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Multicenter Trial of a Tubeless,
On-Body Automated Insulin
Delivery System With
Customizable Glycemic Targets
in Pediatric and Adult
Participants With Type 1
Diabetes

Diabetes Care 2021,44:1630-1640 | https://doi.org/10.2337/dc21-0172

OBJECTIVE

Advances in diabetes technology have transformed the treatment paradigm for
type 1 diabetes, yet the burden of disease is significant. We report on a pivotal
safety study of the first tubeless, on-body automated insulin delivery system with
customizable glycemic targets.

RESEARCH DESIGN AND METHODS

This single-arm, multicenter, prospective study enrolled 112 children (age 6-13.9
years) and 129 adults (age 14-70 years). A 2-week standard therapy phase (usual
insulin regimen) was followed by 3 months of automated insulin delivery. Prim-
ary safety outcomes were incidence of severe hypoglycemia and diabetic ketoaci-
dosis. Primary effectiveness outcomes were change in HbA;. and percent time in
sensor glucose range 70-180 mg/dL (“time in range”).

RESULTS

A total of 235 participants (98% of enrolled, including 111 children and 124
adults) completed the study. HbA; . was significantly reduced in children by 0.71%
(7.8 mmol/mol) (mean + SD: 7.67 + 0.95% to 6.99  0.63% [60 + 10.4 mmol/mol
to 53 £ 6.9 mmol/mol], P < 0.0001) and in adults by 0.38% (4.2 mmol/mol) (7.16
+ 0.86% to 6.78 + 0.68% [55 * 9.4 mmol/mol to 51 + 7.4 mmol/mol], P < 0.0001).
Time in range was improved from standard therapy by 15.6 + 11.5% or 3.7 h/day
in children and 9.3 + 11.8% or 2.2 h/day in adults (both P < 0.0001). This was ac-
complished with a reduction in time in hypoglycemia <70 mg/dL among adults
(median [interquartile range]: 2.00% [0.63, 4.06] to 1.09% [0.46, 1.75], P <
0.0001), while this parameter remained the same in children. There were three
severe hypoglycemia events not attributable to automated insulin delivery mal-
function and one diabetic ketoacidosis event from an infusion site failure.

CONCLUSIONS

This tubeless automated insulin delivery system was safe and allowed partici-
pants to significantly improve HbA, levels and time in target glucose range with
a very low occurrence of hypoglycemia.
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Diabetes care has been transformed by
rapid innovation in glucose sensor and
insulin pump technology; however, gly-
cemic outcomes continue to be subopti-
mal across all populations, and the
burden of disease for type 1 diabetes is
immense (1-5). Automated insulin de-
livery systems, which combine a subcu-
taneous insulin infusion pump, glucose
sensor, and automated dosing algo-
rithm, have improved glycemic control
while reducing hypoglycemia exposure
(6-8). Currently, four systems are com-
mercially available in the U.S. and Eu-
rope (6,9-12). Each system differs
through the combination of specific de-
vices, the system configuration and set-
tings, and the proprietary dosing
algorithm. The first automated insulin
delivery systems to become available
had limited options for customizing glu-
cose targets and interoperability of devi-
ces, and so, this has become an area of
focus for enhancing the capabilities of
more recent systems.

All systems available to date have uti-
lized tethered pumps, which deliver
insulin through a length of tubing
(46-110 cm) that connects the pump to
the infusion site cannula and, therefore,
the pump must be located somewhere
on the person to accommodate the tub-
ing (e.g., belt, pocket) (13). The algo-
rithm is hosted either on the pump
itself, in which case the tethered device
must be accessed frequently for user in-
teractions, or on a smartphone that
controls the pump, in which case the
smartphone must remain within com-
munication range of the pump. In either
case, the tubing typically needs to be
disconnected for certain activities, such
as swimming, exercise, and bathing,
during which time no insulin is delivered
(12).

The Omnipod 5 Automated Insulin
Delivery System (Insulet Corporation,
Acton, MA) is a new system that at the
time of writing is under review by the
U.S. Food and Drug Administration. In
addition to a novel algorithm with cus-
tomizable glucose targets, this system

has a unique configuration that utilizes
a tubeless insulin pump (Pod), which is
a small (3.9 x 5.2 x 1.45 cm) adhesive
patch pump worn on the body. The can-
nula is automatically deployed directly
under the Pod, creating an infusion site
without external tubing. The Pod is wa-
terproof (IP28) and worn continuously
for up to 72 h. All user interactions are
conducted wirelessly through a mobile
app on a smartphone. The algorithm it-
self is located on the Pod, and the glu-
cose sensor communicates directly with
the Pod through Bluetooth wireless
technology. Therefore, the system can
continuously provide automated insulin
delivery through the wearable on-body
components alone (Pod and sensor)
without the smartphone needing to be
nearby.

We present the results of the first
3-month outpatient pivotal trial of this
automated insulin delivery system that
uses a wearable tubeless insulin pump
with an embedded algorithm that re-
ceives communication directly from a
glucose sensor through Bluetooth
wireless technology (14). The system
has been designed to minimize hypo-
glycemia while maximizing time in gly-
cemic target range, ensuring safety
and effectiveness across a broad range
of people with diabetes from children
to seniors (15,16). Preliminary versions
of the algorithm were evaluated in
several clinical studies (15-18), and an
early trial of the commercial configu-
ration demonstrated positive results
(14).

RESEARCH DESIGN AND METHODS

Study Conduct and Oversight

A single-arm, multicenter, prospective
clinical study was conducted at 17 sites
in the U.S. The protocol was approved
by a central institutional review board
and relevant local review boards. In-
formed consent was obtained from
participants aged =18 years. For partici-
pants <18 years, assent and consent
were obtained from participants and
their parents or guardians, respectively,

Brown and Associates

according to state requirements. The
U.S. Food and Drug Administration ap-
proved an investigational device ex-
emption. An independent data and
safety monitoring board as well as
a medical monitor provided trial
oversight.

Study Design and Participants

Eligible participants were aged 6-70
years, diagnosed with type 1 diabetes
for at least 6 months, had a point-
of-care screening HbA;. <10.0% (86
mmol/mol), and did not have a history
of severe hypoglycemia or diabetic ke-
toacidosis in the past 6 months (com-
plete eligibility criteria are listed in
Supplementary Table 1). Participants
were enrolled into two cohorts: children
(age 6-13.9 vyears) and adolescents/
adults (age 14-70 years, subsequently
referred to as adults). Both cohorts fol-
lowed the same protocol and used an
identical automated insulin delivery
system.

After screening, participants complet-
ed a 2-week standard therapy phase to
collect glucose sensor data on their usu-
al diabetes care regimen to be used as
a comparator to automated insulin
delivery. Participants wore a glucose
sensor in blinded mode during the stan-
dard therapy phase if a glucose sensor
was not part of their usual regimen.
Participants were then trained on the
investigational system, which consisted
of a tubeless insulin pump (Pod) with
an embedded automated insulin deliv-
ery algorithm (Omnipod 5), an interop-
erable glucose sensor (Dexcom G6;
Dexcom, San Diego, CA), and a mobile
app (Omnipod 5 app) on a locked-down
Android phone.

Participants controlled the system
through the mobile app for daily inter-
actions, including delivering meal and
correction boluses and setting target
glucose profiles. The mobile app was
also used for initial setup and to start
automated mode. Both the Pod and the
continuous glucose monitor (CGM)
were worn on the body, and the CGM

Clinical trial reg. no. NCT04196140, clinicaltrials.
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communicated directly with the algo-
rithm on the Pod. Therefore, the smart-
phone containing the app did not need
to be present for automated insulin de-
livery to continue once initiated since
the algorithm was embedded directly
onto the on-body Pod.

During automated mode, each Pod
delivers insulin microboluses every 5
min on the basis of current and pro-
jected glycemic values to bring the glu-
cose level toward the selected target.
The main determinant of automated in-
sulin delivery is the user-selected glu-
cose target, which can range from 110
to 150 mg/dL in 10 mg/dL increments
and can be programmed to vary by
time of day. The insulin delivery is con-
tinuously adjusted to meet this target
and is based on an adaptive basal rate
determined from the total daily insulin
delivered, which is tracked and updated
with each subsequent Pod change. The
basal rates entered by the user at first-
time setup are only relevant for the first
Pod use in automated mode or when
the system is in manual insulin delivery
mode.

Study participants were educated on
additional system options, such as the
HypoProtect feature that could be used
to temporarily set a higher glucose tar-
get of 150 mg/dL with additional
restrictions on insulin delivery if antici-
pating lower insulin needs, such as
during exercise. Participants were en-
couraged to use the bolus calculator
within the mobile app to deliver meal
and correction boluses through the Pod.
These boluses were calculated on the
basis of user-defined insulin-to-carbohy-
drate ratios, correction factors, and
glucose targets. The bolus calculator ad-
justed the suggested insulin bolus on
the basis of insulin on board as well as
the CGM trend arrow in both automat-
ed and manual mode. Further details
on system function have been previous-
ly published (14).

The system was used for 3 months,
with nine follow-up study visits oc-
curring in person or by phone
(Supplementary Table 2). During
each visit, participants were asked
about adverse events, medication
use, and device issues, and the study
team reviewed the system data his-
tory and recommended changes to
pump settings as needed. Although
study teams had access to real-time

monitoring of system data, they were
not instructed to conduct surveil-
lance outside of study visits, and
there were no automated alerts to
investigators related to glycemia. Re-
portable adverse events included ad-
verse device events, adverse events
associated with study procedures or
hyperglycemia associated with keto-
sis (>1 mmol/L), or serious adverse
events such as severe hypoglycemia,
defined as requiring assistance be-
cause of altered consciousness, and
diabetic ketoacidosis (19).

HbA;. was measured at baseline and
the final study visit using laboratory
measures, which could differ from
point-of-care measures used for eligibili-
ty screening. Additional optional meas-
urements were added at the start and
end of the study pause (discussed
below). HbA;. (Tosoh Bioscience) was
measured by a central laboratory (Uni-
versity of Minnesota Advanced Re-
search and Diagnostic Laboratory).

Use of automated insulin delivery
was paused study-wide from 28 Feb-
ruary 2020 to 4 June 2020 because of
a software anomaly with the potential
to impact insulin delivery as a result of
erroneous system inputs in certain un-
common circumstances. The study was
paused as a precaution, and there were
no adverse events associated with the
anomaly. The median (interquartile
range) number of days completed be-
fore and after the pause were 46 (36,
56) and 49 (38, 59) for children and 43
(30, 52) and 49 (41, 63) for adults, re-
spectively. During the study pause, par-
ticipants could continue study system
use without activation of automated in-
sulin delivery features where the device
functioned as a stand-alone insulin
pump (77% of participants), or they
could use another insulin regimen
(23%). Once the software update was
implemented, participants resumed au-
tomated delivery, which occurred re-
motely for most participants because of
the COVID-19 pandemic.

Outcomes

The primary safety outcomes were inci-
dence rates of severe hypoglycemia
and diabetic ketoacidosis. The primary
effectiveness outcomes were change in
HbA,. and percentage of time in glu-
cose target range 70-180 mg/dL (“time
in range”) measured by the glucose

Diabetes Care Volume 44, July 2021

sensor during the 3-month automated
insulin delivery phase compared with
the 2-week standard therapy phase.
Secondary outcomes included percent
time <70 mg/dL and >180 mg/dL, per-
cent time in additional glycemic ranges
(<54 mg/dL, =250 mg/dL, =300 mg/
dL), additional glycemic measures
(mean, SD, and coefficient of variation
of sensor glucose), and additional clini-
cal measures (total daily dose of insulin,
total daily basal or bolus insulin deliv-
ery, BMI). Measures related to system
use were also assessed (percentage of
study time spent in automated mode,
number and type of device deficiencies
observed).

Statistical Methods

This study was designed to provide
90% power and a one-sided signifi-
cance level of 2.5% or 1.25% for the
two primary effectiveness outcomes.
The sample size estimation assumed a
mean difference and SD of the differ-
ence in HbA;. of 0.5% (5.5 mmol/mol)
and 0.8% (8.7 mmol/mol) and time in
range of 10% and 15%. Although 35
and 31 participants were required for
the two effectiveness outcomes, re-
spectively, enrollment of up to 240
participants was planned for a robust
safety evaluation.

Analyses were performed on a modi-
fied intention-to-treat data set of partic-
ipants who entered the automated
insulin delivery phase. Any sensor or in-
sulin delivery data collected during the
study pause were not included in the
analyses of outcomes, and any adverse
events or device deficiencies during the
pause were listed separately. Sensor
data were primarily obtained from the
investigational app through cloud-based
transmission, with data from Dexcom
Clarity as a secondary source. No impu-
tations for missing data were planned
or performed.

Analyses were conducted separately
for children and adults. Results are pre-
sented as means with SDs or medians
with interquartile ranges as appropriate.
The primary safety outcome was consid-
ered a success if the incidence rates of
severe hypoglycemia and diabetic ke-
toacidosis were considered acceptable
compared with published rates (3,4). Ef-
fectiveness outcomes were evaluated
using paired t tests, or using Wilcoxon
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Table 1—Characteristics at baseline of the study participants in the modified intention-to-treat data set

Characteristic

Children (age 6-13.9 years)

Adults (age 14-70 years)

n
Age (years)
Duration of diabetes (years)
BMI (kg/m?)
Female sex, n (%)
Race/ethnicity, n (%)%
White
Hispanic or Latino
Not Hispanic or Latino
Black or African American, White
Black or African American
Hispanic or Latino
Not Hispanic or Latino
Asian
Asian, White

Asian, Native Hawaiian or Pacific Islander, White

American Indian or Alaska Native, White
American Indian or Alaska Native
Hispanic or Latino
Not Hispanic or Latino
HbA1. (%)§
HbA,. (mmol/mol)§
Daily insulin dose (units/kg)||
PreviousY or current CGM use, n (%)
PreviousY or current pump use, n (%)

Use of multiple daily injections as standard
therapy method, n (%)

112
10.3 + 2.2 (6.0, 14.0#)
47 + 2.6 (0.6, 11.6)
18.6 + 3.2 (13.7, 32.4)
60 (53.6)

104 (92.9)
8 (7.1)
96 (85.7)
3(2.7)
2 (1.8)

2 (1.8)

2 (1.8)
1(0.9)

7.67 + 0.95 (5.80, 10.30)
60 + 10.4 (40, 89)
0.85 + 0.24 (0.25, 1.47)
108 (96.4)

100 (89.3)

13 (11.6)

128
36.9 + 13.9 (14.5, 69.8)
17.9 + 11.6 (1.0, 51.0)
26.6 + 4.7 (18.9, 41.4)
78 (60.9)

117 (91.4)
6 (4.7)
111 (86.7)
5 (3.9)
1(0.8)
4 (3.1)
2 (1.6)
1(0.8)
3 (2.3)
3(2.3)
0 (0.0)

7.16 + 0.86 (5.20, 9.80)
55 + 9.4 (33, 84)
0.61 + 0.22 (0.16, 1.31)
126 (98.4)

115 (89.8)

20 (15.6)

Data are mean * SD (minimum, maximum) unless otherwise indicated. #Age was determined at the date of informed consent. The birth date
of one participant fell immediately after the informed consent date, resulting in inclusion in the children cohort despite the age being 14.0
years after rounding. ¥Race and ethnicity were reported by the participants and are displayed exactly as reported. As shown, several partici-
pants chose more than one racial category. Ethnicity delineation is shown for racial categories where at least one person identified as Hispan-
ic or Latino. §Participant eligibility for the study was determined using a point-of-care HbA;. measurement performed at screening, which in
some cases differed from the laboratory assessment displayed here and used for analysis. ||Baseline total daily insulin dose was determined
from data collected during the standard therapy phase. 1Previous use is defined as having used the device for any duration in the past.

signed rank tests if there were <10 par-
ticipants in a group or if Shapiro-Wilk
tests of normality were significant (P <
0.05). All P values were considered sig-
nificant at a two-sided level of 0.05.
Analysis was performed using SAS 9.4
statistical software.

RESULTS

Participant Characteristics

Between 19 December 2019 and 28
February 2020, 241 participants were
enrolled, and 240 entered the auto-
mated insulin delivery phase and
were included in the modified inten-
tion-to-treat data set. Baseline charac-
teristics are included in Table 1. Ninety-
eight percent of enrolled participants
completed the main study (Supplementary
Fig. 1). Of these, 224 (95%) elected to

participate in an ongoing extension
phase.

Effectiveness Outcomes

HbA;. was reduced in children by 0.71%
(7.8 mmol/mol) (7.67 + 0.95% to 6.99 +
0.63% [60 + 10.4 to 53 + 6.9 mmol/
mol], P < 0.0001) and in adults by
0.38% (4.2 mmol/mol) (7.16 + 0.86% to
6.78 + 0.68% [55 + 9.4 to 51 + 7.4
mmol/mol], P < 0.0001) (Table 2). Im-
provement was seen in both age-groups
regardless of their baseline glycemic
control (20) (Fig. 1).

Time in range increased by 15.6% in
children (52.5 + 15.6% to 68.0 + 8.1%,
P < 0.0001) and 9.3% in adults (64.7
16.6% to 73.9 + 11.0%, P < 0.0001)
(Table 2 and Supplementary Table 3).
Sensor glucose profile by time of day
is presented in Fig. 2. Improvement in

time in range was achieved rapidly,
with adults achieving 73.5% over days
1-3 after system initiation and chil-
dren achieving 62.6% in days 1-3 and
68.0% in days 4-6. Time in range re-
mained stable thereafter. The number
of participants who met the estab-
lished clinical targets (1,2) for glycemic
measures is included in Supplementary
Table 4.

Secondary outcomes demonstrated
a reduction in hypoglycemia for
adults and a reduction in hyperglyce-
mia in both age-groups. Time <70
mg/dL for adults declined by a medi-
an of 0.89% (interquartile range
2.00%, 1.09%; P < 0.0001). Adults
also had a median reduction of 0.08%
in time spent <54 mg/dL (P < 0.0001).
Time <54 mg/dL and <70 mg/dL re-
mained unchanged for children. Time

1633
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>180 mg/dL declined by a mean of
15.1% (from 453% to 30.2%, P <
0.0001) for children and by 7.7% (from
32.4% to 24.7%, P < 0.0001) for adults.
Mean sensor glucose was also reduced
in both groups (Table 2). Subgroup anal-
ysis by baseline demographic characteris-
tics, including device-naive participants,
demonstrated glycemic improvement
similar to the overall study cohort
(Supplementary Table 5).

Most participants selected the glu-
cose target of 110 mg/dL for automat-
ed insulin delivery (61% of cumulative
person-days for children and 80% for
adults). Patterns in glycemic outcomes
at the 110 mg/dL target for both
groups were similar to those overall
(Supplementary Table 6). With the 110
mg/dL target, time in range was 68.4
+ 9.1% for children and 75.6 + 9.9%
for adults. Glycemic outcomes when
using the other targets are listed in
Supplementary Tables 8 and 9.

BMI increased slightly in children
(18.6 + 3.2 t0 19.2 + 3.6 kg/m?, P <
0.0001 by paired t test), although the
BMI z-score was the same at baseline
and follow-up (0.4 % 0.8), indicating
that the increase in BMI was related
to normal growth. There was no
change in BMI in adults. Total daily
insulin requirements increased in
children (0.85 + 0.24 to 0.92 + 0.25
units/kg, P < 0.0001) and decreased
slightly in adults (0.61 + 0.22 to 0.59 +
0.21 units/kg, P = 0.02) (Supplementary
Table 10).

Safety Outcomes

The observed incidence rates of severe
hypoglycemia and diabetic ketoacidosis
during the automated insulin delivery
phase were 4.8 and 1.2 events per 100
person-years, respectively (Supplementary
Table 11). These are lower than the re-
spective rates of 25.2 severe hypoglyce-
mia events and 10.8 diabetic ketoacidosis
events per 100 person-years reported in
the U.S. T1D Exchange Registry (3,4). There
were three severe hypoglycemia events:
two in adults following user-initiated bolus-
es, with appropriate insulin suspension by
the system, and one in a child following
delayed eating after a preprandial bolus.
There was one case of diabetic ketoacido-
sis in a child because of a suspected infu-
sion site failure. Additional details on all
adverse events recorded during the

automated insulin delivery phase in each
age-group and overall are available in
Supplementary Table 11.

System Use

Children spent median 96.4% (inter-
quartile range: 93.8 to 97.9%) and
adults spent median 96.7% (interquar-
tile range: 93.4 to 98.0%) of total study
time in automated mode (meaniSD:
95.2 £ 4.0% and 94.8 + 6.0% of time in
children and adults, respectively). There
was approximately 1 device deficiency
per person-month of system use: 608
related to the Pod, 83 to the app/hand-
held device, 20 to the glucose sensor,
and 1 each to the glucose and ketone
meters.

CONCLUSIONS

This multicenter trial of adults and chil-
dren with type 1 diabetes using a tube-
less automated insulin delivery system
for 3 months demonstrated the safety
of the system in this population. We
also observed significant and clinically
important improvements in glycemic
outcomes with system use compared
with participants’ standard therapy.
Adults and children achieved a mean
HbA;. of 6.78% (51 mmol/mol) and
6.99% (53 mmol/mol), respectively.
Adults attained a time in range of
73.9% (an improvement of 2.2 h/day
from standard therapy) or 75.6% when
using the 110 mg/dL target, with a re-
duction in hypoglycemia (<70 mg/dL)
exposure by 13 min/day. Children at-
tained a time in range of 68.0%, which
increased their time in range by 3.7 h/
day from standard therapy without an
increase in hypoglycemia. In both age-
groups, the glycemic improvements
were particularly prominent overnight
and were driven by a clinically meaning-
ful reduction in hyperglycemia. While
using the system, 82% of children and
69% of adults met established clinical
targets for time in range (children
>60%, adults >70%) (2), and 53% of
children and 66% of adults had an
HbA;. <7% (<53 mmol/mol) (1). Impor-
tantly, gains in glycemic control were
not associated with a concomitant rise
in hypoglycemia. Median percent time
<70 mg/dL was 1.48% and 1.09% for
children and adults, respectively, which
is well below the recommendation of
<4% (2). In fact, 93% of children and

Diabetes Care Volume 44, July 2021

95% of adults achieved this target. The
safety outcomes of severe hypoglycemia
and diabetic ketoacidosis incidence
were below observed rates in type 1
diabetes (3-5) and were not attribut-
able to automated insulin delivery
malfunction.

These results are consistent with pub-
lished findings of similar systems. The
pivotal trials for two systems commer-
cially available in the U.S. reported im-
proved HbA;. and time in range in both
adults and children after 3-6 months of
use (6,7,10,21). One system resulted in
an HbA,;. of 6.9% (change from baseline
of —0.5%) in adults and 7.5% (—0.4%)
in children after 3 months, with im-
proved time in range, achieving 72.2%
(+5.5%) and 65% (+8.8%) for adults
and children, respectively (10,21). An-
other system resulted in an HbA;. of
7.06% (—0.34%) in adults and 7.0%
(—0.6%) in children after 6 and 4
months, respectively, and an improved
time in range, achieving 71% (+10%)
and 67% (+14%) (6,7). The results of the
current study show notably low rates of
hypoglycemia, with the majority of par-
ticipants reaching glycemic targets for
their age. While differences in study
design limit direct outcome comparisons,
the results presented here indicate that
the present system compares favorably
with current commercially available
devices.

An unexpected challenge to this
study was the 3-month pause that was
initiated once a software anomaly was
detected. System use evaluation time
was no longer continuous and thus, pre-
sented a complication for the planned
analysis. For some participants, the final
HbA,. was preceded by as few as 28
days of continuous system use, while
HbA,. is known to reflect glycemic
changes over longer periods of time
(22); thus, our results may provide an
underestimation of effectiveness. Nev-
ertheless, a stable time in range was
achieved quickly after system initiation,
and outcomes that were based on sen-
sor data are not expected to have been
affected by the pause.

During this first outpatient evaluation
of the system, there was about one de-
vice deficiency recorded per person-
month of use, with the majority of
these relating to the Pod. Pod deficien-
cies were generally related to hazard
alarms occurring before the end of the
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Figure 1—Changes in HbA.. Individual participant HbA;. results are shown before (baseline) and after (follow-up) the 3-month automated insulin
delivery phase for all participants with measurements available at both time points. HbA;. at follow-up plotted vs. HbA;. at baseline for children
age 6-13.9 years (n = 108) (A) and adults age 14—70 years (n = 124) (B), with each circle representing a single participant. Mean HbA,. (%) values
at baseline and follow-up when stratified into two groups by baseline HbA,. <8% (blue circle) and =8% (red square) for children (n = 108) (C) and
adults (n = 124) (D), with the distribution of individual participant results at each time point shown as gray circles. Mean HbA;. (mmol/mol) values
for children (C) with baseline HbA;. <64 mmol/mol (blue circle) and =64 mmol/mol (red square) are 55 and 72 mmol/mol at baseline and 50 and
59 mmol/mol at follow-up (change —4.9 and —12.9 mmol/mol), respectively. HbA;. values for adults (D) with baseline HbA;. <64 mmol/mol (blue
circle) and =64 mmol/mol (red square) are 51 and 70 mmol/mol at baseline and 49 and 60 mmol/mol at follow-up (change —3.0 and —9.9 mmol/
mol), respectively. In the analysis of change in HbA4 stratified by baseline HbA,., the change was significant for each combination of age-group
and baseline HbA;. category (all P < 0.0001 by paired t test). The cutoff of HbA;. <8.0% (<64 mmol/mol) was selected as a measure of adequate
HbA; . control set by the Comprehensive Diabetes Care Healthcare Effectiveness Data and Information Set (20).

expected 72-h duration of use. These
alarms indicate to the user that the Pod
must be replaced. Many of these alerts
are standard for insulin pump systems
and arise from fault detection, such as
detection of an occlusion, low battery

voltage, or interference in electrical cir-
cuit integrity. Pod change is routine, and
the rate of Pod device deficiencies equat-
ed to approximately an additional 2.5
Pod changes throughout the duration of
the study. This would have a negligible

effect on the study results. Information
from the device deficiencies observed in
this study was used to make improve-
ments to the system. Thus, there is ex-
pected to be a much lower rate of error
occurrences in future uses of the system.
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Figure 2—Sensor glucose measurements. Median sensor glucose measurements are shown for children (age 6-13.9 years, n = 112) (A) and adults
(age 14-70 years, n = 128) (B) during the automated insulin delivery phase (blue dashed line) and the standard therapy phase (red line), with blue
and red shaded areas indicating the interquartile range for each phase. The target range (70-180 mg/dL) is indicated by black dashed lines. Meas-
urements represent a 24-h period from midnight to midnight.
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Strengths of this study include the
wide range of participant ages (6-70
years) and Dbaseline HbA;. levels
(5.2-10.3% [33-89 mmol/mol]). In

addition, the trial enrolled both pump
and multiple daily injection users with
no requirement for prestudy sensor
use, with successful implementation

across diverse pediatric and adult
centers. Participant engagement and
endorsement of the system was evi-
dent, with 95% choosing to enroll in
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the extension phase of the trial. Con-
nectivity of the on-body devices was
excellent, allowing use of automated
insulin delivery for median 96.4% and
96.7% of the possible time for chil-
dren and adults, respectively. Fur-
thermore, the study used a remote
data monitoring system that allowed
for cloud-based transmission of data,
obviating the need for manual up-
loads initiated by the user. This criti-
cal component of care to allow for
seamless data review may help to al-
leviate the burden sometimes gener-
ated by diabetes technologies. While
in this study a mobile app on a pro-
vided locked-down Android phone
was used to interact with the system,
it is planned for this app to be avail-
able for download and use on com-
patible personal smartphones when
the system becomes commercially
available.

Limitations of this study include the
single-arm design without a control
group that did not account for effects
related to participation in a study.
This important design limitation could
result in overestimation of effectiveness
outcomes because it does not account
for potential improvements through
study-related interactions alone. The
standard therapy comparator phase
was also of shorter duration than the
treatment phase. This limitation is miti-
gated in part by using glycemic meas-
ures that have been validated to
reflect underlying glycemia across
shorter durations (10-14 days of sen-
sor use) (2,23). Participants had rela-
tively well-controlled baseline glycemic
metrics, with many already using insu-
lin pumps and glucose sensors, which
may limit generalizability. However, the
fact that there were improvements in
this generally well-controlled group is
encouraging.

In conclusion, this tubeless, on-body
automated insulin delivery system
with customizable targets was safe,
achieving significant improvements in
HbA,. and glycemic measures with a
low rate of hypoglycemia in a hetero-
geneous participant group with varied
age, baseline glycemia, and prior de-
vice use. This system allowed the ma-
jority of participants to achieve
current glycemic targets set by the
American Diabetes Association and

international consensus guidelines
(1,2).
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