q,
for which several outcomes, including TIR and TAR250, remained
numerically less favourable than for MiniMed 780G but with the dif-
ference were no longer significant. Notably, TITR remained lower with
Control-1Q versus MiniMed 780G in age group scenario analyses. Sce-
nario analyses considering RoB were limited to HbA1c (Table 527 and

Figure S178), for which no significant change versus the main analysis
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FIGURE 4

Mean (standard deviation)

Sample size-weighted HbA1c estimates. AID, automated insulin delivery; HbA1c, glycated haemoglobin. The dashed line indicates

an HbA1c target of <7%.%8 Circles indicate means, and bars indicate standard deviations.

and no significant effect of serious versus moderate RoB were identi-
fied. When adjusting for baseline TIR, which was feasible for only
11 studies, the numerically highest TIR was observed for MiniMed
780G, followed by Control-1Q, but differences between systems were
no longer statistically significant (Table $28 and Figures S179-5188).
Statistically significant differences favouring MiniMed 780G were
observed for SG, TAR180-250, TAR250, and TBR54-250, while
Omnipod 5 was associated with numerically and statistically signifi-
cantly higher TAR250 than other devices. No statistically significant
differences between the remaining devices and for other outcomes
were observed. For most outcomes, including TIR, statistically signifi-

cant residual heterogeneity remained after adjusting for baseline TIR.

4 | DISCUSSION

The present review provides an overview and synthesis of a range of
glycaemic outcomes associated with real-world use of commercially
available AID systems. Large studies reflective of real-world AID use
by populations with T1D were eligible, with considerable differences
in data availability and user cohort size between the different systems.

Means pooled across studies for and meta-analyses demonstrated

notable differences in glycaemic control achieved by different sys-
tems. MiniMed 780G demonstrated the highest TIR at 72.9%, with
meta-analysis indicating higher TIR compared with other systems.
CamAPS FX also showed high pooled TIR (72.9%), although fewer
estimates were available, followed by Control-1Q, which had the high-
est time in automation and Loop. Omnipod 5 users had the lowest
pooled TIR at 63.2%. MiniMed 780G additionally exhibited the most
favourable TAR metrics, whereas Omnipod 5 showed the highest
values in these domains. Control-IQ, Omnipod 5, and DBLG1 were
associated with the lowest rates of hypoglycaemia (TBR54 and
TBR70). Low SHE rates were estimated for all systems with available
data. The limited HbAlc data suggested no significant between-
system differences. Sensitivity analyses confirmed the main analysis.
Scenario analyses based on optimal settings limited the comparison to
MiniMed 780G and Omnipod 5, with significantly higher GMI and
TAR180 but significantly lower TIR for Omnipod 5. Analyses incorpo-
rating age suggested that this was an important predictor, with youn-
ger patients consistently reporting higher hypoglycaemia and
glycaemic variability relative to overall estimates and older users.
Adjusting for baseline TIR, albeit only feasible for relatively few stud-
ies, reduced differences between systems, including TIR, although

residual heterogeneity remained.
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TABLE 3 Meta-analytic results for the main analysis.

C

Mean (95% ClI) coefficient

Model

Converted

TIR (QE: 9285.9 [p = 0.000]; QM: 6.317 [p = 0.000]; between|within cluster variance: 0.000|0.028; estimates: 45)

MiniMed 780G
CamAPS FX
Control-1Q

DBLG1

Loop

MiniMed 670/770G
MiniMed 670G
Omnipod 5

1.043 (0.966 to 1.120)
—0.058 (—0.314 to 0.198)
—0.138 (—0.275 to 0.000)
—0.201 (—0.457 to 0.055)
—0.048 (—0.406 to 0.309)
—0.321 (—0.669 to 0.027)
—0.216 (—0.374 to —0.058)
—0.648 (—0.859 to —0.437)

73.9% (72.4 to 75.4)
72.8% (65.7 to 78.9)
71.2% (66.6 to 75.4)
69.9% (62.4 to 76.4)
73.0% (63.6 to 80.7)
67.3% (57.4 to 75.9)
69.6% (64.4 to 74.3)
59.7% (52.7 to 66.4)

HbA1c (QE: 150.4 [p = 0.000]; QM: 2.864 [p = 0.201]; between|within cluster variance: 0.000|0.001; estimates: 8)

MiniMed 780G
Control—IQ
Loop

—2.579 (—2.637 to —2.521)
—0.046 (—0.117 to 0.026)
—0.087 (—0.216 to 0.042)

7.1% (6.7 to 7.4)
6.8% (6.0 to 7.6)
6.5% (5.5 to 7.7)

CV (QE: 27299.1 [p = 0.000]; QM: 0.149 [p = 0.991]; between|within cluster variance: 0.407|0.006; estimates: 24)

MiniMed 780G
CamAPS FX
Control-I1Q

DBLG1

Loop

MiniMed 670/770G
MiniMed 670G
Omnipod 5

GMI (QE: 13260.6 [p = 0.000]; QM: 2.032 [p = 0.136]; between|within cluster variance: 0.000|0.000; estimates: 26)

MiniMed 780G
CamAPS FX
Control-I1Q

DBLG1

MiniMed 670/770G
MiniMed 670G

—0.861 (—1.247 to —0.475)
0.294 (-1.173 to 1.762)
—0.043 (-0.276 to 0.191)
0.070 (—1.398 to 1.538)
0.291 (-1.177 to 1.759)
0.012 (-0.228 to 0.252)
0.290 (—1.178 to 1.757)
0.414 (—1.048 to 1.877)

—2.607 (—2.616 to —2.597)
0.005 (—0.037 to 0.046)
0.012 (—0.013 to 0.037)
0.027 (—0.015 to 0.068)
0.050 (0.010 to 0.090)
0.020 (—0.010 to 0.050)

29.7% (22.3 to 38.3)
36.2% (8.2 to 78.4)
28.8% (17.9 to 42.9)
31.2% (6.6 to 74.3)
36.1% (8.1 to 78.3)
30.0% (18.6 to 44.5)
36.1% (8.1 to 78.3)
39.0% (9.2 to 80.2)

6.9% (6.8 t0 6.9)
6.9% (6.6 to 7.2)
6.9% (6.7 to 7.2)
7.0% (6.7 to 7.4)
7.2% (6.9 to 7.5)
7.0% (6.7 to 7.3)

GRI (QE: 15.6 [p = 0.001]; QM: 7.192 [p = 0.075]; between|within cluster variance: 2.100|0.000; estimates: 5)

MiniMed 780G
Control-IQ

SD (QE: 3918.5 [p = 0.000]; QM: 0.621 [p = 0.696]; between|within cluster variance:

MiniMed 780G
CamAPS FX
Control-IQ

DBLG1

Loop

MiniMed 670/770G

SG (QE: 9170.6 [p = 0.000]; QM: 7.898 [p = 0.000]; between|within cluster variance:

MiniMed 780G
CamAPS FX
Control-1Q
DBLG1

Loop

29.327 (25.494 to 33.159)
2.984 (—0.557 to 6.525)

52.501 (48.540 to 56.462)
3.299 (—7.158 to 13.756)
—2.080 (—7.960 to 3.800)
—1.801 (—12.236 to 8.634)
0.820 (—9.711 to 11.351)
3.199 (—5.687 to 12.085)

149.551 (146.860 to 152.241)
1.549 (-6.732 to 9.829)
4.885 (0.012 to 9.759)

7.449 (—3.937 to 18.836)
—2.551(—14.103 to 9.002)

29.3(25.5t0 33.2)

32.3(24.9 to 39.7)
0.000|12.063; estimates: 13)
52.5 mg/dL (48.5 to 56.5)
55.8 mg/dL (41.4 to 70.2)
50.4 mg/dL (40.6 to 60.3)
50.7 mg/dL (36.3 to 65.1)
53.3 mg/dL (38.8 to 67.8)
55.7 mg/dL (42.9 to 68.5)
0.000|27.865; estimates: 37)
149.6 mg/dL (146.9 to 152.2)
151.1 mg/dL (140.1 to 162.1)
154.4 mg/dL (146.9 to 162.0)
157.0 mg/dL (142.9 to 171.1)
147.0 mg/dL (132.8 to 161.2)

p-value

0.000
0.643
0.050
0.118
0.783
0.069
0.010
0.000

0.000
0.163
0.121

0.000
0.668
0.702
0.918
0.671
0.916
0.672
0.546

0.000
0.814
0.325
0.187
0.016
0.171

0.001
0.075

0.000
0.431
0.431
0.657
0.839
0.423

0.000
0.700
0.049
0.187
0.649
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TABLE 3

(Continued)

Mean (95% ClI) coefficient
c Model Converted p-value
MiniMed 670/770G 11.049 (-0.074 to 22.172) 160.6 mg/dL (146.8 to 174.4) 0.051
MiniMed 670G 8.932(3.329 to 14.535) 158.5 mg/dL (150.2 to 166.8) 0.003
Omnipod 5 26.719 (18.446 to 34.993) 176.3 mg/dL (165.3 to 187.2) 0.000
TAR180 (QE: 19251.5 [p = 0.000]; QM: 5.436 [p = 0.001]; between|within cluster variance: 0.006|0.025; estimates: 41)
MiniMed 780G —1.179 (-1.262 to —1.095) 23.5% (22.1 to 25.1) 0.000
CamAPS FX 0.072 (—0.197 to 0.341) 24.9% (18.9 to 32.0) 0.585
Control—1Q 0.107 (—0.049 to 0.263) 25.5% (21.2 to 30.3) 0.172
DBLG1 —0.164 (-0.535 to 0.207) 20.7% (14.2 to 29.1) 0.368
Loop 0.026 (—0.351 to 0.403) 24.0% (16.6 to 33.4) 0.888
MiniMed 670/770G 0.340 (—0.015 to 0.694) 30.2% (21.8 to 40.1) 0.060
MiniMed 670G 0.231 (0.051 to 0.410) 27.9% (23.0 to 33.5) 0.014
Omnipod 5 0.760 (0.469 to 1.050) 39.7% (31.1 to 48.9) 0.000
TAR180-250 (QE: 4931.9 [p = 0.000]; QM: 2.629 [p = 0.082]; between|within cluster variance: 0.000]|0.009; estimates: 29)
MiniMed 780G —1.492 (-1.538 to —1.446) 18.4% (17.7 to 19.1) 0.000
Control—1Q 0.023 (—0.080 to 0.125) 18.7% (16.5 to 21.1) 0.655
MiniMed 670/770G 0.238 (0.032 to 0.444) 22.2% (18.2 to 26.8) 0.025
MiniMed 670G 0.101 (—0.026 to 0.228) 19.9% (17.3 to 22.8) 0.111
TAR250 (QE: 9660.3 [p = 0.000]; QM: 7.485 [p = 0.000]; between|within cluster variance: 0.000|0.064; estimates: 38)
MiniMed 780G —2.878 (—2.997 to —2.760) 5.3% (4.8 to 6.0) 0.000
CamAPS FX 0.161 (—0.229 to 0.551) 6.2% (3.8 10 9.9) 0.401
Control—1Q 0.253 (0.034 to 0.472) 6.8% (4.9 t0 9.2) 0.025
DBLG1 0.159 (—0.379 to 0.698) 6.2% (3.3 t0 11.3) 0.546
Loop 0.096 (—0.445 to 0.637) 5.8% (3.1 to 10.7) 0.717
MiniMed 670/770G 0.489 (—0.041 to 1.019) 8.4% (4.6 to 14.9) 0.069
MiniMed 670G 0.123 (—0.202 to 0.448) 6.0% (3.9 to 9.0) 0.441
Omnipod 5 1.315 (0.925 to 1.704) 17.3% (11.2 to 25.8) 0.000
TBR54 (QE: 7528.6 [p = 0.000]; QM: 0.869 [p = 0.546]; between|within cluster variance: 0.036|0.082; estimates: 37)
MiniMed 780G —5.381 (—5.549 to —5.213) 0.5% (0.4 to 0.5) 0.000
CamAPS FX 0.093 (—0.439 to 0.624) 0.5% (0.3 to 1.0) 0.721
Control—1Q —0.082 (—0.385 to 0.221) 0.4% (0.3 to 0.7) 0.584
DBLG1 —0.598 (-1.332 to 0.136) 0.3% (0.1 to 0.6) 0.105
Loop 0.512 (-0.238 to 1.262) 0.8% (0.3 t0 1.9) 0.170
MiniMed 670/770G 0.129 (—0.549 to 0.807) 0.5% (0.2 to 1.2) 0.700
MiniMed 670G 0.035 (—0.410 to 0.480) 0.5% (0.3 to 0.9) 0.870
Omnipod 5 0.122 (—0.478 to 0.723) 0.5% (0.2 to 1.1) 0.676
TBR54-70 (QE: 8583.6 [p = 0.000]; QM: 0.134 [p = 0.939]; between|within cluster variance: 0.021|0.036; estimates: 29)
MiniMed 780G —4.017 (—4.136 to —3.898) 1.8% (1.6 to 2.0) 0.000
Control-1Q —0.032 (—0.269 to 0.205) 1.7% (1.2 to 2.4) 0.785
MiniMed 670/770G —0.107 (—0.572 to 0.358) 1.6% (0.9 to 2.8) 0.639
MiniMed 670G —0.060 (—0.373 to 0.253) 1.7% (1.1 to 2.5) 0.692
TBR70 (QE: 10986.6 [p = 0.000]; QM: 2.718 [p = 0.032]; between|within cluster variance: 0.028]0.038; estimates: 43)
MiniMed 780G —3.798 (-3.924 to —3.671) 2.2% (1.9 to 2.5) 0.000
CamAPS FX 0.169 (—0.227 to 0.565) 2.6% (1.6 to 4.3) 0.387
Control-1Q —0.123 (—0.344 to 0.098) 1.9% (1.4 to 2.7) 0.265
DBLG1 —0.680 (—1.076 to —0.284) 1.1% (0.7 to 1.9) 0.002

(Continues)
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TABLE 3 (Continued)

Mean (95% ClI) coefficient

c Model Converted p-value
Loop 0.400 (—0.149 to 0.948) 3.2% (1.7 to 6.2) 0.145
MiniMed 670/770G —0.033 (—0.513 to 0.447) 2.1% (1.2 to 3.8) 0.889
MiniMed 670G 0.055 (—0.235 to 0.344) 2.3% (1.5to0 3.5) 0.701
Omnipod 5 —0.166 (—0.531 to 0.198) 1.9% (1.1 to 3.0) 0.356

Time in automation/closed loop (QE: 5438.0 [p = 0.000]; QM: 14.309 [p = 0.000]; between|within cluster variance: 0.027|0.050; estimates: 29)
MiniMed 780G 2.395(2.235 to 2.554) 91.6% (90.3 to 92.8) 0.000
CamAPS FX 0.271 (—0.346 to 0.888) 93.5% (86.9 to 96.9) 0.365
Control-1Q 0.295 (—0.001 to 0.590) 93.6% (90.3 to 95.9) 0.050
MiniMed 670/770G —1.687 (—2.238 to —1.137) 67.0% (49.9 to 80.5) 0.000
MiniMed 670G —0.762 (—1.141 to —0.383) 83.6% (74.9 to 89.8) 0.001
Omnipod 5 —0.352 (—0.749 to 0.045) 88.5% (81.6 to 93.1) 0.079

TITR (QE: 774.1 [p = 0.000]; QM: 10.737 [p = 0.016]; between|within cluster variance: 0.000|0.003; estimates: 11)
MiniMed 780G 0.005 (—0.045 to 0.055) 50.1% (48.9 to 51.4) 0.815
Control-1Q —0.220 (—0.332 to —0.108) 44.6% (40.7 to 48.7) 0.002
Loop 0.026 (—0.133 to 0.185) 50.8% (45.5 to 56.0) 0.696

Note: MiniMed 780G is specified as the reference category as it had the largest number of estimates available for most outcomes (its p-value refers to
being different from zero). The Qg test is for residual heterogeneity; the Qu test is an omnibus test of moderators.

Abbreviations: AID, automated insulin delivery; Cl, confidence interval; df, degrees of freedom; GMI, glucose management indicator; GRI, glycaemic risk
index; HbA1c, haemoglobin Alc; SD, standard deviation; SG, sensor glucose; TAR180, time above range 180 mg/dL; TAR180-250, time above range 180-
250 mg/dL; TAR250, time above range >250 mg/dL; TBR54, time below range < 54 mg/dL; TBR54-70, time below range 54-70 mg/dL; TBR70, time
below range <70 mg/dL; TIR, time in range; var., variance.

TIR (%) — higher values are better

MiniMed 780G —a—
Loop L
CamAPS FX i
Control-1Q L
DBLG1 i
MiniMed 670G i
MiniMed 670/770G i
Omnipod 5 i
0.0 0.5 1.0 1.5

HbA1c (%) — higher values are worse

AID system

MiniMed 780G HilH

Control-IQ ——

Loop |————

-2.0 -1.0 0.0
Mean (95% CI) model coefficient

FIGURE 5 Forest plot for main meta-analyses for TIR and HbA1c. AID, automated insulin delivery; Cl, confidence interval; DBLG

1, Diabeloop Generation 1; HbA1c, glycated haemoglobin; TIR, time in range. Model coefficients are from random-effects meta-analysis (see
Table 3 for numeric and converted values). Depending on the metric, higher (for TIR) and lower (for HbA1c) coefficients suggest better outcomes.
The dashed line at O is for orientation.
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These findings demonstrate that different AID systems yield vary-
ing glycaemic outcomes in real-world settings. Given that high HbAlc
and low TIR (or high TAR) are well-established risk factors for long-

12.97-101 5chieving and maintain-

term diabetes-related complications,
ing optimal glycaemic control is of critical importance. These results
demonstrate that glycaemic outcomes should play a central role in
guiding the choice of AID system, alongside factors such as usability,
device form factor, and individual preferences.

The various AID algorithms follow distinct design principles.'°? For
some algorithms, specific settings, such as glucose targets or active
insulin time, have been shown to enhance glycaemic control. Several
real-world studies included in this analysis have reported stratified
results based on so-called “optimal settings™ 27:40:43:66.73-75808184,8590
Scenario analyses confirmed that weighted means for TIR were higher
by approximately 6-7% points in users employing such settings, primar-
ily driven by a reduction in TAR. Specifically, TIR for MiniMed 780G
with optimal settings was 79.6% (1.0), relative to 73.2% (1.5) in the
overall cohort, and was 67.7% with optimal settings for Omnipod
5, relative to 63.2% (5.5) in the overall cohort. However, results for
Omnipod 5® should be interpreted with caution, as they were
derived from a single study. Optimizing settings may offer substan-
tial benefits to certain users, especially considering the long-term
diabetes-related complications.

These results were aligned with findings from RCTs on the gen-
erally good performance of AID systems regarding glycaemic out-
comes in populations with T1D, with effectiveness varying between
systems and age groups.®17222545 Results also confirmed earlier
narrative findings for RWE, including differences in available evi-
dence?! and in real-world effectiveness between AID systems® as
well as the importance of using optimal device settings.2®® In turn,
the present results were confirmed by recent real-world studies not
eligible for inclusion or published after the search cut-off date. These
included several head-to-head comparisons between MiniMed 780G
and Control-1Q, which were the systems with the best performance
overall in the present analyses, with studies investigating the interac-
tion of user characteristics with comparative system performance
and for specific settings such as after high-carbohydrate
meals.10419% Notably, in an observational study from Denmark cov-
ering 139 persons with T1D, higher TIR and TITR values with Mini-
Med 780G relative to Control-IQ were observed even after
adjustment for users' baseline characteristics.'®® Findings such as
these, and those of the present analysis in which adjustment for age
reduced differences between systems, suggest that further research
is required to corroborate relative system performance across user
groups, although particular challenges with younger relative to older
users have been firmly established.®”

Given the established benefits in terms of glycaemic control, AID
has become part of standard T1D care in many settings.? Published
guidance recommends AID for insulin delivery in paediatric and adult
populations with T1D,34421%8 particularly in people not achieving
individual treatment targets on intensified insulin therapy using CGM
or suffering from frequent or severe hypoglycaemia.>>*%? Notably, for
children and adolescents, a lower HbAlc target (<6.5%) is

recommended if AID is available, compared with <7.0% when
advanced diabetes technologies are unavailable.*?

Despite these recommendations and the wealth of evidence sup-
porting AID, the technology is currently used only by a minority of
people with T1D. In 2023, 1 million people globally were estimated to
be using AID, compared with an estimated 8.1 million people globally
with T1D (in 2023).11%'*1 Commonly cited barriers to the uptake of
AID are high costs and limited reimbursement, 191127114 \yhich dis-
proportionately affect people with T1D who are socially disadvan-
taged, as recently shown for the uptake of insulin pumps and CGM in
Canada.'*> Recent recommendations to remove access barriers there-
fore include offering an AID system to each person with T1D as soon
as possible after a diagnosis, with the specific device selected based
on individual needs, preferences, and circumstances.'*® An additional
barrier to uptake, noted by young people with T1D and their care-
givers, is device usability and technical problems.*'” While technical
problems may be partially addressed through ongoing technological

developments, for example, novel sensors,°71”

a learning curve for
device use exists for both users and, at least in the case of open-
source systems, for healthcare providers.2811? Acknowledging this
learning curve and increasing users' and healthcare professionals'
familiarity with AID systems would likely contribute to improving
access to and use of AID in T1D.}10:116:120.121

The present review is associated with both strengths and limita-
tions. Strengths included the fact that the review was limited to rela-
tively large-scale studies to maximize the robustness and
generalizability of the findings. Other strengths were the large number
of outcomes assessed, as well as extensive sensitivity and scenario
analyses. Limitations included a frequent lack of baseline data, which
precluded comprehensive assessments of the comparability of study
populations at baseline and of factors such as glycaemic control at the
initiation of AID system use (a key contributor to the glycaemic out-
comes achieved during treatment with AID), nor could the duration of
system use be adjusted for. The analysis adjusting for baseline TIR
was similarly limited by a relatively small number of studies providing
data for most outcomes, with most studies with large sample sizes,
based on multinational databases, removed from the analysis as they
provided no baseline TIR. As could be noted from scenario analyses
using relatively coarse age grouping, differences in user characteristics
likely accounted for a substantial share of between-study heterogene-
ity, so the inability to adjust for user characteristics plausibly left some
residual confounding unaddressed, although the robustness of results
across the feasible sensitivity and scenario analyses suggests that
comparative system performance might have been relatively unaf-
fected. Another limitation is that not all AID systems are compatible
with every CGM sensor. CGM sensors vary in their glucose sensing
designs, and regulatory documentation as well as scientific studies
have highlighted that different CGMs may exhibit varying biases
across different glucose ranges. Additionally, sensor accuracy was not
accounted for explicitly in the present analysis due to a lack of
reported data. It is known that glucose readings can vary considerably
within and across CGM systems and across glycaemic ranges, to the

extent that therapeutic decision-making may be affected in some
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cases.??27124 |t remains unclear if, or to what extent, these differences

impacted the results of the present analysis. Notably, future analyses
might benefit from more standardized CGM measurement and conse-
quently reduced intersystem differences in accuracy, with standard-
ized study procedures and comparator measurements advocated for
assessing CGM performance.*?® Further limitations included the avail-
ability of only a few head-to-head studies and the limited evidence
base for some AID systems, which, within the framework of a com-
plete case analysis, restricted some analyses to just a handful of avail-
able estimates, suggesting that several AID systems cannot currently
be judged meaningfully regarding their real-world performance for
important glycaemic metrics. The exclusive focus on RWE data may
be considered a further limitation, for example, combining AID sys-
tems users from different country and healthcare system settings,
which could potentially be considered to introduce some bias as AID
systems have differential availability across jurisdictions. Relative to
RCTs, which are considered the gold standard study design, RWE
studies tend to be less methodologically robust, more heterogeneous
in terms of reported outcomes and their definitions, and at a higher
RoB. These shortcomings are acknowledged, and findings from the
present review should therefore be treated with caution. However,
RWE complements RCT data by providing valuable insights into out-
comes that can be achieved within routine practice. Populations
within RWE studies are generally more heterogeneous compared with
RCTs'?® and may include people who are challenging to manage, for
example, those with multiple comorbidities, who may not be eligible
for RCTs. As a further limitation, the analysis was limited to commer-
cially available AID systems and did not capture data on “do-it-your-
self” systems. Data on discontinuation or switching between different
systems were also not included, which may have excluded difficult-
to-treat or underserved user groups; one recent study showed that
common reasons for switching include pregnancy, not achieving gly-

caemic targets, and technical issues.t?¢

5 | CONCLUSIONS

This systematic review and meta-analysis of large-scale RWE studies
demonstrated that commercially available AID systems are generally
associated with good glycaemic outcomes in routine clinical practice
for populations with T1D. Despite variable data availability and user
characteristics, findings were generally consistent with previous
results, highlighting differences in system performance and underscor-
ing the importance of individualized AID selection and optimal device

settings.
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