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Continuous subcutaneous insulin infusion (CSII) treat-
ment may improve long-term glycemic outcomes and
enhance quality of life compared with a multiple daily
injection (MDI) insulin regimen for people with type 1
diabetes. As the number of people treated with CSII via
a tubeless insulin pump is increasing, there is growing
interest in the long-term glycemic outcomes of this
treatment option across diverse populations. This mul-
ticenter, retrospective studyevaluatedglycemic control in
156 adults with type 1 diabetes initiating tubeless insulin
pump therapy following transition fromeitherMDI or CSII
witha tubed insulinpump. In thisstudy,useof the tubeless
insulin pump over 12 months was associated with sig-
nificant improvement inA1C inadultswith type1diabetes,
most notably in those with an A1C $9.0% and those
previously treated with MDI.

Multiple studies have demonstrated clinical and quality of
life benefits of continuous subcutaneous insulin infusion
(CSII) compared with a multiple daily injection (MDI)
insulin regimen for the treatment of type 1 diabetes
(1–14). Although clinical evidence shows that MDI users
may benefit from switching to CSII therapy, the overall
adoption of CSII in the United States has been low his-
torically, with an estimated 20–40% of people using this
technology (15,16). More recent data from the U.S. T1D
Exchange Clinic Registry indicate that the prevalence of
CSII use is increasing at the specialty endocrinology
centers participating in this registry, with an estimated
63% of patients using CSII in 2018, compared with 50%
in 2012 (17,18). However, a known limitation of this
registry is that it is not population-based and likely

overestimates frequency of device use in the overall U.S.
population. Even with greater rates of diabetes technology
adoption, only 21% of adults participating in the T1D
Exchange Clinic Registry attained an A1C ,7.0% as
recommended by the American Diabetes Association
(ADA) (19). Therefore, there is value in gaining a better
understanding of the effects of various type 1 diabetes
therapiesonglycemic control in real-worldclinical settings.

The Omnipod® Insulin Management System (Insulet
Corp., Acton, MA) is a tubeless insulin pump that consists
of the Pod, a small, adhesive, waterproof (IP28) wearable
insulin patch pump with automated cannula insertion,
and the personal diabetes manager (PDM), a handheld
device used to wirelessly control and monitor the Pod
(20). CSII treatment with a differentiated system such as
the tubeless insulin pump offers unique features that may
benefit some users in managing their treatment (21). For
example, the Pod is waterproof, and there is no tubing to
become snagged or pulled out. As a result, it can be worn
during swimming, bathing, and sports activities, without
the need to disconnect and disrupt insulin delivery, as
theremaybewith a tubedpump(22).With theautomated
cannula insertion, a consistent insertion distance and
angle is achieved. The user never has to see or handle the
needle, and there are fewer components than with tubed
pumps (20,21). Lastly, the tubeless form factor of the Pod
and the wireless PDMmay be more discreet and easier to
hide for wearing and managing (21,23). These features
may help patients overcome barriers that may be asso-
ciated with insulin pump therapy and promote treatment
adherence (10,23). Initial evidence has indicated that
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tubeless insulinpumpusehas resulted in improvedquality
of life and patient satisfaction (8,24–26). There is also
evidence that tubeless insulin pump therapy may be
associated with improved glycemic outcomes
(1,8,10,26–28).

As the number of people using tubeless insulin
pump therapy increases, there is a growing need to
understand the long-term clinical outcomes of this
therapy in various populations. The objective of this
studywas to evaluate the effect of 12months of treatment
with the tubeless insulin pump on glycemic control
in adults with type 1 diabetes following transition
from their prior form of insulin therapy (MDI or CSII
with a tubed insulin pump).

Research Design and Methods

Study Design

This was a multicenter, retrospective electronic health
record–based clinical investigation.

Patients at participating sites in the United States who
were $18 years of age, diagnosed with type 1 diabetes
for $1 year as of 1 November 2013, and receiving
treatment with either MDI or CSII with a tubed insulin
pump before transitioning to the Omnipod system
from November 2013 through July 2016 were eligible
for inclusion.

Eligible patients were required to have an A1C mea-
surement at Omnipod initiation (baseline) and at 1-year
follow-up. A1C values were available in the electronic
health records at the respective sites. All sites used an
NGSP-standardized A1C methodology. Given variable
outpatient follow-up in the real-world clinical setting,
baseline A1C was defined as the A1C value closest to the
initiation date, ranging from 3 months before to 1 month
after initiation; follow-up A1C was defined as the A1C
value closest to 12months after initiation, ranging from 9
to 15 months post-initiation. Patients who became
pregnant during the follow-up period were excluded.
Institutional review board approval of the protocol was
obtained from participating sites. Given the retrospective,
de-identified data collection, the study was exempted
from informed consent requirements.

Outcome Measures

The primary end point was change in A1C from the
time of transition (baseline) to 12 months after initiation
of the tubeless insulin pump. The change in A1C at 3 and
6 months post-tubeless insulin pump initiation and the

change in A1C stratified by baseline A1C and by prior
treatment modality (MDI or CSII with tubed insulin
pump)were also analyzed. Secondary outcomes included
change in body weight from baseline to 12 months post-
tubeless insulin pump initiation.

Statistical Analysis

Outcome measures were summarized as mean and SD
across patients at the multiple time points of interest
(baseline and 3, 6, and 12 months post-initiation of the
tubeless pump). A dependent t test for repeatedmeasures
was used to compare mean A1C values from baseline to
follow-up post-initiation for the overall sample, as well as
for within-group comparisons by prior treatment with
either MDI or CSII with a tubed pump and by baseline
A1C category (,9 or $9%).

A t test for independent means was used to compare
change in mean A1C values between prior MDI and CSII
treatment groups. The percentages of patients at various
levels of glycemic control at baseline and follow-up were
assessed by stratifying A1C values into categories of,7%
(ADA treatment target) (19), 7 to ,8%, 8 to ,9%,
and $9%. Additionally, glycemic control was assessed
according to the Healthcare Effectiveness Data and In-
formation Set (HEDIS) performance measurement cri-
teria of A1C,8%(“adequate control”), 8–9% (“moderate
control”), and.9% (“poor control”). McNemar’s test was
used for comparison of HEDIS “poorly controlled”
(A1C .9%) versus “not poorly controlled” (includes
adequate and moderate control, A1C#9%) classification
at baseline and 12 months post-initiation of the

TABLE 1 Baseline Characteristics

Parameter Patients (N 5 156)

Age at tubeless pump start, years 43.7 6 14.0

Female 86 (55)

Race/ethnicity
Caucasian/non-Hispanic 114 (73)
Unknown 28 (18)
Black or African American 13 (8)
Asian 1 (1)

Prior treatment modality
MDI 99 (63)
CSII 57 (37)

A1C, %
Overall 8.1 6 1.5
Prior MDI treatment (n 5 99) 8.2 6 1.6
Prior CSII treatment (n 5 57) 8.0 6 1.4

BMI, kg/m2* 26.9 6 4.6

Results are mean 6 SD or n (%). *Missing data for n 5 1.
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tubeless insulin pump. The proportion of patients
shifting between A1C categories at 12 months was
evaluated by Wilcoxon signed-rank test.

Change in body weight was evaluated by a dependent
t test for repeated measures.

Statistical significance was defined as P ,0.05 for all
comparisons. Statistical analyses were conducted using
SAS version 9.4 (SAS Institute, Cary, NC) and Microsoft
Excel (Microsoft Corp., Redmond, WA).

Results

Patient Demographics and Clinical Characteristics

A total of 156 patients with type 1 diabetes who met the
inclusion criteria were identified across the study sites.
Baseline characteristics are summarized in Table 1.
The majority of patients (63%) used MDI as their prior
treatment modality. The group transitioning from MDI
had a higher A1C at baseline than the group transitioning
from CSII with a tubed insulin pump. Approximately half
of eligible patients had A1C data available at the interim

time points of 3 months (54%, n 5 85) and 6 months
(50%, n 5 78).

Glycemic Outcomes

Results fromthe full cohort of156patients (includingboth
prior therapy modalities together) demonstrated a clin-
ically significant reduction in A1C 12 months after ini-
tiating tubeless insulin pump therapy (Figure 1), with a
change of 20.3% (95% CI 20.5 to 20.1%, P 5 0.007),
from 8.1 6 1.5 to 7.8 6 1.3%. Improvement in A1C was
also observed for the subsamples with data available
at the 3- and 6-month interim time points: a change
of 20.4% (n 5 85, 95% CI 20.7 to 20.1%, P 5 0.008),
from 8.1 6 1.6 to 7.7 6 1.4%, and 20.3% (n 5 78, 95%
CI 20.6 to 20.05%, P 5 0.021), from 8.1 6 1.4 to
7.8 6 1.1%, respectively.

Patients transitioning to the tubeless insulin pump from
MDI (n 5 99) experienced a significant decrease in A1C
of20.4% (from 8.26 1.6 to 7.86 1.2%, P5 0.009) after
12 months (Figure 2). There was no significant change in
A1C for prior CSII users (n5 57), who experienced amean
decrease in A1C of20.1% (from 8.06 1.4 to 7.96 1.5%,
P5 0.5). Although themean change in A1C for prior MDI
users was greater than the corresponding change for prior
CSII users, the difference between the two groups did not
reach statistical significance (P 5 0.1).

Patients with baseline A1C$9% (n5 40, 65% prior MDI
users) demonstrated a significant decrease in A1C
12 months after transitioning to the tubeless insulin
pump:21.26 1.7% (P,0.001) (Table 2). Patients with
baseline A1C ,9% (n 5 116, 63% prior MDI users)

FIGURE 1 A1C post-tubeless insulin pump initiation compared
with prior treatment in the full cohort of 156 adults with type 1
diabetes. Mean A1C is plotted at baseline with prior treatment, as
well as for the 3-, 6-, and 12-month follow-up time points after
tubeless insulin pump initiation. A1C at baselinewas 8.16 1.6% for
the subsample with data at the 3-month follow-up time point (n5
85) and 8.1 6 1.4% for the subsample with data at the 6-month
follow-up timepoint (n578) (not shown). Thechange frombaseline
at each point of follow-upwas found to be significant by dependent t
test for repeated measures (*P,0.01, **P5 0.02). The error bars
indicate SD.

FIGURE2 Change inA1Cat 12monthspost-tubeless insulin pump
initiation stratified by prior treatment in adultswith type 1 diabetes.
The change in A1Cwas significant for those previously treated with
MDI (n 5 99, *P 5 0.009) and was not significant for those
previously treated with CSII with a tubed insulin pump (n 5 57,
P 5 0.5). The error bars indicate 95% CIs.
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maintained a similar level of glycemic control between
baseline and 12months after transitioning to the tubeless
insulin pump (from 7.4 6 0.7 to 7.5 6 0.9%, P 5 0.4).

As shown in Figure 3, there was a significant im-
provement in glycemic control following tubeless pump
initiation, as assessed by the shift from higher to lower
A1C category (P 5 0.006). The percentage of patients
meeting theADA treatment target of A1C,7% increased
from 16% at baseline to 24% at 12 months post-tubeless
pump initiation. This resultwas similar for the subgroups
of prior MDI users (16% at baseline to 24% at follow-up,
n 5 99) and prior CSII users (16% at baseline to 25% at
follow-up, n 5 57). An improvement was also observed
when using HEDIS performance criteria categories
of,8, 8–9, and.9%, with a significant shift from higher
to lower category (P5 0.04). The percentage of patients
achieving “adequate control” (A1C,8%) increased from
58 to 61%. The percentage classified as “poorly con-
trolled” (A1C.9%) significantly decreased from 24% at
baseline to 15%at 12months after tubeless insulin pump
initiation (P 5 0.004). This result was similar for the
subgroups of prior MDI users (25% at baseline to 14% at
follow-up) and prior CSII users (21% at baseline to 16%
at follow-up).

Body Weight Outcomes

Therewas no clinically significant increase in bodyweight
12 months following transition to the tubeless insulin
pump (Table 3). Weight was stable for patients tran-
sitioning from MDI or CSII with a tubed insulin pump
(P .0.05 for all comparisons).

Discussion

This multicenter, retrospective study demonstrated sig-
nificant improvement inA1C inadultswith type1diabetes
12 months after transitioning to the tubeless insulin
pump. Improvement in A1C was also observed at the
3- and 6-month interim time points. The subgroup
transitioning from MDI had a significant improvement in
A1C, whereas the smaller subgroup transitioning from
CSII with a tubed pumpmaintained comparable glycemic

control between baseline and follow-up. The greatest
decrease was noted in the subgroup with baseline
A1C $9%, whereas A1C levels were stable between
baseline and follow-up in the subgroup with baseline
A1C ,9%. The significant reductions in A1C observed
in this study were achieved without an increase in
body weight.

Real-world population data in routine clinical practice
settings can provide important insight into factors af-
fecting treatment choice and clinical outcomes in people
with type 1 diabetes. Tubeless insulin pump therapy is a
differentiated form of CSII that has been associated with
improvements in glycemic control over the short term
(3–7 months) across all ages (1,28) and over the longer
term in youth (27), as well as with improvements in
quality of life in adults (8,26). However, there are limited
data on long-term (1 year or more) follow-up of glycemic
outcomes associated with tubeless insulin pump use in
adults (10). This report adds to the body of evidence on

TABLE 2 Change in A1C at 12 Months Post-Tubeless Insulin Pump Initiation Stratified by Baseline A1C

Baseline A1C Range Baseline A1C, % A1C 12 Months Post-Tubeless Pump Initiation, % Change in A1C, %

,9.0% (n 5 116) 7.4 6 0.7 7.5 6 0.9 0.1 6 0.7

$9.0% (n 5 40) 10.1 6 1.3 8.9 6 1.7 21.2 6 1.7*

Data are mean 6 SD. *P ,0.001 by dependent t test for repeated measures.

FIGURE 3 Proportion of patients in each A1C category at baseline
on prior treatment and 12 months post-tubeless insulin pump
initiation. There was a statistically significant shift from higher to
lower category from baseline to post-tubeless insulin pump
initiation (P 5 0.006).
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the long-term effects of tubeless pump insulin therapy on
glycemic outcomes in the adult population with type 1
diabetes in a real-world clinical setting.

In this study, the mean A1C of the full cohort (including
both prior treatment modalities together) was signifi-
cantly lower after 3, 6, and 12months following transition
to tubeless pump therapy. After 12 months of use, a
clinically significant 0.3% reduction in A1Cwas observed,
resulting in amean A1C of 7.86 1.3%. The A1C observed
at the 12-month follow-up in this study is consistent with
an analysis from the T1D Exchange Clinic Registry, which
reported that CSII users have a mean A1C of 8.6 6 1.6%
for those aged 18–25 years, 7.7 6 1.2% for those aged
26–49 years, and 7.661.1% for those aged$50 years (an
estimated averageA1Cof 8.0% for adult CSII users overall
based on the sample size of each age-group) (18).

At 12 months, 24% of tubeless pump users in our
study achieved the ADA treatment goal of A1C ,7.0%,
a notable increase of 8% from the proportion at goal
prior to tubeless pump initiation. As a comparator,
the T1D Exchange Clinic Registry reported that 21%
of their adult participants achieved this treatment
goal (18). Our results are consistent with previously
published data showing improved glycemic control
after initiating tubeless insulin pump therapy (1,8,10,28).
For example, a large survey study of adults with
type 1 diabetes in the United States found that
64% of tubeless insulin pump users reported an
improvement in A1C compared with prior therapy,
with 43% reporting an improvement in A1C $0.5%,
and only a small percentage (12%) reporting an increase
in A1C (8).

Patients with A1C $9% demonstrated the greatest re-
duction in A1C following transition to tubeless pump
therapy, while a relatively stable level of glycemic control
was maintained in patients with A1C ,9% at baseline.
Those with A1C $9% at baseline had a mean A1C of
10.1%, which was significantly reduced by 1.2% to 8.9%
after 12 months of tubeless pump therapy. Overall, the
number of patients in the A1C $9% category was nearly

halved, from40at baseline to 23at follow-up. Thisfinding
reinforces the benefit of offering other options for insulin
delivery to people with type 1 diabetes who are not
meeting glycemic goals with their current therapy
(29,30). Patients with higher A1C are at a greater risk for
both short- and long-term health complications, and
higher A1C is also correlated with greater health care
spending (31–35). Therefore, it is important for both
clinical and economic reasons to ensure that these
patients have the tools they need to succeed in lowering
their A1C. As evidenced in this study, one such tool
for consideration is the tubeless insulin pump, which
may be particularly beneficial for those who are
struggling with a high A1C while using MDI therapy.

Multiple studies have demonstrated that CSII therapy is
associated with improved glycemic outcomes compared
with MDI therapy (5,10,14,17,36,37). Our findings were
consistent with these existing reports, as the subgroup of
patients transitioning to the tubeless insulin pump from
MDI in our study experienced a significant reduction in
A1C of 20.4% after 12 months of use. A previous U.K.
study of patients transitioning to tubeless insulin pump
therapy from MDI had a similar result, with a decrease in
A1C from 8.4 to 8.0% after 1 year of use (10). Conversely,
patients who were already treated with CSII with a tubed
pump prior to initiating the tubeless insulin pump were
not necessarily expected to have a significant improve-
ment inA1C, as theywere already receiving the benefits of
CSII therapy at baseline (10). In keeping with this ex-
pectation, themeanA1C change for prior CSII users in our
study was not statistically significant.

Although those using CSII with a tubed pumpmay not see
a benefit in A1C when transitioning to a tubeless pump, it
is possible that they could experience benefits in other
areas, such as quality of life. Patient satisfaction and
quality of life were not assessed in the current analysis;
however, a previous study demonstrated that tubeless
pump users perceived substantial benefits in quality of life
from use of the device (8). Within that cohort, 43.7% had
previously used CSII with a tubed pump, although the

TABLE 3 Body Weight at 12 Months Post-Tubeless Insulin Pump Initiation Compared with Prior Treatment Overall and
Stratified by Prior Treatment

Baseline Regimen Baseline Weight, kg Weight 12 Months Post–Tubeless Pump, kg P

Overall (N 5 154) 79.2 6 16.4 79.8 6 16.7 0.17
Prior MDI (n 5 97) 77.8 6 16.3 77.9 6 16.2 0.75
Prior CSII (n 5 57) 81.6 6 16.6 82.9 6 17.3 0.09

Data are mean 6 SD. Missing data for n 5 2 prior MDI users. Calculated by dependent t test for repeated measures.
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results were not stratified by prior therapy. Another study
explored reasons for transitioning to tubeless pump
therapy,which includedwantingbetter controlofdiabetes
and wanting to lower A1C, as well as not wanting to
be connected to tubing for prior tubed insulin pump
users (26). Future work could investigate patient
preferences regarding the decision to elect transition
from tubed pump therapy to tubeless pump therapy,
for example, to improve their quality of life, and
whether such expectations were met after the
transition.

Weight was stable for patients transitioning from both
MDI and CSII. These findings are in line with a recent
observational study in two large cohorts of adults with
type1diabetes from real-worldmultidisciplinary diabetes
centers that found clinically significant reductions in A1C
in patients with suboptimal glycemic control without a
negative impact on weight 1 year after transitioning from
MDI to CSII (29).

Strengths of the current study include the multisite, real-
world setting, which allowed for the collection of data
from patients using the tubeless insulin pump in a routine
clinical setting across multiple diabetes centers. Addi-
tionally, an advantage of the current studywas the follow-
up period of 12 months, which allowed for assessment of
the durability of changes in glycemic control following
tubeless insulin pump initiation beyond the initial tran-
sition period.

Principal study limitations relate to selection bias
resulting from the retrospective nature of the analysis,
lack of a control group, exclusion of patients who did not
have 12-month A1C data, and lack of data regarding
patient satisfaction and quality of life. Data were not
available for most participants on modality of glucose
measurement (continuous glucose monitor [CGM] or
blood glucose meter), so we were not able to account for
CGM use as a factor that may affect glycemic outcomes.
Although the number of prior MDI users was substantial,
there was a smaller population of prior CSII users, which
may have affected our ability to assess significant changes
in this population. Furthermore, wewere unable to assess
the influence of prior therapy among thosewith a baseline
A1C $9% because there were not sufficient prior
CSII users with high baseline A1C within the study
population (n 5 14).

Additionalwork is needed to better understand the effects
on glycemic control of initiating tubeless pump therapy in
those previously treated with CSII with a tubed pump.
Future studies may also evaluate additional outcomes
such as total daily insulin use, frequency of acute

complications, quality of life measures, and patient
preference for the tubeless insulin pump versus prior
therapy.

Conclusion

This multisite, retrospective study of adults with type 1
diabetes electing to transition to the tubeless insulin pump
demonstrated improved glycemic control over a 12-
month follow-up period comparedwith prior therapy. The
subgroup transitioning from MDI had a significant im-
provement in A1C, whereas the smaller subgroup tran-
sitioning from CSII with a tubed pump maintained
comparable glycemic control between baseline and
follow-up. The greatest decrease was noted in the sub-
group with baseline A1C $9%, whereas A1C remained
stable between baseline and follow-up in the subgroup
with baseline A1C ,9%. Future evaluations using mixed
methods–based approaches may provide additional
insight into patient preference for the tubeless insulin
pump in the current era of emerging advanced diabetes
technologies.
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