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Abstract

Background: This observational study investigated whether the connected NovoPen® 6 could influence insulin
regimen management and glycemic control in people with type 1 diabetes (T1D) using a basal-bolus insulin
regimen and continuous glucose monitoring in a real-world setting.

Methods: Participants from 12 Swedish diabetes clinics downloaded pen data at each visit (final cohort: n=94).
Outcomes included time in range (TIR; sensor glucose 3.9-10.0 mmol/L), time in hyperglycemia (>10 mmol/L),
and hypoglycemia (L1: 3.0- <3.9 mmol/L; L2: <3.0 mmol/L). Missed bolus dose (MBD) injections were meals
without bolus injection within —15 and +60 min from the start of a meal. Outcomes were compared between the
baseline and follow-up periods (=5 health care professional visits). Data were analyzed from the first 14 days
following each visit. For the TIR and total insulin dose analyses (n=94), a linear mixed model was used, and
for the MBD analysis (n=81), a mixed Poisson model was used.

Results: TIR significantly increased (+1.9 [0.8; 3.0]os¢, cr h/day; P <0.001) from baseline to follow-up period,
with a corresponding reduction in time in hyperglycemia (—1.8 [-3.0; —0.6]9s54 c1 h/day; P=0.003) and L2
hypoglycemia (0.3 [-0.6; —0.1]9s¢, 1 h/day; P=0.005), and no change in time in L1 hypoglycemia. MBD
injections decreased by 43% over the study (P =0.002). Change in MBD injections corresponded to a decrease
from 25% to 14% based on the assumption that participants had three main meals per day.

Conclusions: Our study highlights the potential benefit on glycemic control and dosing behavior when reliable
insulin dose data from a connected pen contribute to insulin management in people with T1D.
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Introduction Technological advances offer opportunities to optimize

insulin delivery, reduce dosing errors, and improve regimen

G LOBALLY, REGARDLESS OF DIABETES TYPE, many people
treated with insulin struggle to take their medication on
time and also maintain their treatment regimen over extended
periods of time.'™ Difficulties with insulin dosing and inac-
curate dose timing have been shown to result in poor glycemic
control for people with diabetes.” The impact of missed in-
sulin injections on HbA . levels is well established,”'? lead-
ing to an increasing risk of diabetes-related complications.'*'*

management. Diabetes treatment and care is moving toward
accurate, real-time, high-quality data that are easily available
to people with diabetes and health care professionals (HCPs).
In the era of smart phones, connected continuous glucose
monitoring (CGM) systems, and activity trackers, advance-
ments in insulin pen device design is part of the future.
Connected pens have the added ability to record insulin dose
data, thereby improving convenience. The use of connected
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insulin pens alongsidle CGM may have the potential to fa-
cilitate and improve diabetes management.

Two types of CGM systems are available for diabetes self-
management: real-time CGM (rtCGM) and intermittently
scanned CGM (isCGM; also referred to as flash glucose
monitoring). CGM, including iSCGM (hereafter, unless stated,
CGM includes both rtCGM and isCGM)), is being used b?f an
increasing number of people with type 1 diabetes (T1D).">'®

The key benefits of CGM include real-time data monitoring
for people with T1D and access for them and their HCPs to
complete glucose datasets'’; both of which help people to
achieve their target time spent within the acceptable range
(time in range [TIR]: 3.9-10.0 mmol/L [70-180 mg/dL]) and
avoid hyper- and hypoglycemia.'® Reductions in HbA . have
been reported with CGM use in people on multiple daily in-
jection (MDI) therapy,'® and continuous subcutaneous insulin
infusion therapy,® with reduced time spent in hypoglyce-
mia,”® and improved hypoglycemia awareness.

The connected insulin pen, NovoPen® 6, administers insulin
in 1 U dose increments, with a maximum dose of up to 60 U.
The number of units of the last administered insulin dose and
the time elapsed since administration is shown on an electronic
display. The NovoPen® 6 has a 5-year battery life, and collects
and stores data on the date and time of injections and the
number of units administered; these can be downloaded, using
near field connectivity, to a centralized database on a computer-
based data visualization program such as diasend® (Glooko,
Inc., CA). These data allow both users and HCPs to access and
visualize insulin injection patterns over time, together with the
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The connected NovoPen® 6 has the potential to move dia-
logues regarding diabetes management with HCPs away from
guessing about administered doses, toward true knowledge
about missed doses, optimal injection time, and optimal dose
size in relation to meals when combined with CGM. This could
create a more complete picture of the current glycemic control,
treatment, and disease state for people with T1D and HCPs.
Therefore, the aim of this observational study was to investi-
gate whether the connected NovoPen® 6 could influence in-
sulin regimen management and glycemic control in people
with T1D using CGM in a real-world setting.

Methods
Study design and participants

This study was a one-arm, prospective, observational, proof-
of-concept study, including 12 diabetes clinics in Sweden from
May 2017 until April 2019. For the analyses presented here,
study data from May 2017 to October 2018 only were used.
Participants were continuously enrolled into the study from
initiation until the complete data set was downloaded from the
Glooko database. Swedish Ethics Committee approval (2019-
01270) was obtained before any study-related activities. Writ-
ten informed consent was obtained from each participant by
Glooko, allowing Glooko to collect the participant’s data and
share it with Novo Nordisk for scientific purposes.

People with T1D using CGM, from the participating dia-
betes clinics, were included in the study at the discretion of
their treating physician. At baseline, participants received a

information from home blood glucose meters and/or CGMs. NovoPen® 6 for basal and/or bolus insulin injections.
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FIG. 1.

Study design. Prebaseline was the period before study commencement where participants were already using

CGM, but without concurrent use of the NovoPen® 6. CGM, continuous glucose monitoring; isCGM, intermittently scanned

continuous glucose monitoring.
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IMPROVED TIME IN RANGE WITH CONNECTED INSULIN PEN

Participants were blinded to the injection data overview during
the baseline period (baseline until visit 1; Fig. 1). However,
participants could still see their CGM data and they could also
see the dose of their last injection displayed on the pen.

At visit 1, the first set of injection data were downloaded at
the clinic for discussion between the participant and HCP. As
there is no difference in the operation of the NovoPen® 6
compared with traditional durable pens, except for connec-
tivity features, participants did not receive any structured
education or training; individual centers may have provided
informal training on the connectivity component of the pen
at, or after, the first visit. Thereafter, follow-up visits were
scheduled according to usual clinical practice; at each visit,
pen and CGM data were downloaded, discussed and acted
upon by the participant and HCP. CGM data were also up-
loaded between visits (Figs. 1 and 2).

Pen data could only be downloaded at the HCP’s office
(i.e., not at a participant’s home). Data were downloaded
from the Glooko database with anonymized participant IDs;
data were then cleaned to ensure consistency and to avoid
duplication (as detailed in the Results section).

Outcomes

Glycemic summary measures and number of missed bolus
dose (MBD) injections were compared between the blinded
baseline period and a follow-up period. The follow-up period
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was defined as any point after the fifth HCP visit. Visit 5 was
chosen as the earliest point for follow-up, as participants
would on average have been in the study for 2180 days,
allowing for sufficient interaction with HCPs and discussion
of available pen data. Days from baseline to visit 5 (Ql,
median, and Q3) were 167, 196, and 260.

TIR was defined as the time spent with sensor glucose within
the acceptable range (3.9-10.0 mmol/L. [70-180mg/dL]).
Additional outcomes included time spent in hyperglycemia
(>10.0 mmol/L [>180 mg/dL]) and time spent in hypoglycemia,
splitinto Level 1 (L.1: 3.0— <3.9 mmol/L [54— <70 mg/dL]) and
Level 2 (L2: <3.0 mmol/L [<54 mg/dL]). In addition, the total
daily insulin (basal/bolus) dose, mean glucose level, and the
coefficient of variation were measured.”> MBD was defined
as meals with no bolus injection within a time window of
15 min before to 60 min after the start of a meal, as detected
from the CGM signal by the clinically validated Glucose Rate
Increase Detector (GRID) algorithm (Fig. 3).23 An “‘on-time”’
dose was defined as when a bolus insulin injection was de-
tected within 15 min before and 60 min after the start of a meal.

Meals were detected when the CGM signal was
>7.2mmol/L (=130mg/dL) and the rate-of-change was
>5.3 mmol/(L-h) [295 mg/(dL-h)] for the last two consecu-
tive readings, or =5.0 mmol/(L-h) [290 mg/(dL-hour)] for
two of the last three readings. The majority of participants
used isSCGM, which registered readings every 15min.
Therefore, the rtCGM signals, which registered readings
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FIG. 2. Upload of participant CGM data. Study period for each participant. A total of 94 participants are included in the TIR
analysis. Blue lines indicate the period where data are available from the baseline date (blue square) to the last date with either
CGM or insulin dosing data in the database. The filled blue circles indicate visits to the clinic, where data were downloaded
and evaluated with the HCP. Orange lines indicate days with acceptable CGM data* within 1-14 days that are included in the
primary analysis. The open blue circles are virtual uploads of CGM data that were not physical HCP visits. *CGM coverage of
at least 70% per day. CGM, continuous glucose monitoring; HCP, health care professional; TIR, time in range.
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FIG. 3. Detection of missed bolus insulin doses by the GRID algorithm. Example of a day with two meals detected. The
solid dark blue line represents the CGM signal and the light blue shaded areas each represent a detected meal. The gray,
dashed line represents a glucose level of 7.2 mmol/L (130 mg/dL) and the gray shaded area represents a target glycemic
range of 3.9-10.0 mmol/L (70-180 mg/dL). Meals are detected when the CGM signal is =7.2 mmol/L (=130 mg/dL) and
with rate-of-change being sufficiently high over the last two to three readings corresponding. The blue circles in the lower
figure indicate bolus doses. A bolus dose within 15 min before to 60 min after a meal starts is considered ‘‘on-time,”’
whereas a dose outside of this time window is considered a MBD. Male patient, aged 30 at baseline. CGM, continuous
glucose monitoring; GRID, Glucose Rate Increase Detector; MBD, missed bolus dose.

every 5 min, were resampled to 15 min intervals. CGM pro-
files typically did not display all three meals per day, possibly
due to low-carbohydrate or well-dosed meals that were in-
distinct in the CGM signal to the GRID algorithm. This was
due to the algorithm being designed to detect meals that
contained at least 40 g of carbohydrate.

Statistical analyses

Data from the first 14 days following each clinic visit were
used in the analyses in line with the international consensus
on the use of CGM.?? Days with unacceptable CGM coverage
(<70%) were excluded. Approximately, 2500 days’ worth of
CGM data with acceptable coverage were included.

Due to the variation in study duration and visit frequency
observed between participants (Fig. 2), an initial analysis
investigating whether there was a relationship between
baseline participant characteristics and the variations in study
duration and visit frequency was conducted.

TIR values were calculated both in hours, based on the
time interval between readings, and as a percentage of all
readings on a given day. Slight differences in the results from

these two methods were expected due to sections with
missing data or additional iSCGM readings obtained when
manually scanning the sensor.

For the TIR and total insulin dose analysis (n=94), each day
was aggregated to a single value for each response. A linear
mixed model was applied with visit number (baseline, 1, 2, 3,
4, 5+) as fixed effect and participant and visit nested within
participant as random effects. An exponential covariance
function was used to model the correlation between days
within a 14-day period. All 94 participants with acceptable
CGM data were included in the analysis, and a total of 14
participants contributed with data from visit 5 or later (Sup-
plementary Fig. S1).

All data from all participants were included in the analysis,
as the linear mixed model allowed for unbalanced and
missing data. Robustness with respect to the choice of follow-
up period was evaluated by estimating the change from
baseline for each single visit. The estimated difference be-
tween baseline and the follow-up period was obtained with
95% confidence intervals. The dosing data were analyzed on
a logarithmic scale and estimates and confidence intervals
converted to relative differences in percent.
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For the MBD injection analysis, this was restricted to
participants with bolus pen data (n=81). The change in the
mean number of MBD injections from baseline to the follow-
up period (after five HCP visits) was analyzed using a gen-
eralized linear mixed model based on the Poisson distribution
with visit number (baseline, 1, 2, 3, 4, 5+) as fixed effect, and
participant and visit nested in participant as random effects,
and using a logarithmic link-function. As for the TIR analysis,
all 81 participants were included in the analysis. The number
of participants achieving =5 visits was 10. Robustness with
respect to the choice of follow-up period was evaluated by
estimating the change from baseline for every visit.

A significance level of P<0.05 was predefined for all
statistical comparisons. All statistical models were verified
based on residual plots (not shown).

Results
Study population

A total of 270 participants’ IDs were downloaded from the
Glooko database. However, some of the dose records in the
database were duplicates from the same pen registered under
different participant IDs, indicating that some participants
had registered with multiple IDs (i.e., multiple e-mail ad-
dresses). Participant IDs sharing the same pen had to be re-
linked and inconsistent IDs or those IDs with unusable data
were excluded, resulting in 224 participants remaining in the
cohort.

Participant IDs were excluded from the cohort if they did
not have both CGM and pen data, if they were children <18
years of age or if they did not have CGM data within 14 days
of a visit. Children and adolescents were excluded from the
analyses; some children had additional functionality to up-
load data from home, which meant that a clear link between
upload points and clinic visits could not be established. This
resulted in a final cohort of 94 participants, representing 35%
of participant IDs received, included in the main analyses.

Of these 94 participants, 48 were men and 46 were women,
with a mean age of 40.1 years (range 18-83 years). Eleven
participants used CGM with 5 min intervals between readings
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and 83 used isCGM with 15 min intervals between readings.
A total of 64 participants used NovoPen® 6 for bolus insulin
only, 17 for both basal and bolus insulin, and 5 for basal
insulin only (7 participants did not have connected pen data in
the 14-day period following a visit and 1 participant used
biphasic insulin aspart 30, which is neither bolus nor basal
insulin). The majority of participants with a basal insulin pen
used insulin degludec (n=21), with one participant using
insulin detemir. Of participants with a bolus insulin pen, a
total of 79 used insulin aspart as the bolus insulin, with one
participant using human insulin and one participant using
faster-acting insulin aspart.

The average study duration (the number of days from
baseline to the last day with any relevant data [CGM or pen]
before the download date from Glooko) was 223 days (range
14-487 days), with a mean of 27 days’ data included per
participant from day 1 to 14 after a visit. Visit frequency and
time between visits varied between participants, as visits
were scheduled according to clinical practice (mean number
of visits in the study: 2.6 visits [range 0—11 visits]; mean time
between visits: 71 days [range 1-319 days]). There was no
indication of a relationship between baseline parameters
(age, glycemic control, or insulin dose) and study duration or
visit frequency.

Glycemic summary measures and insulin dosing

Of the final cohort of 94 participants, 14 made =5 visits to a
HCP (Supplementary Fig. S1). The number of participants
with data at visits 1, 2, 3, and 4 was 57, 30, 21, and 15,
respectively. The change in TIR was relatively stable from
visit 4 onward, as shown in Supplementary Figure S1. A sig-
nificant absolute increase in mean TIR of 1.9 [0.8; 3.0]os% c1
hours per day (P<0.001) or 8.5% (percent of day) [3.7;
13.3]os59 c1 (P <0.001) was reported, from baseline to after five
HCP visits (Table 1 and Fig. 4). This corresponded to a relative
increase of about 21% of the mean baseline level. Accordingly,
there was a significant reduction in mean time spent in hy-
perglycemia (>10.0 mmol/L [>180mg/dL]) of —1.8 [-3.0;
—0.6]os9, c1 hours per day (P=0.003) or —6.2% (percent of
day) [-11.5; =1.0]os9, c1 (P=0.021) (Table 1 and Fig. 4).

TABLE 1. BASELINE LEVEL AND ESTIMATED CHANGE AT OR AFTER FIVE HEALTH CARE PROFESSIONAL VISITS:
KEY GLYCEMIC SUMMARY STATISTICS

Baseline level [95% CI]

Estimated change [95% CI] P

TIR (3.9-10.0 mmol/L [70-180 mg/dL]) 9.19h [8.28; 10.10] 1.89h [0.79; 2.99] <0.001
41.4% [37.4; 45.3] 8.5% [3.7; 13.3] <0.001

TIHyper (>10.0 mmol/L [>180 mg/dL]) 11.80h [10.81; 12.79] —1.78h [-2.96; —0.60]  0.003
53.5% [49.0; 58.1] -6.2% [-11.5; —1.0] 0.021

TIHypo L1 (3.0- <3.9 mmol/L [54— <70 mg/dL]) 0.69h [0.55; 0.83] —0.15h [-0.36; 0.07] 0.181
3.1% [2.5; 3.7] -0.7% [-1.6; 0.2] 0.141

TIHypo L2 (<3.0 mmol/L [<54 mg/dL]) 0.47h [0.32; 0.61] —0.33h [-0.56; —0.10]  0.005
2.1% [1.4; 2.7] -1.5% [-2.5; -0.5] 0.004

Mean glucose 11.09 mmol/L [10.53; 11.65] —0.34 mmol/L [-0.96; 0.28] 0.279
% Coefficient of variation 35.89% [34.33; 37.45] -3.84% [-6.12; —=1.56]  0.001

Estimated baseline level and change between visits =5 and baseline with 95% CI. Linear mixed model of TIR per day, with visit number
(baseline, 1, 2, 3, 4, 5+) as fixed effect, participant and visit nested in participant as random effects, and with exponential covariance
function. N=94, visits=231, CGM days=2552. TIR values were calculated both in hours, based on the time interval between readings, and
as a percentage of all readings on a given day. Slight differences in the results from these two methods may occur due; sections with missing
data or additional CGM readings at the time of sensor scanning.

CGM, continuous glucose monitoring; CI, confidence interval; N, number; TIHyper, time in hyperglycemia; TIHypo L1, time in L1
hypoglycemia; TIHypo L2, time in L2 hypoglycemia; TIR, time in range.
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There was no significant change in mean time spent in L1
hypoglycemia (3.0- <3.9 mmol/L [54- <70 mg/dL]; P=0.181;
Table 1 and Fig. 4). A significant reduction in L2 hypogly-
cemia (<3.0 mmol/L [<54 mg/dL]) of —0.3 [-0.6; —0.1]os% c1
hours per day (P=0.005) or —1.5% (percent of day) [-2.5;
—0.5]o59, c1 (P =0.004) was also observed (Table 1 and Fig. 4).
While the mean glucose level did not change significantly
(—0.34 mmol/L [-0.96; 0.28]9s9, 1), the coefficient of varia-
tion was significantly reduced by 3.8% [-6.1; —1.6]9s¢, c1 from
a baseline level of 35.9% (P=0.001; Table 1).

In terms of bolus insulin dose (n=281), there was a signifi-
cant increase from baseline (25.1 U/day [22.0; 28.7]os¢, c1) to
after five HCP visits of 28% [9.4; 49.5]os9, c1 (P=0.002).
There was no significant change from baseline (24.2 U/day

[19.8; 29.8]959 c1) in mean basal insulin dose (n=22; change
11% [-7.2; 32.8]o59, c1, P=0.238).

MBD injections

Eighty-one adults with T1D were included in the MBD
analyses, which included 2747 detected meals; 10 participants
in this analysis had =5 visits. A significant decrease of 43%
(estimated relative change: —43.1% [-60.5; —18.0los% c1,
P=0.002; Table 2) in the average daily number of MBD in-
jections was observed from baseline (0.74 [0.62; 0.88]os% c1)
to the follow-up period (0.42 [0.30; 0.60]os9 c1, P=0.002;
Table 2 and Fig. 5). The change in MBD injections by visit is
included in Supplementary Figure S2, which shows that a

TABLE 2. MEAN NUMBER OF DAILY MEALS AND DOSING BEHAVIORS FROM BASELINE TO AFTER FIVE
HEALTH CARE PROFESSIONAL VISITS

Baseline level [95% ClI]

Visit 25 level [95% CI]

Proportion

Daily meals (n) of 3 meals

Daily meals (n)

Estimated relative
change [95% CI] P

Proportion
of 3 meals

MBD
“On-time”’ dose

0.74 [0.62; 0.88] 24.7% [20.8; 29.4] 0.42 [0.30; 0.60] 14.1% [9.9; 19.9]
0.57 [0.48; 0.69] 19.1% [15.9; 23.0] 0.59 [0.43; 0.80] 19.6% [14.5; 26.7]
Undetected meals® 1.54 [1.37; 1.70] 51.5% [45.6; 56.7] 1.94 [1.69; 2.14] 64.6% [56.4; 71.2]

-43.1% [-60.5; —18.0] 0.002
2.7% [-24.7; 40.2] 0.865
25.4% [8.7; 43.5] 0.003

Estimated mean data and 95% CI based on a mixed Poisson model, with visit number (baseline, 1, 2, 3, 4, 5+) as fixed effect and

participant and visit nested in participant as random effects.
#Assuming three meals per day on average.

CI, confidence interval; HCP, health care professional; MBD, missed bolus dose; N, number.
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glucose monitoring; CI, confidence interval; HCP, health care professional; MBD, missed bolus dose; NS, not significant.

significant effect was seen from visit 3, and that it was rela-
tively consistent from this point onward. Based on the as-
sumption that participants have three main meals per day, the
change in daily number of MBD injections corresponded to a
decrease from 24.7% [20.8; 29.4)95¢, c1 (five meals with a
missed dose per week) to 14.0% [9.9; 19.9]95¢, 1 (three meals
with a missed dose per week) in MBD injections.

Discussion

Many people treated with insulin fail to reach their gly-
cemic targets, which is known to increase the risk of micro-
vascular and macrovascular complications, resulting in
substantial morbidity and mortality.'*'*** Qur findings in
this observational study in adults with T1D using CGM
highlight the potential benefits on glycemic control and in-
jection behavior when connected pen data contribute to in-
sulin treatment. Previous studies have identified that an
engaging and open dialogue between HCPs and people with
T1D is highly important for optimal disease management, as
it promotes collaboration, communication, and people’s
participation in their own treatment decisions.>>*® Our re-
sults suggest that the use of a connected pen might help to
facilitate more informed dialogues between HCPs and people
with T1D.

Over the course of the study, participants experienced less
glucose variability, more TIR and less time in hyperglycemia
and L2 hypoglycemia (<3.0 mmol/L [<54 mg/dL]); these
changes occurred early, after five visits with a HCP. The
recent Advanced Technologies & Treatments for Diabetes
Congress consensus recommendations suggest that an ap-

proximate 5% increase in TIR is associated with clinically
significant benefits.>” Two analyses found that an increase in
TIR of 10% corresponded to a decrease in HbA . of ~0.5%—
0.8% (5-9 mmol/mol).z&29 Therefore, even small improve-
ments in TIR can yield corresponding improvements in
HbA ., and result in clinically significant benefits. Based on
these analyses, the 8.5% increase in TIR reported here would
be expected to correspond to an improvement in HbA,.
of ~0.4-0.7% (4-7 mmol/mol).

Notably, in the current study, time in hypoglycemia did not
increase, while time in L2 hypoglycemia (<3.0 mmol/L
[<54 mg/dL]) decreased. Mean glucose levels showed only a
slight, but nonsignificant, decrease (HbA,. data were not
recorded). However, glucose variability decreased signifi-
cantly, indicating that the improved TIR was primarily due to
more consistent and stable glucose levels (CGM profiles)
rather than a general reduction across the day. The significant
increase in the injected bolus dose from baseline to the
follow-up period (28%) may have contributed to the im-
proved TIR and stable profiles.

The finding of only a small, nonsignificant, increase in
basal dose may be due to relatively few participants in the
study using connected pens for their basal insulin. A previous
study has demonstrated that improvements in glycemic
control and glycemic variability were associated with an in-
creased frequency of blood glucose testing and administra-
tion of bolus insulin.’® Other studies have demonstrated that
fluctuations in blood glucose levels may contribute more to
outcomes than constant high blood glucose concentra-
tions.>' > As measurements of HbA . do not reflect gly-
cemic variability and target HbA . values may be achieved
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while still experiencing marked daily glycemic fluctua-
tions, people with T1D may regard reducing glucose vari-
ability and improving TIR to be as important as achieving
their target HbA ;. value.*®>’

The study data also confirmed that missing bolus injections
can be common for people with T1D, where on average at
least 25% of meals had a missed dose, assuming three meals
per day. This amounts to five meals with a missed dose per
week on average. Supporting people to engage with and
optimize their insulin regimens is a key challenge for HCPs,
with educational interventions having limited effects.*® Stu-
dies have found significant correlations between HbA . lev-
els and the number of missing bolus injections.”>° A recent
study observed that the rate of late or missed bolus injections
was 27% in people using MDI therapy, and that missed bolus
injections correlated with higher HbA . levels.*” In a study of
youths receiving insulin pump therapy, two missed bolus
injections each week was associated with an increase in
HbA . of 0.5% (5 mmol/mol).*®

Our findings indicate that a connected pen may help people
to reduce the number of missed bolus injections and to
properly adjust doses, thus leading to better glycemic control.
Participants in our study achieved a greater number of well-
dosed meals, with 43% fewer meals with missed doses
through connected pen use. This suggests that evaluating past
dosing data together with HCPs may have helped participants
to remember and administer their meal-time doses, or to
improve the timing of the dose relative to the meal. Taken
together, our TIR and MBD data support the hypothesis that
connected pens may support people with the management of
their insulin treatment regimens.

Observational studies have inherent limitations, which
should be considered when interpreting our results. As this
was a short single-arm study, we cannot conclude with cer-
tainty that the use of a connected pen directly improved
glycemic control, and other factors may have played a role.
We are confident that the effect seen was not due to the use of
CGM alone; an analysis of a subset of participants with
confirmed CGM data in the database, at least 3 weeks before
baseline (i.e., existing CGM users), demonstrated virtually
the same results (data not shown). Longer studies are war-
ranted to adequately assess effect durability.

Since visits were conducted according to local clinical
practice, the time in study, number of HCP visits, and time
between visits varied considerably between participants. This
may have resulted in a selection bias; however, data analyses
did not find any evidence of relationships between baseline
participant characteristics and study time or visit frequency. In
addition, the visit frequency for most participants seemed to be
higher than what would be expected in normal clinical prac-
tice.*! Participants may have been more engaged in their glu-
cose profiles and insulin dose patterns and therefore visited
their HCPs more frequently to download and discuss their
glucose and insulin dosing data. Equally, this may be explained
by the initial need for more frequent visits when introducing a
new technology. Further investigation of the effect of at-home
data download capacity on visit frequency might permit digital
consultations and reduce the need for clinic visits.

There was limited access to background participant in-
formation within the dataset, such as diabetes status and co-
morbidities. Many participant IDs (65%) were excluded from
the analyses during data cleaning. Furthermore, as data were
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unbalanced, the use of a linear mixed model with different
levels of correlations was necessary.** This allowed all data
to be used, and by including participant as a random effect, it
ensured that each participant had their own baseline level,
and the estimated change from baseline to visit 5 can be
interpreted as the mean change from this level. For the TIR
analysis, only 14 participants had data from visit 5 onward
(Supplementary Fig. S1), meaning that the estimated change
is based on the data from these, while the remaining data are
used to estimate the random variation between participants,
visits, and days and thus contribute to degrees of freedom in
the variance estimates.

This is the first real-world insight into outcomes with
connected pen use in clinical practice. Data presented here
were subject to acknowledged limitations, and larger, con-
trolled follow-up studies are needed. Nonetheless, our find-
ings suggest that connected pens such as the NovoPen® 6
have the potential to improve glycemic control, decrease
glucose variability and increase treatment concordance in
people with T1D, addressing the large unmet need for opti-
mal insulin treatment.

Acknowledgments

The authors thank Ann-Charlotte Mardby (Novo Nordisk
Sweden) and Melissa Voigt Hansen (Novo Nordisk A/S,
Denmark) for their review of and input to the article and
Francesca Hemingway and Victoria Jones from Water-
meadow Medical (sponsored by Novo Nordisk) for providing
medical writing and editorial support.

Author Disclosure Statement

P.A. has received research support or advisory board fees
from Eli Lilly, Novo Nordisk, Roche, funding from Research
and Development, Region Halland, and is an employee of
Region Halland.

N.V.H,, A.K,, and J.B.M. are full-time employees of, and
hold stock in, Novo Nordisk A/S.

J.H. has received advisory board fees from Abbott, Bayer,
Sanofi, Novo Nordisk, Eli Lilly, MSD, and Boehringer In-
gelheim and received consultancy fees from Sanofi, Novo
Nordisk, and Boehringer Ingelheim.

Funding Information

Funding source: Novo Nordisk.

Supplementary Material

Supplementary Figure S1
Supplementary Figure S2

References

1. Osborn CY, Gonzalez JS: Measuring insulin adherence
among adults with type 2 diabetes. ] Behav Med 2016;39:
633-641.

2. Davies MJ, Gagliardino JJ, Gray LJ, et al.: Real-world
factors affecting adherence to insulin therapy in patients
with type 1 or type 2 diabetes mellitus: a systematic review.
Diabet Med 2013;30:512-524.


https://www.liebertpub.com/action/showLinks?pmid=23323988&crossref=10.1111%2Fdme.12128&citationId=p_11
https://www.liebertpub.com/action/showLinks?pmid=27062271&crossref=10.1007%2Fs10865-016-9741-y&citationId=p_10

IMPROVED TIME IN RANGE WITH CONNECTED INSULIN PEN

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

. Peyrot M, Barnett AH, Meneghini LF, et al.: Insulin ad-

herence behaviours and barriers in the multinational Global
Attitudes of Patients and Physicians in Insulin Therapy
study. Diabet Med 2012;29:682-689.

. Cramer JA: A systematic review of adherence with medi-

cations for diabetes. Diabetes Care 2004;27:1218-1224.

. Munshi MN, Slyne C, Greenberg JM, et al.: Nonadherence

to insulin therapy detected by bluetooth-enabled pen cap is
associated with poor glycemic control. Diabetes Care 2019;
42:1129-1131.

. Schaper NC, Nikolajsen A, Sandberg A, et al.: Timing of

insulin injections, adherence, and glycemic control in a
multinational sample of people with type 2 diabetes: a
cross-sectional analysis. Djgbetes Ther 2017;8:1319-1329.

. Randlov J, Poulsen JU: How much do forgotten insulin

injections matter to hemoglobin alc in people with diabe-

tes? A simulation study. [Rigbotes SciTechngl 2008;2:
229-235.

. Munshi MN, Segal AR, Suhl E, et al.: Assessment of bar-

riers to improve diabetes management in older adults: a
randomized controlled study. Diabetes Care 2013;36:543—
549.

. Hood KK, Peterson CM, Rohan JM, et al.: Association

between adherence and glycemic control in pediatric type 1
diabetes: a meta-analysis. Pediatrics 2009;124:e1171—
el179.

Spaans E, van Hateren KJJ, Groenier KH, et al.: Mealtime
insulin bolus adherence and glycemic control in adoles-
cents on insulin pump therapy. Eur J Pediatr 2018;177:
1831-1836.

Andrade CS, Ribeiro GS, Santos C, et al.: Factors associ-
ated with high levels of glycated haemoglobin in patients
with type 1 diabetes: a multicentre study in Brazil. BMJ
Open 2017;7:¢018094.

Olinder AL, Kernell A, Smide B: Missed bolus doses:
devastating for metabolic control in CSII-treated adoles-
cents with type 1 diabetes. Pgdiatr Diabetes 2009;10:142—
148.

Nathan DM, Genuth S, Lachin J, et al.: The effect of in-
tensive treatment of diabetes on the development and pro-
gression of long-term complications in insulin-dependent
diabetes mellitus. N _Engl J Med 1993;329:977-986.
Nathan DM, Cleary PA, Backlund JY, et al.: Intensive di-
abetes treatment and cardiovascular disease in patients with
type 1 diabetes. N_Engl J Med 2005;353:2643-2653.
Miller KM, Foster NC, Beck RW, et al.: Current state of
type 1 diabetes treatment in the U.S.: updated data from the
T1D Exchange clinic registry. Diabetes Care 2015;38:971—
978.

Welsh JB: Role of continuous glucose monitoring in
insulin-requiring patients with diabetes. Rigbetes Technol
Ther 2018;20(Suppl 2):S242-S249.

Slattery D, Choudhary P: Clinical use of continuous glu-
cose monitoring in adults with type 1 diabetes. Diabetes
Technol Ther 2017;19(Suppl 2):S55-S61.

Bergenstal RM, Ahmann AJ, Bailey T, et al.. Re-
commendations for standardizing glucose reporting and
analysis to optimize clinical decision making in diabetes:
the Ambulatory Glucose Profile (AGP). Riabetes Technol
Ther 2013;15:198-211.

Lind M, Polonsky W, Hirsch IB, et al.: Continuous glucose
monitoring vs conventional therapy for glycemic control in
adults with type 1 diabetes treated with multiple daily in-

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

717

sulin injections: the GOLD randomized clinical trial.
JAMA 2017;317:379-387.

Battelino T, Conget I, Olsen B, et al.: The use and efficacy
of continuous glucose monitoring in type 1 diabetes treated
with insulin pump therapy: a randomised controlled trial.
Diabetologia 2012;55:3155-3162.

Heinemann L, Freckmann G, Ehrmann D, et al.: Real-time
continuous glucose monitoring in adults with type 1 dia-
betes and impaired hypoglycaemia awareness or severe
hypoglycaemia treated with multiple daily insulin injec-
tions (HypoDE): a multicentre, randomised controlled trial.
Lancet 2018;391:1367-1377.

Danne T, Nimri R, Battelino T, et al.: International con-
sensus on use of continuous glucose monitoring. Diabetes
Care 2017;40:1631-1640.

Harvey RA, Dassau E, Zisser H, et al.: Design of the glu-
cose rate increase detector: a meal detection module for the
health monitoring system. LRighatesSeidechngl 2014;8:
307-320.

Bailey TS, Stone JY: A novel pen-based Bluetooth-enabled
insulin delivery system with insulin dose tracking and ad-
vice. ExpertQnin Doig Deliy 72017;14:697-703.

Heisler M, Bouknight RR, Hayward RA, et al.: The relative
importance of physician communication, participatory de-
cision making, and patient understanding in diabetes self-
management. LGen Intern Med 2002;17:243-252.

Ritholz MD, Beverly EA, Brooks KM, et al.: Barriers and
facilitators to self-care communication during medical ap-
pointments in the United States for adults with type 2 di-
abetes. Chronic Illn 2014;10:303-313.

Battelino T, Danne T, Bergenstal RM, et al.: Clinical tar-
gets for continuous glucose monitoring data interpretation:
recommendations from the international consensus on time
in range. Diabetes Care 2019;42:1593-1603.

Vigersky RA, McMahon C: The relationship of hemoglo-
bin A1C to time-in-range in patients with diabetes. Dia-
betes Technol Ther 2019;21:81-85.

Beck RW, Bergenstal RM, Cheng P, et al.: The relation-
ships between time in range, hyperglycemia metrics, and
HbAlc. LRiabates SaiTechngl 2019;13:614-626.
Pfutzner A, Weissmann J, Mougiakakou S, et al.: Glycemic
variability is associated with frequency of blood glucose
testing and bolus: post hoc analysis results from the ProAct
study. RighatesTechngl Ther 2015;17:392-397.

Ceriello A, Esposito K, Piconi L, et al.: Oscillating glucose
is more deleterious to endothelial function and oxidative
stress than mean glucose in normal and type 2 diabetic
patients. Diabetes 2008;57:1349-1354.

Esposito K, Nappo F, Marfella R, et al.: Inflammatory
cytokine concentrations are acutely increased by hyper-
glycemia in humans: role of oxidative stress. Circulation
2002;106:2067-2072.

Hirakawa Y, Arima H, Zoungas S, et al.: Impact of visit-to-
visit glycemic variability on the risks of macrovascular and
microvascular events and all-cause mortality in type 2 di-
abetes: the ADVANCE trial. Diabetes Care 2014;37:2359—
2365.

Ceriello A, Kilpatrick ES: Glycemic variability: both sides
of the story. Digbetes Care 2013;36(Suppl 2):S272-S275.
Sartore G, Chilelli NC, Burlina S, et al.: The importance of
HbAlc and glucose variability in patients with type 1 and
type 2 diabetes: outcome of continuous glucose monitoring
(CGM). Acta Diabetol 2012;49(Suppl 1):S153-S160.



https://www.liebertpub.com/action/showLinks?pmid=19175898&crossref=10.1111%2Fj.1399-5448.2008.00462.x&citationId=p_21
https://www.liebertpub.com/action/showLinks?pmid=29162583&crossref=10.2337%2Fdc17-1600&citationId=p_31
https://www.liebertpub.com/action/showLinks?pmid=30636519&crossref=10.1177%2F1932296818822496&citationId=p_38
https://www.liebertpub.com/action/showLinks?pmid=28118454&crossref=10.1001%2Fjama.2016.19976&citationId=p_28
https://www.liebertpub.com/action/showLinks?pmid=19884476&crossref=10.1542%2Fpeds.2009-0207&citationId=p_18
https://www.liebertpub.com/action/showLinks?pmid=23882058&crossref=10.2337%2FdcS13-2030&citationId=p_43
https://www.liebertpub.com/action/showLinks?pmid=28359171&crossref=10.1080%2F17425247.2017.1313831&citationId=p_33
https://www.liebertpub.com/action/showLinks?pmid=16371630&crossref=10.1056%2FNEJMoa052187&citationId=p_23
https://www.liebertpub.com/action/showLinks?pmid=15111553&crossref=10.2337%2Fdiacare.27.5.1218&citationId=p_13
https://www.liebertpub.com/action/showLinks?pmid=24567195&crossref=10.1177%2F1742395314525647&citationId=p_35
https://www.liebertpub.com/action/showLinks?system=10.1089%2Fdia.2018.0100&citationId=p_25
https://www.liebertpub.com/action/showLinks?pmid=29063510&crossref=10.1007%2Fs13300-017-0317-9&citationId=p_15
https://www.liebertpub.com/action/showLinks?system=10.1089%2Fdia.2018.0100&citationId=p_25
https://www.liebertpub.com/action/showLinks?pmid=18299315&crossref=10.2337%2Fdb08-0063&citationId=p_40
https://www.liebertpub.com/action/showLinks?pmid=29459019&crossref=10.1016%2FS0140-6736%2818%2930297-6&citationId=p_30
https://www.liebertpub.com/action/showLinks?pmid=29247092&crossref=10.1136%2Fbmjopen-2017-018094&citationId=p_20
https://www.liebertpub.com/action/showLinks?pmid=29247092&crossref=10.1136%2Fbmjopen-2017-018094&citationId=p_20
https://www.liebertpub.com/action/showLinks?system=10.1089%2Fdia.2018.0310&citationId=p_37
https://www.liebertpub.com/action/showLinks?system=10.1089%2Fdia.2018.0310&citationId=p_37
https://www.liebertpub.com/action/showLinks?system=10.1089%2Fdia.2013.0051&citationId=p_27
https://www.liebertpub.com/action/showLinks?system=10.1089%2Fdia.2013.0051&citationId=p_27
https://www.liebertpub.com/action/showLinks?pmid=23193208&crossref=10.2337%2Fdc12-1303&citationId=p_17
https://www.liebertpub.com/action/showLinks?pmid=24812434&crossref=10.2337%2Fdc14-0199&citationId=p_42
https://www.liebertpub.com/action/showLinks?pmid=24876583&crossref=10.1177%2F1932296814523881&citationId=p_32
https://www.liebertpub.com/action/showLinks?pmid=8366922&crossref=10.1056%2FNEJM199309303291401&citationId=p_22
https://www.liebertpub.com/action/showLinks?pmid=22313123&crossref=10.1111%2Fj.1464-5491.2012.03605.x&citationId=p_12
https://www.liebertpub.com/action/showLinks?system=10.1089%2Fdia.2014.0278&citationId=p_39
https://www.liebertpub.com/action/showLinks?pmid=22965294&crossref=10.1007%2Fs00125-012-2708-9&citationId=p_29
https://www.liebertpub.com/action/showLinks?pmid=30238153&crossref=10.1007%2Fs00431-018-3256-1&citationId=p_19
https://www.liebertpub.com/action/showLinks?pmid=22466072&crossref=10.1007%2Fs00592-012-0391-4&citationId=p_44
https://www.liebertpub.com/action/showLinks?pmid=11972720&crossref=10.1046%2Fj.1525-1497.2002.10905.x&citationId=p_34
https://www.liebertpub.com/action/showLinks?pmid=25998289&crossref=10.2337%2Fdc15-0078&citationId=p_24
https://www.liebertpub.com/action/showLinks?pmid=30862650&crossref=10.2337%2Fdc18-1631&citationId=p_14
https://www.liebertpub.com/action/showLinks?pmid=31177185&crossref=10.2337%2Fdci19-0028&citationId=p_36
https://www.liebertpub.com/action/showLinks?system=10.1089%2Fdia.2017.0051&citationId=p_26
https://www.liebertpub.com/action/showLinks?pmid=19885347&crossref=10.1177%2F193229680800200209&citationId=p_16
https://www.liebertpub.com/action/showLinks?system=10.1089%2Fdia.2017.0051&citationId=p_26
https://www.liebertpub.com/action/showLinks?pmid=12379575&crossref=10.1161%2F01.CIR.0000034509.14906.AE&citationId=p_41
https://www.liebertpub.com/action/showLinks?pmid=29162583&crossref=10.2337%2Fdc17-1600&citationId=p_31

718

36.

37.

38.

39.

40.

41.

Dandona P: Minimizing glycemic fluctuations in patients
with type 2 diabetes: approaches and importance. Diabetes
Technol Ther 2017;19:498-506.

Runge AS, Kennedy L, Brown AS, et al.: Does time-in-
range matter? Perspectives from people with diabetes on
the success of current therapies and the drivers of improved
outcomes. Clin Diabetes 2018;36:112-119.

Doggrell SA, Chan V: Adherence to insulin treatment in
diabetes: can it be improved? J Diabetes 2015;7:315-321.
Burdick J, Chase HP, Slover RH, et al.: Missed insulin
meal boluses and elevated hemoglobin Alc levels in chil-
dren receiving insulin pump therapy. Pediatrics 2004;
113(Pt 1):e221-e224.

Norlander LM, Anderson SA, Levy CJ, et al.: Late and
missed meal boluses with multiple daily insulin injections.
Diabetes 2018;68(Suppl 1):A259.

Kavanos P, Van den Aardweg S, Schurer W: Diabetes
expenditure, burden of disease and management in 5 EU

42.

ADOLFSSON ET AL.

countries. www.lse.ac.uk/business-and-consultancy/consulting/
assets/documents/diabetes-expenditure-burden-of-disease-
and-management-in-5-eu-countries.pdf (accessed December
2020).

Harrison XA, Donaldson L, Correa-Cano ME, et al.: A
brief introduction to mixed effects modelling and multi-
model inference in ecology. PeerJ 2018;6:e4794.

Address correspondence to:

Peter Adolfsson, MD, PhD
Department of Pediatrics

The Hospital of Halland, Kungsbacka
Tolovigen 5

Kungsbacka 43480

Sweden

E-mail: peter.adolfsson @regionhalland.se


http://www.lse.ac.uk/business-and-consultancy/consulting/assets/documents/diabetes-expenditure-burden-of-disease-and-management-in-5-eu-countries.pdf
http://www.lse.ac.uk/business-and-consultancy/consulting/assets/documents/diabetes-expenditure-burden-of-disease-and-management-in-5-eu-countries.pdf
http://www.lse.ac.uk/business-and-consultancy/consulting/assets/documents/diabetes-expenditure-burden-of-disease-and-management-in-5-eu-countries.pdf
https://www.liebertpub.com/action/showLinks?pmid=14993580&crossref=10.1542%2Fpeds.113.3.e221&citationId=p_48
https://www.liebertpub.com/action/showLinks?system=10.1089%2Fdia.2016.0372&citationId=p_45
https://www.liebertpub.com/action/showLinks?system=10.1089%2Fdia.2016.0372&citationId=p_45
https://www.liebertpub.com/action/showLinks?pmid=25195971&crossref=10.1111%2F1753-0407.12212&citationId=p_47
https://www.liebertpub.com/action/showLinks?pmid=29686449&crossref=10.2337%2Fcd17-0094&citationId=p_46
https://www.liebertpub.com/action/showLinks?pmid=29844961&crossref=10.7717%2Fpeerj.4794&citationId=p_51

This article has been cited by:

1.

10.

11.

12.

13.

14.
15.

Rayhan A. Lal, Lalantha Leelarathna. 2021. Insulin Delivery Hardware: Pumps and Pens. Diabetes Technology & Therapeutics
23:S2, S-32-S-45. [Citation] [Full Text] [PDF] [PDF Plus]

. Aideen Daly, Roman Hovorka. 2021. Technology in the management of type 2 diabetes: Present status and future prospects.

Diabetes, Obesity and Metabolism 36. . [Crossref]

. Nirali A. Shah, Carol J. Levy. 2021. Emerging technologies for the management of type 2 diabetes mellitus. Journal of Diabetes

20. . [Crossref]

. Oliver Schubert-Olesen. 2021. Informationstechnologie/Digitalisierung in den Diabetespraxen. Der Diabetologe 17:3, 247-253.

[Crossref]

. Devin Steenkamp, Elizabeth L Eby, Nany Gulati, Birong Liao. 2021. Adherence and Persistence to Insulin Therapy in People with

Diabetes: Impact of Connected Insulin Pen Delivery Ecosystem. Journal of Diabetes Science and Technology 7, 193229682199792.
[Crossref]

. Felix Aberer, Daniel A. Hochfellner, Julia K. Mader. 2021. Application of Telemedicine in Diabetes Care: The Time is Now.

Diabetes Therapy 12:3, 629-639. [Crossref]

. Johan Jendle, Asa Ericsson, Jens Gundgaard, Jonas Bech Moller, William J. Valentine, Barnaby Hunt. 2021. Smart Insulin Pens are

Associated with Improved Clinical Outcomes at Lower Cost Versus Standard-of-Care Treatment of Type 1 Diabetes in Sweden:
A Cost-Effectiveness Analysis. Diabetes Therapy 12:1, 373-388. [Crossref]

. David C. Klonoff, Jennifer Y. Zhang, Trisha Shang, Chhavi Mehta, David Kerr. 2021. Pharmacoadherence: An Opportunity for

Digital Health to Inform the Third Dimension of Pharmacotherapy for Diabetes. Journal of Diabetes Science and Technology 15:1,
177-183. [Crossref]

. Ramin Rafiei, Chelsea Williams, Jeannette Jiang, Timothy Dy Aungst, Matthias Durrer, Dao Tran, Ralph Howald. 2021. Digital

Health Integration Assessment and Maturity of the United States Biopharmaceutical Industry: Forces Driving the Next Generation
of Connected Autoinjectable Devices. JMIR mHealth and uHealth 9:3, €25406. [Crossref]

Claudia Eberle, Stefanie Stichling, Maxine Lohnert. 2021. Diabetology 4.0: Scoping Review of Novel Insights and Possibilities
Offered by Digitalization. Journal of Medical Internet Research 23:3, ¢23475. [Crossref]

Bruce Bode, Aaron King, David Russell-Jones, Liana K. Billings. 2021. Leveraging advances in diabetes technologies in primary
care: a narrative review. Annals of Medicine 53:1, 805-816. [Crossref]

Sarah L. Sy, Medha M. Munshi, Elena Toschi. 2020. Can Smart Pens Help Improve Diabetes Management?. Journal of Diabetes
Science and Technology 193229682096560. [Crossref]

Michael C. Riddell, Sam N. Scott, Paul A. Fournier, Sheri R. Colberg, Ian W. Gallen, Othmar Moser, Christoph Stettler, Jane E.
Yardley, Dessi P. Zaharieva, Peter Adolfsson, Richard M. Bracken. 2020. The competitive athlete with type 1 diabetes. Diabetologia
63:8, 1475-1490. [Crossref]

Klemen Dove, Tadej Battelino. 2020. New technical approach to the diabetes therapy. Minerva Pediatrica 72:4. . [Crossref]

Satish K. Garg, David Rodbard, Irl B. Hirsch, Gregory P. Forlenza. 2020. Managing New-Onset Type 1 Diabetes During the
COVID-19 Pandemic: Challenges and Opportunities. Diabetes Technology & Therapeutics 22:6, 431-439. [Abstract] [Full Text]
[PDF] [PDF Plus]


https://doi.org/10.1089/dia.2021.2503
https://www.liebertpub.com/doi/full/10.1089/dia.2021.2503
https://www.liebertpub.com/doi/pdf/10.1089/dia.2021.2503
https://www.liebertpub.com/doi/pdfplus/10.1089/dia.2021.2503
https://doi.org/10.1111/dom.14418
https://doi.org/10.1111/1753-0407.13188
https://doi.org/10.1007/s11428-021-00717-z
https://doi.org/10.1177/1932296821997923
https://doi.org/10.1007/s13300-020-00996-7
https://doi.org/10.1007/s13300-020-00980-1
https://doi.org/10.1177/1932296820973185
https://doi.org/10.2196/25406
https://doi.org/10.2196/23475
https://doi.org/10.1080/07853890.2021.1931427
https://doi.org/10.1177/1932296820965600
https://doi.org/10.1007/s00125-020-05183-8
https://doi.org/10.23736/S0026-4946.20.05865-X
https://doi.org/10.1089/dia.2020.0161
https://www.liebertpub.com/doi/full/10.1089/dia.2020.0161
https://www.liebertpub.com/doi/pdf/10.1089/dia.2020.0161
https://www.liebertpub.com/doi/pdfplus/10.1089/dia.2020.0161

