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ARTICLE HIGHLIGHTS

� Why did we undertake this study?
The tubeless Omnipod 5 automated insulin delivery (AID) system was shown to be safe and effective in several single-arm clinical trials, but a
randomized study in adults with type 1 diabetes not achieving glycemic targets was needed.

� What is the specific question we wanted to answer?
How does the efficacy and safety of tubeless AID compare with pump therapy with continuous glucose monitoring during a randomized study?

� What did we find?
Use of the tubeless AID system resulted in a greater percentage of time in range (70–180 mg/dL) compared with pump therapy with continuous
glucose monitoring.

� What are the implications of our findings?
These findings highlight the clinical benefit of AID and support the adoption of AID systems as the preferred therapy for people with type 1
diabetes.
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OBJECTIVE

To examine the efficacy and safety of the tubeless Omnipod 5 automated insulin de-
livery (AID) system compared with pump therapy with a continuous glucose monitor
(CGM) in adults with type 1 diabetes with suboptimal glycemic outcomes.

RESEARCH DESIGN AND METHODS

In this 13-week multicenter, parallel-group, randomized controlled trial performed
in the U.S. and France, adults aged 18–70 years with type 1 diabetes and HbA1c

7–11% (53–97 mmol/mol) were randomly assigned (2:1) to intervention (tubeless
AID) or control (pump therapy with CGM) following a 2-week standard therapy pe-
riod. The primary outcome was a treatment group comparison of time in range
(TIR) (70–180 mg/dL) during the trial period.

RESULTS

A total of 194 participants were randomized, with 132 assigned to the intervention and 62
to the control. TIR during the trial was 4.2h/day higher in the intervention compared with
the control group (mean difference 17.5% [95% CI 14.0%, 21.1%]; P < 0.0001). The inter-
vention group had a greater reduction in HbA1c from baseline compared with the control
group (mean ± SD 21.24 ± 0.75% [213.6 ± 8.2 mmol/mol] vs. 20.68 ± 0.93% [27.4 ±
10.2 mmol/mol], respectively; P < 0.0001), accompanied by a significantly lower time
<70 mg/dL (1.18 ± 0.86% vs. 1.75 ± 1.68%; P = 0.005) and >180 mg/dL (37.6 ± 11.4% vs.
54.5 ± 15.4%; P< 0.0001). All primary and secondary outcomesweremet. No instances of
diabetes-related ketoacidosis or severe hypoglycemia occurred in the intervention group.

CONCLUSIONS

Use of the tubeless AID system led to improved glycemic outcomes compared with
pump therapy with CGM among adults with type 1 diabetes, underscoring the clinical
benefit of AID and bolstering recommendations to establish AID systems as preferred
therapy for this population.

Despite advances in diabetes technology, people with type 1 diabetes often struggle to
maintain optimal glycemic outcomes, with observational studies reporting that most
are not meeting the recommended clinical target of HbA1c <7% (53 mmol/mol) (1).
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Consequently, individuals with type 1 dia-
betes are at increased risk for long-term
complications, a reduced quality of life, fi-
nancial burden, and a decreased life span
(2). With its prevalence increasing globally
(3), there is an urgent need to develop
and implement in clinical practice innova-
tive insulin delivery modalities that can im-
prove glycemic outcomes and ultimately
reduce the complications associated with
type 1 diabetes.
Automated insulin delivery (AID) sys-

tems represent the latest advancement in
technology to optimize glucose manage-
ment in people with type 1 diabetes (4). By
combining insulin delivery pumps, continu-
ous glucose monitoring (CGM), and closed-
loop control algorithms, AID systems aim
to more closely emulate the physiological
functions of a healthy pancreas by automat-
ically adjusting insulin delivery to minimize
time spent in hypoglycemia and hyperglyce-
mia (4). AID systems have demonstrated ef-
ficacy in improving glycemic outcomes for
people with type 1 diabetes across a range
of ages and demographic populations, while
reducing the burden of decision-making and
enhancing quality of life (5).
With such promising results across sys-

tems (5), consensus guidelines are being
updated to proactively offer AID systems
for people with type 1 diabetes, with an
emphasis on providing access to these
devices early in the disease (4). However,
the uptake of this technology has been
limited by a myriad of factors (health care
professional, patient, cost, payer, and health
care system–related and device-specific fac-
tors, including tubing, ease of use, discreet-
ness, etc.), hindering the full potential of
AID systems to improve health outcomes
(6). Broad uptake requires that these sys-
tems be simple, minimally invasive, and
easy to use and wear for people with
type 1 diabetes.
The Omnipod 5 AID system (Insulet

Corporation, Acton, MA) is a tubeless,
wearable device cleared by the U.S. Food
and Drug Administration and Conformit�e
Europ�eenne and marked for use in peo-
ple with type 1 diabetes aged $2 years,
and it has been recently cleared by the
U.S. Food and Drug Administration for
use in people with type 2 diabetes aged
$18 years. The safety and effectiveness
of the system has been demonstrated in
people with type 1 diabetes in two single-
arm pivotal and extension trials (7–10).
However, it has yet to be demonstrated
whether similar benefits would be

present in a randomized controlled trial
(RCT) of individuals not meeting glycemic
targets. The current study supports ongoing
efforts to demonstrate the superiority
of AID by examining the efficacy and
safety of the tubeless AID system com-
pared with pump therapy with CGM in
an RCTof adults with type 1 diabetes not
meeting the recommended glycemic tar-
gets in the U.S. and France.

RESEARCH DESIGN AND METHODS

Trial Conduct and Oversight
This parallel-group RCT was conducted at
10 sites in the U.S. and 4 sites in France.
Central and local institutional review boards
and ethics committees approved the proto-
col.Written informed consent was obtained
from all participants. A medical monitor
provided trial oversight. The trial was regis-
tered at ClinicalTrials.gov (NCT05409131).

Trial Design and Participants
Eligible participants were aged 18–70 years
and had type 1 diabetes for $1 year with
HbA1c 7.0–11.0% (53–97 mmol/mol). The
study included a requirement for at least
80% of participants to have a screening
HbA1c $8.0% (64 mmol/mol). Participants
were recruited only if they were on pump
therapy for at least 3 months, with a re-
quirement that at least 50% were using an
Omnipod pump (Omnipod or Omnipod
DASH Insulin Management System) at the
time of enrollment (complete eligibility cri-
teria provided in Supplementary Table 1).
Participants using AID devices, including
predictive low-glucose suspend, in the
3 months prior to screening were ex-
cluded. There were no inclusion or exclu-
sion criteria based on CGM use.

After screening, participants were pro-
vided an unmasked study CGM (Dexcom
G6; Dexcom Inc., San Diego, CA) to use
with their current baseline pump ther-
apy for 2 weeks to collect glucose sensor
data on their usual regimen (standard
therapy phase). Standard therapy data
could be retrospectively collected for
U.S. participants who used a Dexcom G6
CGM as part of their usual therapy and
had sufficient data available (i.e., >80%
CGM use during any consecutive 14 days
in the past 30 days, with $2,016 CGM
readings during the 14 days).

Following the standard therapy phase,
participants were randomly assigned 2:1
to the intervention group or control group
for 13 weeks. In the intervention group,

participants were trained on and used the

Omnipod 5 AID System. The system com-

prises an insulin-filled tubeless on-body

pump (Pod) with an embedded AID algo-

rithm and the Omnipod 5 application,

which controls the Pod via Bluetooth wire-

less technology, on a provided locked-

down Android phone (Controller), used by

participants in this study, or a compatible

personal smartphone. An interoperable

CGM is required to use AID: the Dexcom

G6 CGM was used in this study (11). Par-

ticipants in the intervention group used

the system in Automated Mode, in which

insulin delivery is modulated every 5 min

based on CGM glucose values to bring glu-

cose toward the selected target, which is

customizable from 110 to 150 mg/dL in

increments of 10 mg/dL. There were

no prespecified recommendations for

target selection, with the initial glucose

target left to the discretion of the in-

vestigator. In Manual Mode, the system

functions as a traditional insulin pump

(11). Additional details on the system have

been previously published (11). In the con-

trol group, each participant continued us-

ing their usual insulin pumpwith a Dexcom

G6 CGMprovided by the trial investigators.
During the 13-week trial (trial period),

there were six follow-up visits either in

person or by telephone (Supplementary

Table 2). At each visit, participants were

asked about medications, adverse events,

and device issues; vital signs were as-

sessed; and the study team reviewed sys-

tem data history and adjusted system

settings as needed. HbA1c was assessed by

a central laboratory (LabCorp) at screening

and at the end of the study or upon early

withdrawal. Questionnaires on quality of

life and treatment satisfaction were con-

ducted at baseline and at the end of the

study or upon early withdrawal, including

the Type 1 Diabetes Distress Scale (T1-DDS)

(12), Hypoglycemia Confidence Scale (HCS)

(13), and Diabetes Quality of Life-Brief

(DQOL-Brief) (14). Reportable adverse

events included severe hypoglycemia,

diabetes-related ketoacidosis (DKA), hy-

perglycemia involving ketosis, adverse

device events, any severe adverse events,

and any adverse events that affected the

participant’s ability to adhere to study pro-

cedures or for which a visit to the hospital

emergency department wasmade.
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Outcomes
The primary outcome was the percent-
age of time in the glucose target range
(time in range [TIR]) (70–180 mg/dL)
during the 13-week trial period as mea-
sured with the study CGM.The secondary
glycemic outcomes, which were tested in a
hierarchical order to maintain the type I er-
ror rate at 5.0%, were percentage of time
<54 mg/dL (noninferiority with a 1.0%
margin), percentage of time >180 mg/dL,
mean glucose, change from baseline in
HbA1c, and percentage of time<70 mg/dL
during the 13-week trial period (Supple-
mentary Table 3).

Other secondary outcomes also included
in the hierarchy were person-reported
outcomemeasures, including change from
baseline in the T1-DDS, HCS, and DQOL-
Brief total scores, as well as the proportion
of participants who experienced a clinically
meaningful change for each measure (i.e.,
responders) at the end of the study. The
prespecified minimum clinically important
difference for the T1-DDS was an improve-
ment in total score $0.19 as defined in
the literature (15). For the DQOL-Brief, as
no minimum clinically important differ-
ence was available in the literature, a dis-
tribution-based method was selected to
prespecify the clinically meaningful differ-
ence as $0.5 × SD of change from base-
line in the total score as observed in the
study. For the HCS, the prespecified clini-
cally meaningful result was to have a total
score $3 at the end of the study, indicat-
ing relatively high confidence in managing
hypoglycemia as reported in the literature
(13).

Exploratory outcomes included the
proportion of participants with HbA1c
<7.0% (53 mmol/mol) and <8.0%
(64 mmol/mol) at the end of the study, the
proportion with $1% (10.9 mmol/mol)
improvement or $10% relative improve-
ment in HbA1c from baseline, and the
change in BMI and total daily insulin use
from baseline. Additional exploratory out-
comes included the percentage of time
>250 mg/dL, percentage of time in tight
range (70–140 mg/dL), glycemia risk in-
dex (16), coefficient of variation, and the
percentage of TIR, time <54 mg/dL, and
time<70 mg/dL during the day and night
during the 13-week trial period.

Statistical Analysis
A sample of 131 participants (87 inter-
vention, 44 control) was required to pro-
vide 90% power to detect a difference of

10% in TIR, assuming an SD of 16.5% in
each group with a 2:1 intervention:con-
trol randomization (7). Up to 200 partici-
pants were recruited to allow for pre- and
postrandomization attrition (assumed to
be 15% and 22.9%, respectively).

A modified intention-to-treat analysis
was conducted that included all partici-
pants randomized, unless otherwise noted.
Strict control of type I error wasmaintained
at a 5.0% level with a hierarchical testing
procedure. For exploratory outcomes, there
was no formal hypothesis testing, with no
adjustments for multiplicity.

The continuous outcomes were analyzed
using repeated-measures linear mixed-
effects models, unless otherwise noted. Re-
sidual values were examined to confirm an
approximate normal distribution. If values
were highly skewed, then robust regression
usingM-estimationwas used instead. Logis-
tic mixed-effects models were used to ex-
amine proportion-based outcomes. Two-
sided Fisher’s exact test was used to exam-
ine the percentage of participants meet-
ing CGM-based clinical targets (17). All
models and reported treatment group dif-
ferences included adjustment for the base-
line level of the dependent variable, age,
sex, and duration of diagnosis as fixed ef-
fects, with country and site as random ef-
fects. Sensitivity analyses were conducted
based on various subsets (per protocol,
complete case) or using imputation techni-
ques (multiple imputation, worst case).
Subgroup analyses by country, sex, race
and ethnicity, age, BMI, baseline glycemic
measures, and prior CGM use were con-
ducted. Analyses were performed using
SAS 9.4 statistical software.

RESULTS

Participants and Follow-up
A total of 234 individuals consented to par-
ticipate: 196 were enrolled, 194 were ran-
domized, and 192 completed the study
(Supplementary Fig. 1).The 194 participants
(60% female, mean ± SD age 36 ± 14 years)
were randomly assigned to either the inter-
vention group (n = 132) or the control
group (n = 62) (Table 1). U.S. participants
accounted for 61% of those randomized.
Of the 194 participants randomized, 87%
were Omnipod pump users, and 94% had
previous or current CGM use. Baseline
point-of-care HbA1c was mean ± SD (range)
8.5 ± 0.8% (7.0–10.5%) [69 ± 8.7 (53–91)
mmol/mol] in the intervention group and
8.6 ± 0.9% (7.0–10.9%) [70 ± 9.8 (53–96)

mmol/mol] in the control group. At
screening, the point-of-care HbA1c mea-
surement was $8.0% (64 mmol/mol) for
80% and 82% of participants in the inter-
vention and control groups, respectively.
Additional baseline characteristics of par-
ticipants are presented in Table 1.

Efficacy Outcomes
The primary outcome of percentage of
TIR increased from 43.9 ± 14.0% with
standard therapy to 61.2 ± 11.2% during
the 13-week trial period in the interven-
tion group and from 41.3 ± 14.6% to
43.8 ± 14.5% in the control group, with
an adjusted mean difference (interven-
tion – control) of 17.5% (95% CI 14.0%,
21.1%; P < 0.0001), corresponding to an
additional 4.2 h/day (Table 2 and Fig. 1A
and B). The difference remained significant
in sensitivity analyses (per protocol, com-
plete case, multiple imputation, and worst
case; all P < 0.0001) (Supplementary
Table 4). For the primary outcome of TIR,
interactions by country, sex, race and eth-
nicity, age, BMI, and baseline TIR were all
nonsignificant (P > 0.05) (Supplementary
Table 5). Supplementary Table 6 presents
the change in TIR stratified by subgroup.

All secondary outcomes evaluated in the
hierarchical testing procedure revealed sta-
tistically significant between-group differ-
ences (or noninferiority) according to the
analysis plan, favoring the intervention
(Table 2). The mean difference between
treatment groups during the 13-week trial
period in percentage of time <54 mg/dL
was �0.05% (95% CI �0.11%, 0.00%;
P > 0.05). Although there was no signifi-
cant difference between the two groups,
the noninferiority limit of 1.0% was met,
as the upper limit of the 95% CI of the ad-
justed difference was <1.0%. The mean
difference between treatment groups in
the percentage of time >180 mg/dL was
�16.8% (95% CI �20.8%, �12.8%; P <

0.0001), corresponding to 4.0 fewer
hours per day. The mean difference be-
tween treatment groups in mean glucose
was �26 mg/dL (95% CI �34, �
18 mg/dL; P < 0.0001) (Fig. 1C). At the
end of the study, HbA1c was 7.25 ±
0.76% (56 ± 8.3 mmol/mol) in the inter-
vention group and 7.84 ± 0.83% (62 ±
9.1 mmol/mol) in the control group. The
mean difference between treatment
groups in change in HbA1c at 13 weeks
was �0.58% (6.3 mmol/mol) (95% CI
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�0.79%, �0.37% [4.0, 8.6 mmol/mol];
P < 0.0001) (Supplementary Fig. 2).
The mean difference between treatment
groups in percentage of time <70 mg/dL
was �0.36% (95% CI �0.61%, �0.11%;
P = 0.005), corresponding to 5.2 fewer mi-
nutes per day (Fig. 1D). Supplementary
Table 7 presents the change in percentage
of time<70mg/dL stratified by subgroup.
The mean differences between treat-

ment groups in change in T1-DDS, HCS,
and DQOL-Brief total scores were �0.18
(95% CI �0.32, �0.05; P = 0.009), 0.20
(95% CI 0.06, 0.34; P = 0.005), and 0.43

(95% CI 0.31, 0.55; P< 0.0001), respectively.
The proportion of responders (participants
who experienced the prespecified clinically
meaningful result) was significantly greater
in the intervention group than the control
group at 13 weeks for each of the three
person-reported measures (T1-DDS: mean
difference of 24.3% [95% CI 6.0%, 44.1%;

P = 0.02]; DQOL-Brief: mean difference of

52.7% [95% CI 36.2%, 67.9%; P< 0.0001];

HCS: mean difference of 18.9% [95% CI

4.5%, 34.7%; P = 0.008]). Supplementary

Figs. 3–5 show the cumulative distribution

function of the percentage of participants

experiencing a given change in T1-DDS or

DQOL-Brief score or final HCS score at

13 weeks, demonstrating a separation be-

tween the intervention and control groups

across a wide range of potential responder

definitions.

Exploratory Outcomes
Exploratory outcomes based on the HbA1c
level were significant in favor of the inter-
vention (Supplementary Table 8). The pro-
portion of participants in the intervention
and control groups with HbA1c <7.0%
(53 mmol/mol) were 39.5% and 9.1% and

Table 1—Characteristics of participants at baseline (modified intention-to-treat data set)

Characteristic
All randomized

(n = 194)
Intervention group

(n = 132)
Control group

(n = 62)

Age (years)
Mean ± SD 36 ± 14 36 ± 14 36 ± 13
Range 18–69 18–69 18–66

Duration of diabetes (years)

Mean ± SD 19.5 ± 11.1 19.2 ± 11.0 20.2 ± 11.4
Range 1.8–54.0 1.8–54.0 2.2–50.5

Country, n (%)

U.S. 118 (60.8) 80 (60.6) 38 (61.3)
France 76 (39.2) 52 (39.4) 24 (38.7)

BMI (kg/m2), mean ± SD 26.2 ± 4.6 26.6 ± 4.8 25.4 ± 4.1

Female sex, n (%) 116 (59.8) 78 (59.1) 38 (61.3)

Race and ethnicity, n (%)†
White 99 (83.9) 70 (87.5) 29 (76.3)
Hispanic or Latino 9 (7.6) 7 (8.8) 2 (5.3)
Not Hispanic or Latino 90 (76.3) 63 (78.8) 27 (71.1)

Black or African American 7 (5.9) 4 (5.0) 3 (7.9)
Hispanic or Latino 1 (0.8) 1 (1.3) 0 (0.0)
Not Hispanic or Latino 6 (5.1) 3 (3.8) 3 (7.9)

Asian 3 (2.5) 1 (1.3) 2 (5.3)
American Indian or Alaska Native 1 (0.8) 0 (0.0) 1 (2.6)
Other race 2 (1.7) 2 (2.5) 0 (0.0)
Hispanic or Latino 1 (0.8) 1 (1.3) 0 (0.0)
Not Hispanic or Latino 1 (0.8) 1 (1.3) 0 (0.0)

Multiple races 4 (3.4) 2 (2.5) 2 (5.3)
Not disclosed 2 (1.7) 1 (1.3) 1 (2.6)
Hispanic or Latino 2 (1.7) 1 (1.3) 1 (2.6)
Not Hispanic or Latino 0 (0.0) 0 (0.0) 0 (0.0)

HbA1c at screening (% [mmol/mol])

Mean ± SD 8.5 ± 0.8 [69.0 ± 8.7] 8.5 ± 0.8 [69.0 ± 8.7] 8.6 ± 0.9 [70.0 ± 9.8]
Range 7.0–10.9 [53.0–96.0] 7.0–10.5 [53.0–91.0] 7.0–10.9 [53.0–96.0]

HbA1c $8% (64 mmol/mol) at screening, n (%) 157 (80.9) 106 (80.3) 51 (82.3)

Daily insulin dose (units/kg)‡

Mean ± SD 0.62 ± 0.19 0.63 ± 0.20 0.59 ± 0.17
Range 0.23–1.28 0.23–1.28 0.30–1.16

Previous or current CGM use, n (%) 183 (94.3) 124 (93.9) 59 (95.2)

Duration of insulin pump use (years)

Mean ± SD 9.6 ± 7.2 9.5 ± 7.4 9.8 ± 6.8
Range 0.3–49.3 0.3–49.3 0.3–29.2

†Due to privacy laws, race and ethnicity were reported by participants in the U.S. only. ‡Baseline total daily insulin dose was determined
from data collected during the standard therapy phase.
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with HbA1c <8.0% (64 mmol/mol) and
were 85.7% and 52.7%, respectively (all
P # 0.0002). An improvement of at least
1.0% (10.9 mmol/mol) in HbA1c from
baseline was seen in 70.6% of the inter-
vention group and 30.9% of the control
group (P< 0.0001). At least a 10% relative
improvement in HbA1c from baseline was
seen in 77.3% and 34.5% of the interven-
tion and control groups, respectively (P <
0.0001). Supplementary Table 9 shows the
change in HbA1c stratified by subgroup.

Exploratory outcomes assessing further
CGM-based measures (Table 2) showed
that the intervention group had significantly
less percentage of time >250 mg/dL than
the control group, with a mean difference
between treatment groups of �10.8%
(95% CI �12.8%, �8.9%; P < 0.0001),
corresponding to 2.6 fewer hours per
day. The intervention group had a signifi-
cantly greater percentage of time in tight
range than the control group, with a mean
difference between treatment groups of
11.5% (95% CI 8.4%, 14.5%; P < 0.0001),
corresponding to an additional 2.8 h/day.
The mean difference between treatment
groups in glycemia risk index was �24
(95% CI �29, �19; P < 0.0001) (16). The
coefficient of variation did not show a dif-
ference between groups (P > 0.05). The
proportion of participants meeting con-
sensus targets for sensor-based outcomes
are listed in Supplementary Table 10. The
proportion of participants in the interven-
tion and control groups meeting the con-
sensus target of TIR >70% were 20.6%
and 3.2% (P = 0.001) and were 99.2% and
88.7% for the consensus target of <4%
time <70 mg/dL (P = 0.002), respectively,
during the 13-week trial period. Treatment
comparisons stratified by daytime and
nighttime for TIR and hypoglycemic metrics
are shown in Table 2 and Supplementary
Table 11, respectively.

There was no difference between the
intervention and control groups in terms
of change in BMI and total daily dose of
insulin (Table 2). A summary of insulin
requirements for both groups is pre-
sented in Supplementary Table 12.

Adverse Events
During the trial period, 13 adverse events
among 12 participants were reported in
the intervention group, and 10 adverse
events among 9 participants were re-
ported in the control group (number of
events per 100 person-years, 40.4 and
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68.3, respectively) (Table 3). One event in
each group was considered a serious ad-
verse event, including one case of severe
hypoglycemia in the control group, and
an unrelated tibia fracture in the inter-
vention group. Hyperglycemia and/or
prolonged hyperglycemia occurred in
both groups, but no cases of DKA were
reported.

System Use
Participants in the intervention group
spent a median (interquartile range) 97.3%
(92.7%–99.2%) of time in Automated Mode
(mean ± SD 94.1 ± 8.7%) while wearing the

system. In the intervention group, participants

spent 59.3% of total cumulative study

time at the 110 mg/dL target, 28.7%

at the 120 mg/dL target, 5.8% at the

130 mg/dL target, 2.5% at the 140 mg/dL

target, and 1.9% at the 150 mg/dL target

and 1.8% of time with the Activity feature

enabled.
There were 54 device issues among 30

participants reported in the intervention

group and 9 device issues among 6 partic-

ipants reported in the control group. In

the intervention group, device issues dur-

ing the trial were related to the Pod (n =

32), CGM (n = 7), Controller (n = 12), and

CGM transmitter (n = 3). In the control

group, device issues were related to the

Pod (n = 1), CGM (n = 6), and CGM receiver

(n = 2). A summary of device issues is pro-

vided in Supplementary Table 13.

CONCLUSIONS

In this parallel-group RCT of adults with
type 1 diabetes with suboptimal glyce-
mic outcomes, use of the tubeless AID
system was associated with an increase
of 4.2 h/day (difference of 17.5%) in the

target glucose range compared with
pump therapy with a CGM alone. This
outcome was accomplished with a signif-
icantly lower percentage of time with
sensor glucose in a hypoglycemic range
(<70 mg/dL) and hyperglycemic range
(>180 mg/dL), greater reduction in HbA1c
from baseline, no episodes of severe hypo-
glycemia or DKA, and a greater proportion
of participants achieving clinically mean-
ingful improvements in person-reported
outcomes with AID use. Notably, these re-
sults were achieved in a study population
comprising predominantly participants
with an HbA1c $8% (64 mmol/mol), mir-
roring the real-world burden of type 1 dia-
betes where only a fraction of adults
meet the target of <7% (53 mmol/mol)
(1). Collectively, these results highlight the
meaningful clinical and psychosocial im-
pact of AID and its potential to ultimately
reduce diabetes-related complications and

Figure 1—Glycemic outcomes during standard therapy and over the 13-week trial period for each treatment group. A: Box plot of the percentage
of TIR (70–180 mg/dL) during standard therapy and over the 13-week trial period for each treatment group. B: Cumulative distribution plot of the
cumulative percentage of participants compared with the percentage of TIR over the 13-week trial period for each treatment group. C: Envelope
plot of the sensor glucose level over the 13-week trial period according to time of day. Lines denote the median values of the participants’ glucose
levels, and shaded regions indicate the interquartile range. D: Box plot of the percentage of time below range (<70 mg/dL) during standard ther-
apy and over the 13-week trial period for each treatment group. To convert values for glucose to mmol/L, multiply by 0.05551.
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mortality risk while reducing self-care bur-
den in people with type 1 diabetes.
This trial highlights the undeniable ad-

vantage that an AID system can have in
improving clinical outcomes beyond that
of a nonautomated insulin pump with a
CGM. Indeed, despite the addition or con-
tinuation of a study CGM with their usual
pump therapy in the control group, all
primary and secondary outcomes were
met in the intervention group, emphasiz-
ing that AID use, rather than addition of
a CGM, substantially improves glycemic
and psychosocial outcomes. Notably, the
majority (87%) of participants were al-
ready users of the non-AID Omnipod insu-
lin pumps, with 97% of these participants
currently or previously using a CGM for
their diabetes management. Despite this,
switching to an AID system of the same
form factor (e.g., tubeless, on-body) was
still associated with improved outcomes.
Similarly, improvements in TIR were re-
cently reported in prior Omnipod DASH
(non-AID) users switching to the Omnipod
5 AID System in a real-world setting (18).
The treatment effects in the current

trial reaffirm findings seen among ado-
lescents and adults (aged 14–70 years) in

single-arm pivotal and extension trials of
tubeless AID use (7,9), as well as several
other reports demonstrating similar im-
provements in glycemic outcomes with
the tubeless AID system, despite differ-
ences in study design and baseline char-
acteristics of study samples (18–20).
While the increase in TIR (9.3%) observed
in the pivotal trial was less pronounced
than the current study, participants had a
more favorable baseline TIR with standard
therapy (64.7% vs. 43.9% [intervention
group] for the pivotal vs. current trial, re-
spectively) (7). This pattern aligns with re-
search indicating that a lower initial TIR is
associated with greater improvements in
TIR when using AID systems (21). As such,
when examining a subgroup of the pivotal
trial adult participants with a baseline
HbA1c $8% (64 mmol/mol) (mean 8.6%
[70 mmol/mol]), TIR was comparable to
the current work, starting at 42.6% and in-
creasing to 58.2% with tubeless AID use
(7,22). Furthermore, the mean baseline
HbA1c level in the current study of 8.5%
(69 mmol/mol) is more representative
of a real-world population compared
with previous studies, given that the
U.S. Type 1 Diabetes Exchange Quality

Improvement Collaborative recently re-
ported a mean HbA1c of 8.4% (68 mmol/
mol) in people with type 1 diabetes
across all ages (1). Notably, while the
greatest improvements in both TIR and
HbA1c in the current work occurred in par-
ticipants with HbA1c $8% (64 mmol/mol)
at baseline, those with baseline HbA1c
<8% (64 mmol/mol) still experienced a
marked improvement with use of the
tubeless AID system, emphasizing the
glycemic benefits of AID for adults with
type 1 diabetes across a broad range of
baseline HbA1c levels above the recom-
mended clinical target (1).

Other research has also demonstrated
the glycemic benefits of AID systems
compared with other insulin therapies
(e.g., multiple daily injections, sensor-
augmented pump therapy) for both
open-source and commercially available
systems (23–29).The current study results
compare favorably with other commer-
cially available systems demonstrating TIR
values of �60% for people starting with
higher HbA1c levels (29–32). For example,
participants using other AID systems with
an HbA1c $8% (64 mmol/mol) or $8.5%
(69 mmol/mol) achieved a TIR between
60.9% and 64.0% across studies (29–32).
Collectively, while most of these and the
current study results fall below the rec-
ommended target of>70% TIR (17), they
all represent marked improvements from
baseline, with 20.6% of participants in
the current study meeting the recom-
mended target for this metric with AID
use (an increase from 1.6% with standard
therapy). However, direct comparisons
across studies should be considered with
caution due to differences in study design
and study samples.

Notably, while �10% of participants in
the present study were using a pump
with AID capabilities prior to the study,
the systems were not used with automa-
tion enabled. While the reasons for this
are unknown, our study findings high-
light that enabling automation would
provide a significant benefit in glycemia.
Furthermore, results of the current study
demonstrated benefits of AID not only
for glycemic outcomes but also for per-
son-reported outcomes of diabetes dis-
tress, quality of life, and hypoglycemia
confidence, increasing the likelihood that
a user would continue using the system
and thus receive the persistent glycemic
benefits to improve their short- and

Table 3—Adverse events

Event
Intervention group

(n = 132)
Control group

(n = 62)

Any adverse event
Events, n 13 10
Participants with an event, n (%) 12 (9.1) 9 (14.5)
Events per 100 person-years, n 40.4 68.3

Specific events, no. of events/no. of
participants (% of participants)
[no. events per 100 person-years]

Severe hypoglycemia* 0/0 (0.0) [0.0] 1/1 (1.6) [6.8]
DKA† 0/0 (0.0) [0.0] 0/0 (0.0) [0.0]
Hypoglycemia‡ 0/0 (0.0) [0.0] 0/0 (0.0) [0.0]
Hyperglycemia§ 2/2 (1.5) [6.2] 0/0 (0.0) [0.0]
Prolonged hyperglycemiajj 4/4 (3.0) [12.4] 5/4 (6.5) [34.1]
Other adverse events¶ 7/6 (4.5) [21.7] 4/4 (6.5) [27.3]

*Severe hypoglycemia requiring the assistance of another person due to altered consciousness
and requiring another person to actively administer carbohydrate, glucagon, or other resuscitative
actions. One case of severe hypoglycemia in the control group was considered a serious adverse
event. †Hyperglycemia with the presence of polyuria; polydipsia; nausea or vomiting; serum
ketones >1.5 mmol/L or large/moderate urine ketones; either arterial blood pH <7.30, ve-
nous pH <7.24, or serum bicarbonate <15; and treatment provided in a health care facility.
‡Hypoglycemia resulting in an adverse event but otherwise not meeting the definition of se-
vere hypoglycemia. §Hyperglycemia requiring evaluation, treatment, or guidance from inter-
vention site or resulting in an adverse event but otherwise not meeting the definition of
DKA or prolonged hyperglycemia. jjMeter blood glucose measuring $300 mg/dL for >1 h and
ketones >1.0 mmol/L. ¶Other related, but nonglycemic adverse events included one case of
a skin reaction. Other nonrelated events included concussion, lumbosciatica, pneumonia,
shoulder pain, angina, laryngitis, fibula fracture, foot fracture, and sciatica. One case of a
tibia fracture in the intervention group was considered a serious adverse event.
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long-term health outcomes (33). Al-
though beyond the scope of this study,
the long-term impact of AID cannot be
realized unless systems reduce burden
and can be worn consistently, positively
impacting quality of life as well as
glycemia.

This study has several strengths, includ-
ing its RCT design that addresses limita-
tions of the previous single-arm pivotal
and extension trials of this system by al-
lowing consideration of study-related in-
teractions (7–10). Additionally, the study
sample with higher baseline HbA1c levels
is more reflective of the real-world bur-
den of type 1 diabetes. Furthermore, our
examination of outcomes stratified by
subgroup, though not statistically com-
pared, indicated favorable results across
various factors, including country, sex,
race and ethnicity, age, BMI, baseline gly-
cemic measures, and prior CGM use for
those using the tubeless AID system, sup-
porting the generalizability of the find-
ings. Still, the homogeneity of the study
population with respect to race and eth-
nicity and prior device use (97% were cur-
rent or previous CGM users and 87%
were using an earlier Omnipod System as
their insulin pump therapy) is a limitation
of the current work. Additionally, for par-
ticipants whose CGM-based measures
were collected prospectively during the
standard therapy phase, the study effect
could have affected the ability to assess
their true prestudy glycemia levels. How-
ever, the intervention group still experi-
enced a greater TIR during the 13-week
trial period compared with the control
group.

In conclusion, this tubeless AID system
has demonstrated significant improvements
in glycemic measures in adults with type 1
diabetes compared with those using stan-
dard pump therapy with CGM, as well as
improvements in person-reported out-
comes. The findings underscore the advan-
tages of AID to improve clinical outcomes
and to potentially reduce the short- and
long-term complications and increased
mortality risk associated with suboptimal
glycemic outcomes. These findings sup-
port the efficacy of AID systems and fur-
ther reinforce propositions to establish
these systems as the preferred therapy
for people with type 1 diabetes (4).
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