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Abstract

Objective: To describe real-world outcomes for youth using the Tandem t:slim X2 insulin pump with Control-
1Q technology (“‘Control-1Q’’) for 6 months at a large pediatric clinic.

Methods: Youth with type 1 diabetes, who started Control-IQ for routine care, were prospectively followed.
Data on system use and glycemic control were collected before Control-1Q start, and at 1, 3, and 6 months after
start. Mixed models assessed change across time; interactions with baseline hemoglobin Alc (HbAlc) and age
were tested.

Results: In 191 youth (median age 14, 47% female, and median HbAlc 7.6%), percent time with glucose levels
70-180 mg/dL (time-in-range [TIR]) improved from 57% at baseline to 66% at 6 months (P<0.001). The
proportion of participants reaching TIR target (>70%) doubled from 23.5% at baseline to 47.8% at 3 months,
sustaining at 46.7% at 6 months (P <0.001). Glucose management indicator (approximation of HbAlc) im-
proved from 7.5% at baseline to 7.1% at 3 months and 7.2% at 6 months (P <0.001). Those with higher baseline
HbA1c experienced the most substantial improvements in glycemic control. Percent time using the Control-IQ
feature was 86.4% at 6 months, and <4% of cohort discontinued use.

Conclusion: The Control-IQ system clinically and significantly improved glycemic control in a large sample of
youth. System use was high at 6 months, with only a small proportion discontinuing use, indicating potential for
sustaining results long term.
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Introduction

YPE 1 DIABETES (T1D) 1s the most common form of

diabetes in youth,' affecting over 1.25 million people in
the United States, and incidence is increasing yearly.'” To
reduce the risk of morbidity and mortality from T1D, the
American Diabetes Association (ADA) now recommends
children and adults with T1D target a hemoglobin Alc
(HbAlc) of <7%.,%” lower than the previous recommendation
of 7.5%. However, only 21% of adults and less than 17% of
children meet this target.8’9 In addition to HbAlc metrics,
both the ADA and international consensus guidelines have
recommended that children and adults with T1D aim for
>70% time spent in glucose range 70—180 mg/dL, known as

time-in-range (TIR), which correlates with an HbAlc of
7%."° To help achieve these goals, the ADA Standards of
Medical Care In Diabetes recommends that children with
T1D use an intensive insulin regimen (such as multiple daily
injections or insulin pump) and frequent glucose monitoring
(by fingerstick or use of a continuous glucose monitor
[CGM]), and further suggests automated insulin delivery to
improve glycemic control.® Automated insulin delivery cur-
rently includes hybrid closed-loop systems, which consist of
an insulin pump, an integrated CGM, and an algorithm to
dynamically increase or decrease programmed insulin de-
livery to keep glucose levels in a target range. Current sys-
tems still require the user to deliver boluses of insulin for
carbohydrate consumption and hyperglycemia.
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The most recently available hybrid closed-loop system in
the United States is the Tandem t:slim X2 insulin pump
with Control-IQ technology (Tandem Diabetes Care, San
Diego, CA; referred to in this study as ‘‘Control-1Q”’),
which has been approved by the Food and Drug Adminis-
tration for ages 6 years and older."" The Control-IQ system
consists of an X2 insulin pump, an integrated Dexcom G6
CGM, and an embedded ‘‘Control-1Q’’ algorithm. The al-
gorithm predicts glucose levels 30 min into the future and
then increases or decreases programmed basal insulin rates
to maximize glucose levels between 112.5 and 160 mg/dL.
The algorithm considers current CGM glucose readings,
glucose trend, and amount of insulin already administered
by the pump (insulin on board). In addition, the system
delivers automatic correction boluses of insulin when
glucose levels are predicted to rise above 180 mg/dL.

Control-1Q users additionally have the option to program
a ““Sleep Activity” setting overnight, which narrows the
algorithm target range to 112.5-120 mg/dL, and an ‘‘Exercise
Activity,” which raises the algorithm target to 140-
160 mg/dL to reduce risk of hypoglycemia during exercise.
The Control-IQ algorithm remains active as long as the pump
is receiving CGM sensor data or until the user chooses to turn
off the feature. When not active, the user receives insulin
based on the manually programmed pump settings.

In the pivotal randomized control trial of the Control-IQ
system, adolescents and adults using the system increased
their mean TIR (70-180 mg/dL) from 61% at baseline to 71%
in 6 months,'? and youth 6-14 years improved from 53% at
baseline to 67% over a 16-week period."* Commercially,
Control-IQ became available during the first quarter of 2020,
so real-world evidence is now emerging about glycemic
outcomes and system use in the real world. The purpose of
this study is to describe these real-world outcomes in youth
and young adults with T1D using the Control-IQ system,
characterizing glycemic control and system use over a 6-
month period.

Methods

Study design and participants

This was a prospective observational study of youth using
the Control-IQ system for routine diabetes management at a
large pediatric diabetes clinic. Young adults and youth re-
ceiving care in our clinic, and their caregivers, were invited to
participate if they were prescribed the Control-IQ system
between January 2020 and November 2020; they were able to
complete online surveys written in English. Training on the
system was provided as per clinical protocols (not part of the
study) by the device manufacturer, either by online training
modules or with a certified trainer. Additional clinical follow-
up occurred at our center by diabetes educators during the
first few weeks of use, including a structured phone contact
with initial data review and assessment.'*

Study participation involved allowing research staff to
record glycemic and system use information from device
downloads for research purposes, and completing online
surveys at baseline, 3 months, and 6 months (survey data not
yet published). The Colorado Multiple Institutional Review
Board approved this study; young adults and caregivers
provided informed consent, and youth provided assent.
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Measures

Participants’ age, sex, race/ethnicity, insurance status, and
previous insulin delivery method were obtained from the
electronic health record at study enrollment. Glycemic and
system use measures were collected from commercial
Control-IQ  download  software  (https://tconnecthcp
.tandemdiabetes.com) or Tidepool (www.Tidepool.org) for
2-week periods at baseline and 1, 3, and 6 months when
available from clinic downloads. Device use measures in-
cluded percent time using the Control-IQ hybrid closed-loop
automation, percent time wearing CGM, total daily dose of
insulin, number of meal boluses given per day, average number
of hours per night using Sleep Activity, and average number of
uses of Exercise Activity. Blood glucose meter information
was not obtained, as users could use CGM glucose values for
insulin dosing and diabetes management decisions.'

For the 6-month timepoint, the number of high and low
sensor glucose alerts was tabulated. Glycemic data included
percent time CGM sensor glucose values <54 mg/dL (‘‘Level
2” hypoglycemia), <70 mg/dL (““‘Level 1’ hypoglycemia),
70-180 (TIR), >180 (‘“‘Level 1 hyperglycemia), and
>250mg/dL (“‘Level 2 hyperglycemia), mean sensor glu-
cose, and standard deviation as per international consensus
guidelines.'® We also calculated a Composite Glucose Index
(COQ]) for each timepoint, an index that characterizes glu-
cose profiles from 0 to 100 based on TIR, percent time
<70 mg/dL, and standard deviation.'®

Due to the coronavirus disease 2019 (COVID-19) pan-
demic that occurred during the 2020 calendar year, in-person
clinic visits were severely restricted, making HbAlc data
difficult to obtain. For baseline HbA 1c stratification, HbAlc
levels were included if they were obtained up to 90 days
before or up to 7 days after starting Control-IQ. Glucose
management indicator (GMI), an approximation of HbAlc,
was calculated for each timepoint based on mean sensor
glucose value for the past 2 weeks of data (https://www.jaeb
.org/gmi/) and was used as a proxy measurement for overall
glucose control comparison across timepoints.'’

Statistical analysis

Descriptive statistics reported include counts and per-
centages, means and standard deviations, median and inter-
quartile range, and percentiles. Mixed-effects models were
used to examine changes in the outcomes over time. Least-
squares means and standard errors were used to report the
results of mixed-effects models. For variables such as CGM
measures that were recorded at baseline, the baseline visit
was used as the comparison to months 3 and 6. For Control-
1Q variables, month 1 was used as the comparison to months
3 and 6. Pairwise comparisons of means at each visit were
adjusted for multiple testing using a Tukey adjustment. In
addition, models with an interaction between time and
baseline age (<13, 14-17, and =18 years) or HbAlc (<7%,
7%-9%, and 29%) were used to determine if the changes in
outcomes over time differed by group. R (R Core Team,
Vienna) software was used for all analyses.

Results

A total of 201 youth started the Control-IQ system and
enrolled in the study. Five participants were lost to follow-up
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after 1 month, and five additional participants discontinued
using the Control-IQ system by 3 months. The remaining 191
particirpants were included in the analysis [median age 14
years, ' HbAlc 7.6% (6.9 and 8.4), 47.4% female, 87.8%
non-Hispanic white, and 95.8% previous insulin pump users]
(Table 1). There were two episodes of diabetic ketoacidosis
during the study duration, one due to viral gastroenteritis and
one due to a likely infusion set failure. There was no severe
hypoglycemic event reported in the medical record.

System-use outcomes

CGM sensor wear improved from 85.0% at baseline to
90.3% at 3 months (post hoc P=0.003) and sustained at
90.0% at 6 months (P=0.97) (Table 2). Sleep Activity fea-
ture usage increased throughout the first 6 months, meaning
Sleep Activity was used for more hours per night, on average,
across time (P <0.001). Sleep Activity was used more than
15h aday in 3.3% of users at 3 months and 4.8% of users at 6
months. The use of the Exercise Activity decreased over time
(P=0.001). The percent of time youth used the Control-IQ
automation remained high (=86%) across all time points
(P=0.16). Furthermore, the number of meal boluses re-
mained unchanged (P =0.07), although there was a trend for a
decrease between baseline and 6 months (post hoc P=0.05).
At 6 months, participants experienced an average of 3.0 high
glucose alerts and 1.2 low glucose alerts each day.

A total of seven participants (3.5%) discontinued using the
Control-1Q automation by 6 months (5 by 3 months and 2 by
6 months): 1 stopped using an insulin pump altogether, but
continued using the CGM, 1 returned to using a different
insulin pump, and 5 continued-use of the Tandem insulin
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pump but discontinued using the CGM (which disables the
Control-1Q automation). User-cited reasons for discontinuing
Control-1Q were difficulty using the CGM (including skin
irritation, connectivity issues between CGM and pump, and
general discomfort/dissatisfaction) and dissatisfaction with
glycemic control when using the Control-IQ automation.

Three participants had intermittent use of Control-IQ au-
tomation, meaning they were not using it at the 3-month
timepoint, but were using it at 6 months. Reasons for inter-
mittent use of the Control-IQ automation were inconsistent
CGM use (not using CGM at 3 months but using CGM at 6
months) and confusion on how to use Control-1Q (e.g., using
CGM, but CGM not connected to the insulin pump, so the
Control-IQ automation could not engage). Finally, Control-
IQ automation use was unknown for 12 participants at 6
months due to available pump reports not displaying the
percent Control-IQ use.

Glycemic outcomes

TIR (70-180 mg/dL) significantly increased from 57.0% at
baseline to 68.1% at 3 months (an improvement of 2 h 40 min
per day) and sustained at 66.2% at 6 months (P<0.001)
(Table 2). For every 1% use of the Control-IQ automation,
TIR increased by 0.18% (P <0.001). The number of meal
boluses positively associated with TIR (P<0.001). The
number of low glucose alerts positively correlated to TIR,
while the number of high glucose alerts negatively correlated
to TIR (r=0.51 and r=-0.63, respectively; P<0.001 for
both). The proportion of participants reaching goal TIR of
>70% doubled from 23.5% at baseline to 47.8% at 3 months,
sustaining at 46.7% at 6 months (P<0.001). GMI also

TABLE 1. BASELINE CHARACTERISTICS OF CONTROL-IQ USERS

Strata Result
n 191
Age, years (median [IQR]) 14.0 [10.0, 16.0]
Age category [n, (%)] <13 years 92 (48.4)
14-17 years 67 (35.5)
18+ years 31 (16.3)
HbAlc, % (median [IQR])* 7.6 [6.9, 8.4]
HbA lc category [n, (%)]* <7% 38 (29.5)
>7% to <9% 71 (55.0)
>9% 20 (15.5)
Sex [n, (%)] Female 90 (47.4)
Male 100 (52.6)
Ethnicity [n, (%)] Hispanic or Latino 6 (3.2)
Not Hispanic or Latino 166 (87.8)
Unknown/not reported 17 (9.0)
Race [n, (%)] White 166 (87.8)
Black or African American 2 (1.1)
More than one race 6 (3.2)
Unknown/not reported 15 (7.9)
Insurance status (%) Public 19 (10.1)
Private 151 (80.3)
Other 18 (9.6)
Uninsured 0 (0.0)
Prior insulin Multiple daily injections 8 (4.2)
Tandem pump 177 (92.7)
Other insulin pump 6 3.1

“Thirty-two percent were missing due to lack of HbAlc data available due to COVID-19 pandemic.
COVID-19, coronavirus disease 2019; HbAlc, hemoglobin Alc; IQR, interquartile range.
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TABLE 2. USE oF THE CONTROL-IQ SYSTEM AND GLYCEMIC OUTCOMES OVER A 6-MONTH PERIOD

Strata Baseline 3 months 6 months pP?
% Time using Control-IQ automation [%, (SE)] 88.3 (1.2)b 86.0 (1.2) 86.4 (1.3) 0.16
% Time continuous glucose monitor use [%, (SE)] 85.0(1.4) 90.3(1.4) 90.0(1.4) <0.002
Total daily dose [units, (SE)] 47.0 (2.0) 499 (1.9 504 (2.0) <0.001
Number of meal boluses/day [#, (SE)] 4.4 (0.2) 4.2 (0.2) 4.0 (0.2) 0.07
Sleep activity use [# hours/night, (SE)] 6.6 (0.3)b 7.8 (0.3) 8.4 (0.3) <0.001
Exercise activity use [# uses/week (SE)] 1.0 (0.1)° 0.8 (0.1) 0.6 (0.1) 0.001
% TIR 70-180 mg/dL [%, (SE)] 56.8 (1.2) 68.0 (1.2) 66.2 (1.2) <0.001
Baseline HbAlc <7%  73.1 (2.1) 75.7 (2.1) 76.1 (2.2) <0.003
Baseline HbAlc >7%  51.2 (1.6) 66.1 (1.5) 62.2 (1.6) <0.001
to <9%
Baseline HbAlc 9%  38.8 (3.2) 52.6 (2.8) 51.6 (3.2) <0.001
GMI [%, (SE)] 7.5 (0.1) 7.2 (0.1) 7.2 (0.1) <0.001
Baseline HbAlc <7% 6.8 (0.1) 6.8 (0.1) 6.7 (0.10) 1.0
Baseline HbAlc >7% 7.7 (0.1) 7.3 (0.1) 7.4 (0.1) <0.001
to <9%
Baseline HbAlc 29% 8.5 (0.1) 7.9 (0.1) 7.9 (0.1) <0.001
Average glucose [mg/dL, (SE)] 175.0 (2.2) 160.5 (2.2) 162.5 (2.3) <0.001
COGI [COGaI, (SE)] 65.4 (0.73) 73.2 (0.71) 72.1 (0.75) <0.001
Baseline HbAlc <7% 734 (1.4) 776 (14) 763 (1.5 037
Baseline HbAlc >7%  62.0 (1.0) 72.0 (1.0) 70.0 (1.1) <0.001
to <9%
Baseline HbAlc 29%  57.5 (2.2) 659 (1.9) 642 (2.2) <0.001
Glucose <70 mg/dL [%, (SE)] 2.2 (0.16) 1.8 (0.2) 1.8 (0.2) 0.01
Glucose <54 mg/dL [%, (SE)] 0.4 (0.1) 0.4 (0.1) 0.4 (0.1) 0.90
Glucose >180mg/dL [%, (SE)] 41.8 (1.2)  31.7 (1.2) 34.0 (1.3) <0.001
Glucose >250 mg/dL [%, (SE)] 173 (1.0) 12,6 (0.9) 13.0 (1.0) <0.001
Glucose standard deviation [mean, (SE)] 653 (1.2) 579 (1.2) 58.7(1.2) <0.001

P value is for change over time. In post hoc analysis, all significant changes were between baseline and 3 months. There were no

si%)niﬁcant changes between 3 and 6 months.

For Control-IQ system specific features, month 1 was considered baseline data.
COGI, Composite Glucose Index; GMI, glucose management indicator; SE, standard error; TIR, time-in-range.

improved from 7.5% at baseline to 7.1% at 3months and
sustained at 7.2% at 6 months (P<0.001). Similarly, the
proportion of participants reaching GMI goal of <7% in-
creased from 26.5% (baseline) to 43.9% and 41.1% at 3 and 6
months. respectively (P <0.001). COGI increased over time
(P<0.001).

Time spent with glucose levels <70 mg/dL (hypoglycemia)
decreased from baseline to 3 and 6 months (P=0.01), al-
though was at or below the target goal of <4% hypoglyce-
mia”'” across all timepoints. There was no change in time
<54 mg/dL (serious hypoglycemia), which was less than 1%
for all timepoints, and at target goal. These trends in percent
TIR, percent <70 mg/dL, and GMI were similar across all
ages and were not different by age strata (P =0.37).

The percent TIR was significantly different by baseline
HbAlc strata (P<0.001), although all strata demonstrated
improvement in TIR (Fig. 1). Those with baseline HbAlc
levels 29% had the largest improvement in TIR over 6
months at 13.8% increase (absolute) or 35.6% relative in-
crease. The GMI was significantly different by baseline
HbAlc strata (P<0.001) with the high and middle HbAlc
groups improving GMI by 6 months, but the <7% HbAlc
group remaining the same (P=1.0). Similarly, COGI was
significantly different by baseline HbAlc strata (P=0.007),
with the high and middle HbA1c groups improving COGI by
6 months, but the <7% HbAlc group not significantly im-
proving (P=0.37). There was no difference in change across
time for time spent in hypoglycemia by baseline HbAlc.

Discussion

This is the first study to report on improvement in glycemic
TIR for youth and young adults using the Control-IQ hybrid
closed-loop system in the real world for management of T1D.
System use remained very high throughout the first 6 months,
indicating the potential for sustainability of therapy and
sustained glycemic control.

It is noteworthy that the glycemic outcomes in this obser-
vational study are comparable to glycemic outcomes reported
in rigorously controlled clinical trials of hybrid closed-loop
systems. In this study, youth achieved a mean TIR of 66% at 6
months, which is similar to the clinical trials of Control-IQ in
youth ages 6-13 years (TIR =67%),"* the MiniMed 670G in
adolescents ages 14 to 21 years (TIR=67%),'® and the 670G
in ages 7-13 years (TIR=65%)."® Typically, real-world re-
sults are more attenuated than in controlled trials, whereas in
this case, use of the Control-IQ system yielded similar out-
comes in a less controlled environment and broader aged
population of youth. These are encouraging early data to
support the idea that the system may perform as well in clinical
practice as it did in clinical trials.

TIR improved in this cohort by 9%, which is similar to the
10% TIR increase reported in the adolescent/adult pivotal
trial for Control-IQ,'* although less than the 14% TIR im-
provement in the youth trial (ages 6-13 years old)."* An
improvement in TIR of 10% is often considered clinically
significant, associated with an HbAlc drop of 0.5%-0.8%."°



HYBRID CLOSED LOOP IMPROVES GLYCEMIA IN T1D YOUTH 841
A 801 B G
______ 31 ~ ]
801 ,.". ----- - i - 5 a“'——
g "‘ é i '\-_'.d‘
x P g°
- - SO e
401
--\——-________,_.-—-"—-F_
Baseline HbA1c Category
Baseline 3 Months & Months Baseline 3 Months & Months — o
Timepoint Timepoint == 7% and <9%
C D;J_ —| ZT%
2.04 -
=501 %]
3 g
7.01
o Baseling 3 Months & Months Baseline 3 Months & Months
Timepoint Timepoint
FIG. 1. Change in TIR 70-180mg/dL (A), TBR (B), GMI (C), and COGI (D) across time stratified by baseline HbAlc

(95% confidence interval shaded). COGI, Composite Glucose Index; GMI, glucose management indicator; HbAlc, he-

moglobin Alc; TBR, time below range; TIR, time-in-range.

A TIR improvement of 5% could also be considered a sub-
stantial improvement, equating to an additional 1h per day
spent in target range. The improvement in TIR for this study
was primarily due to reduced exposure to hyperglycemia,
which is important for reducing risk of long-term macro-
vascular and microvascular complications.

Time spent <70 mg/dL was reduced significantly, although
time spent <54mg/dL was unchanged (though meeting
clinical targets). It is possible that the Control-IQ system’s
basal attenuation was able to gently reverse mild hypogly-
cemia, while unable to compensate for steeper declines in
glucose levels that led to lower nadir glucose, possibly from
insulin delivered by bolus. The GMI and COGI composite
metric also improved from baseline to 3 months, except for
those with baseline HbAlc <7%, indicating a favorable
weighting of TIR, hypoglycemia, and standard deviation with
use of Control-IQ. Those who were already meeting HbAlc
targets at baseline did not demonstrate worsening GMI or
COGL

Control-IQ is one of two hybrid closed-loop systems
available in the United States for youth and adults with T1D.
The MiniMed 670G was the first system, commercially
available in 2016. Our group previously reported that our
real-world youth cohort achieved 56.9% TIR after 6 months
of 670G use,” which is less than the 66% achieved in this
real-world study of Control-1Q. The reason for the difference
is likely not the efficacy of the hybrid closed-loop algorithms
in each device, which have demonstrated similar glycemic
results in clinical trials.'*>'® It is more likely due to adherence
to using the hybrid closed-loop automation in each system.

Real-world studies of the MiniMed 670G report relatively
low time (44%—76% at 6 months) using ‘““Auto Mode,” the

hybrid closed-loop automation feature.>*~** Our study found
a higher average use of the Control-IQ automation at 86%.
Furthermore, higher discontinuation rates have been reported
for the 670G system at 6 months (30% in youth®* and 34% in
a mixed youth and adult sample,?' whereas the discontinua-
tion of Control-IQ in this cohort was only 3.5%).

One likely explanation for these adherence differences is
the relative task burden needed to maintain hybrid closed
loop—the 670G system requires the user to perform finger-
stick blood glucose checks 2—6 times/day for sensor cali-
bration and for hybrid closed-loop use and can exit the user
from ““Auto Mode”’ if these requests are ignored and for other
reasons. The Control-IQ system does not require fingersticks
in routine use and does not exit the user from Control-1Q
automation unless the user chooses to turn the feature off or
the CGM is discontinued. The amount of work and trouble-
shooting that a device requires is a known barrier to device
use in both adolescents®> and adults,?® and plays an important
role in continued use.

In clinical care, use of diabetes technologies is associated
with better glycemic outcomes. In a recent T1D Exchange
Registry report, youth using CGM achieved mean HbAlc of
7.9%-8.3%, and insulin pump users achieved mean HbAlc
of 8.0%-8.8% (depending on age).® Although HbAlcs were
not collected in this study due to the COVID-19 pandemic,
the equivalent median GMI was 7.1%, substantially lower
(better) than the Registry data, and closer to the ADA goal of
<7%. The TIR achieved in this study at 6 months was 66%,
which approaches the clinical goal for TIR of >70%.”'°
These encouraging glycemic achievements may indicate that
hybrid closed-loop technologies enable youth to achieve
better outcomes than those who use an insulin pump or CGM
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alone, although larger registry analyses would be needed to
confirm this.

In addition to hybrid closed-loop use being very high, the
mean use of the Sleep Activity feature increased over time.
The interpretation is difficult, however, because it is unclear
if the mean number of hours of use was due to the Sleep
Activity being set for longer durations, or if it was turned on
for more nights of use. Our clinicians have observed that
some Control-IQ users accidentally set the Sleep Activity for
one night of the week, when intending to set it for all nights.
Careful education around how to set this feature may be
important. Furthermore, <5% of the cohort used the feature
>15h a day. Anecdotally, all-day use of Sleep Activity is
used as a strategy to improve TIR by lowering the target
throughout the day but was not utilized in a large percentage
of our participants.

Regardless of device choice, self-management behaviors
remain important considerations for glycemic improvement.
The number of user-initiated meal insulin boluses in this study
slightly decreased from 4.4 to 4 average boluses/day from
baseline to 6 months. This did not reach statistical significance
in the overall model; however, there was a trend for decrease
between baseline and 6 months (post hoc P=0.05). This is
important to evaluate in longer studies, as the number of bo-
luses is strongly associated with glycemic control,””*® and a
decrease in bolusing could indicate hybrid closed-loop users
may get complacent about bolusing over time.

It was not possible to evaluate the mean number of hy-
perglycemia correction boluses (insulin administered spe-
cifically for a high blood glucose) in this analysis, because
commercially available reports for Control-IQ do not dis-
tinguish between the automated hyperglycemia correction
boluses and user-initiated correction boluses on composite
reports, and only show the information on the daily view,
which was not analyzed. This would be an important addition
to future iterations of hybrid closed-loop software, as user
behavior around hyperglycemia is important for under-
standing overall diabetes self-management practices. Fur-
thermore, the number of total boluses was not analyzed, as
auto-corrections are a part of the modular Control-IQ hy-
perglycemia mitigation strategy and do not contribute further
understanding of user behavior nor complete algorithm re-
sponse to hyperglycemia.

Historically, studies also evaluate the number of finger-
stick blood glucose measurements as an important self-
management behavior. This was not relevant in this study due
to the use of the Dexcom G6 CGM, which does not require
fingerstick measurements for calibration or routine diabetes
management. The percent time using CGM may be consid-
ered an alternative measure of adherence, and CGM use was
high at every time point, although significantly improved
over 6 months in the full model. Since hybrid closed-loop
automation relies on CGM use, this adherence metric is es-
pecially important for these systems.

Strengths of this study include the large sample of youth
and young adults who started Control-IQ, and longitudinal
data over a 6-month period. A large number of glycemic and
diabetes management variables were assessed to draw
meaningful conclusions about real-world use. There are
limitations to this study as well. Most participants were non-
Hispanic white with private insurance, seen in a tertiary di-
abetes center, limiting the generalizability of the results, al-
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though commensurate with national demographic registry
profiles of T1D.? Furthermore, earlier adoption of technology
has been associated with higher socioeconomic status.?’ The
participants in this study already had well-controlled diabetes
relative to the general clinic population (registry data indi-
cating average HbAlc in children being 8.1%-9.3%).° In
addition, the majority of participants were already using in-
sulin pumps and CGMs before starting Control-IQ, so it is
unknown if the levels of adherence to the system and gly-
cemic outcomes would be achievable to individuals less fa-
miliar with diabetes technology. Finally, in the time of the
COVID-19 pandemic, HbAlc levels were not obtainable, and
GMI (calculated from mean glucose level for the past 2
weeks) was used as a proxy.

Conclusion

Youth and young adults with T1D using a new hybrid
closed-loop system improved glycemic control in the first 3
months compared to baseline, and this improvement was
sustained through 6 months. High use of the system and
significant glycemic improvements indicate the potential for
long-term sustainability, reducing overall morbidity and
mortality. Further longitudinal studies are needed to test this
hypothesis.
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