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OBJECTIVE

To assess the efficacy of the insulin pen cap Insulclock on improving glycemic control,
treatment adherence, and user satisfaction in people with type 1 diabetes.

RESEARCH DESIGN AND METHODS

This multicenter, open-label, randomized controlled trial comprised a 4-week run-in
phase and a 6-week double-arm phase in which participants were randomly as-
signed into an active or masked mode.

RESULTS

Fifty-five participants were evaluable (active group, n = 26, masked group, n = 29).
The increase in time in range was higher in the active versus masked group (5.2%
vs.20.8%; P = 0.016). The active group showed a higher reduction in mean glucose,
glucose management indicator, time above range, and high blood glucose index. On-
time insulin doses increased in the active group and decreased in the masked group.

CONCLUSIONS

Insulclock system use was associated with improved glycemic control, glycemic vari-
ability, hyperglycemia risk, and treatment adherence in people with uncontrolled
type 1 diabetes.

Insulclock is a small insulin pen cap that records the dose, time, duration, and tem-
perature of insulin injections (1). The Insulclock system obtains continuous glucose
monitoring (CGM) and glucometer data and integrates this information with insulin
injection information in its application (app). The aim of this study was to assess the
efficacy of this digital system on improving glycemic control, treatment adherence,
and quality of life in patients with type 1 diabetes.

RESEARCH DESIGN AND METHODS

Design
This multicenter, open-label, randomized controlled trial was conducted at four Span-

ish centers. The study was approved by the ethics review committees of the recruiting
hospitals. The study followed the ethical principles of the Declaration of Helsinki. Each
participant provided written informed consent before inclusion in the study.

The study comprised a 4-week run-in phase and a 6-week double-arm phase sched-
uled over seven visits. In the run-in phase, participants were trained on using the
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device and app in a masked mode. In the
double-arm phase, participants in the ac-
tive group had access to all the Insulclock
system functionalities, such as insulin re-
minders and CGM, with insulin dose infor-
mation integrated in the app. All patients
were using the FreeStyle Libre 2 CGM
(FGM) as usual diabetes care and contin-
ued using it during the study with all its
functionalities, including alarms.

Population
We included participants aged 14–80 years
with uncontrolled type 1 diabetes (HbA1c
$6.5% and/or HbA1c variations $1%
within the previous 2 years) and regu-
larly attending ($2 per year) follow-up
visits at the endocrinology department.
Exclusion criteria were pregnancy or lac-
tation, history or current alcohol or drug
abuse, dementia diagnosis, acute infec-
tion, inability to give informed consent
or to use study devices, or any medical
condition that could interfere with the
study’s procedures.

Outcomes
The study compared differences be-
tween the active and masked groups
during the double-arm phase in glyce-
mic control and variability by assessing
the following variables: time in range
(TIR) 70–180 mg/dL (3.9–10.0 mmol/L)
(2) (primary objective), glucose man-
agement indicator (GMI), time above
range (TAR), time below range, mean
amplitude of glycemic excursions, SD,
coefficient of variation, high blood
glucose index (HGBI), and low blood
glucose index.
The glucose rate increase detector al-

gorithm was used to automatically de-
tect meal glucose excursions through
the rate of change of glucose from FGM
data (3). An on-time insulin injection
was considered when a bolus insulin
injection was detected within 45 min
before the glycemic meal excursion.
Meal-time insulin doses not detected by
the glucose rate of change methodology
were categorized as on time. A bolus was
deemed mistimed when the insulin injec-
tion occurred within 60 min after the
meal glycemic excursion start. A bolus was
considered missed when the meal excur-
sion was not associated with an insulin
injection 45 min before to 60 min after
the FGM rise.

Statistical Analyses
Statistical analyses were performed us-
ing SPSS version 17.0 software (IBM Cor-
poration, Chicago, IL). The magnitude of
group differences was calculated with
Cohen d, with an effect size >0.2 consid-
ered small, $0.50 to <0.80 moderate,
and$0.80 large. Based on our pilot study
(4) and assuming a 30% dropout rate, 75
individuals were required to obtain data
from 51 participants (26 per arm) with a
5% type I (a) error.

RESULTS

Seventy-five participants were randomly
assigned, and data from 55 were evalu-
able (active group, n = 26; masked group,
n = 29; mean age 40.9 years) (Supple-
mentary Table 1). None of the variables
assessed showed differences between
groups at baseline or randomization.
However, a different dropout rate in both
groups during the double-arm phase af-
fected the glycemic profile of the final
evaluable participants. Patients who com-
pleted the study in the active group
(evaluable participants) had worse glyce-
mic control at randomization but a more
significant improvement during the dou-
ble-arm phase than those in the masked
group. Reasons for discontinuation in
these 20 participants are described in
Supplementary Fig. 1.

Glycemic Control
The TIR increased by 5.2% in the active
group and decreased by 0.8% in the
masked group (6%, P = 0.016, Cohen
d = 0.67) (Fig. 1). Mean glucose levels
decreased in the active group and re-
mained stable in the masked group
(�8.7 mg/dL, P = 0.024, Cohen d = �0.63).
Differences between groups in GMI were
significant (�0.31%, P = 0.024, Cohen
d = �0.63). The TAR decreased by 5.5%
in the active group and increased by
0.13% in the masked group (�5.6%,
P = 0.018, Cohen d = �0.66). A signifi-
cantly higher decrease in HBGI was ob-
served in the active group compared with
the masked group (�1.4, P = 0.029, Co-
hen d = �0.61) (Fig. 1 and Supplementary
Figs. 2–3). Participants in both groups
showed comparable data describing FGM
use (active time and FGM readings) both
in the run-in and double-arm phases.

Adherence
The total number of insulin injections and
insulin doses taken on time per month

increased in the active group (13.9% and
13.5%, respectively) and decreased in the
masked group (�8.3% [P = 0.029, Cohen
d = 0.66] and �10.0% [P = 0.046, Cohen
d = 0.60], respectively). An increase in mis-
timed insulin doses per month was ob-
served in the active group versus a similar
number in the masked group (P = 0.017,
Cohen d = 0.73) (Fig. 1).

Quality of Life
Participants in the active group stated
that the Insulclock system reduced their
treatment burden. Seven Insulin Treat-
ment Satisfaction Questionnaire items
worsened in the masked group and
two in the active group (Supplementary
Fig. 4).

CONCLUSIONS

The 6% increase in TIR found in our study
is similar to the 8% shown in our pilot
study (4). An observational study with the
connected insulin pen NovoPen 6 showed
an 8% improvement in TIR (5). Interest-
ingly, the 6% TIR increase associated with
a 0.3% GMI decrease found in our study is
considered clinically relevant (6).

Active Insulclock was associated with
improvements in the glycemic variability
glucose metrics TIR, TAR, and HBGI and
numerical reductions in SD and mean
amplitude of glycemic excursions. These
findings may indicate that Insulclock
mainly contributes to avoiding hypergly-
cemic excursions because it improves in-
sulin injection adherence, which directly
reflects on postprandial control.

Using the functionalities of Insulclock
resulted in a 13.9% increase in the total
number of insulin injections in the active
group mainly due to an improvement in
the doses taken on time (13.5%). The in-
creased number of mistimed doses in this
group probably reflects a rescue of other-
wise lost injections.

Insulin Treatment Satisfaction Ques-
tionnaire items related to hypoglycemia
control were the most considerably im-
proved, as observed in the pilot study (4).
Notably, the improvement in treatment
burden perception indicates that although
using the device is an additional task for
participants, they felt it eased their daily
life.

There was a considerable dropout rate.
A high study dropout rate is frequent in
people with uncontrolled type 1 diabetes
and in studies assessing technology re-
search. Despite that variables showed
similar values between groups before
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randomization, the final evaluable par-
ticipants had worse glycemic control in
those completing the double-arm phase
in the active group. They probably appre-
ciated more the balance task/benefits of
using the device. Therefore, the study’s
main limitations are the reduced sample
size and follow-up period and the consid-
erable dropout rate.

In conclusion, this randomized con-
trolled trial is the first multicenter study
to report a significant improvement in
glycemic control and adherence in peo-
ple with type 1 diabetes using an insulin
pen cap and app. These encouraging

results should be confirmed by further
research.
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Figure 1—Effect of Insulclock on glycemic control and treatment adherence. A–D: Graphs show
the mean change from baseline to randomization (green) and from randomization to final double-
arm phase (red) in the final evaluable participants. E: Bar graphs show the number of insulin injec-
tions taken per month, including total injections, on-time injections, mistimed injections, and
missed injections. Dif, differences between the active and masked groups in change during the
double-arm phase.
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