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Abstract

Digital health management is increasingly pivotal in the care of patients with diabetes. The aim of this review was to evaluate
the clinical benefits of using smart insulin pens with connectivity for diabetes management. The search was performed
using PubMed and PubMed Central on May 15, 2019, to identify publications investigating the use of insulin pens. Studies
evaluating insulin pens with connectivity via Bluetooth/Near Field Communication, with an associated electronic device
enabling connectivity, or with a memory function were included in the review. Nine studies were identified in the search.
Overall, these studies lacked data on smart insulin pens with a connectivity function, with eight of the available studies
investigating only pens with a memory function. The studies focused primarily on assessing patient preference, usability,
and technical accuracy. The number of studies assessing clinical outcomes was small (n=3). However, the majority of
studies (n=8) reported that patients preferred smart insulin pens because they increased confidence with regard to diabetes
self-management. These results suggest a lack of published data regarding smart insulin pens with connectivity for the
management of diabetes. However, the available published data on usability and patient preference suggest that the use of
smart insulin pens holds promise for improving and simplifying diabetes self-management.
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dosing accuracy and consistency compared with syringes.’
The improvements conferred by insulin pens over syringes
may be improved further with the use of motor-driven smart

Introduction

Digital health management plays an increasing role in the

care of individuals with diabetes at all stages of the disease
journey and has the potential to simplify the complex process
of diabetes self-management.! Among the established tools
and devices in diabetes management, smart insulin pens have
the potential to fulfill some of the unmet needs of people
with diabetes through the accurate administration of bolus
doses, the simplification of documentation relating to diabe-
tes therapy, and the improvement of communication and the
quality of advice given to patients.

Multiple technological innovations, including continuous
glucose monitoring (CGM) and insulin pumps, have sought
to ease the burden of diabetes self-management and improve
patient outcomes.”* A major step forward in the simplifica-
tion of insulin delivery was the development of insulin
pens,>® such that, by 2018, the majority of individuals requir-
ing insulin in Germany were using pens for injection.” Insulin
pens first became available in 1985% and eliminated the need
to draw up insulin from a vial, improving the convenience of
administration for users.® Both disposable and reusable insu-
lin pens are available. Insulin pens have shown improved

pens, with potential benefits including improved adherence,
memory support, and reduced costs.'%!!

A pen with a memory function was first marketed in
2007.'2 In 2014, the first “enhanced” insulin pen cap became
available in the United States,!> the use of which could
inform the user of a regular disposable insulin pen how much
time had passed since their last injection. The US Food and
Drug Administration (FDA) approved the first reusable
smart insulin pen in 2017.'* Different kinds of smart insulin
pens and associated devices, such as smart pen caps, '’ are on
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the market, and smart insulin pens with connectivity are
defined as those with built-in interface technology (Bluetooth
or Near-Field Communication [NFC]). Bluetooth connectiv-
ity enables automatic and immediate transmission of data
from the pen to a corresponding medical smartphone appli-
cation (app), currently via Bluetooth Low Energy (BLE).
BLE and NFC connectivity enable the patient or healthcare
center to “scan” insulin data manually into digital storage or
a logbook so the stored data can then be analyzed and shared
with either healthcare providers or caregivers. Smart pen
caps function as add-on modules to insulin pens and enable
similar connectivity. The original pen cap is overlaid or
replaced with a pen cap that counts the number of “clicks.”
This enables the number of insulin doses to be displayed on
the pen cap and this information to be transmitted via
Bluetooth or NFC.

Recent diabetes guidelines acknowledge the role of real-
time monitoring technologies and telemedicine in improving
patient health,'® highlighting the need for an evidence-based
evaluation of the functionality of smart insulin pens with
connectivity. Such an evaluation will assist in the placement
of these devices in the management of diabetes and encour-
age further research of these devices in areas where evidence
is missing or limited.

The aim of this review was to elucidate the potential clini-
cal benefits of using smart insulin pens with connectivity in
diabetes management through an examination of published
peer-reviewed literature. Currently, a common, globally con-
firmed definition or name for insulin pens with connectivity
is lacking. To establish a common term for such insulin pens,
the term “smart insulin pens with connectivity” is used
throughout this review.

Methods

Data Sources and Literature Search

Two independent researchers (Masem Research Institute
GmbH) performed a literature search using PubMed and
PubMed Central on May 15, 2019. The search focused on
publications from 2006 in English or German. Keyword
search terms and details of the hand search performed can be
found in the supplementary materials.

Study Selection and Quality Assessment

The studies selected for inclusion were those including
people with type 1 or type 2 diabetes mellitus receiving
insulin treatment using a smart insulin pen with connectiv-
ity via Bluetooth/NFC, an insulin pen with an associated
electronic device enabling connectivity, or an insulin pen
with a memory function. Only publications in peer-
reviewed journals were considered. Exclusion criteria were
studies primarily investigating non-connected pens, pen
needles, other insulin delivery devices (eg, pumps), CGM

systems, apps, or insulin. Reviews or expert comments
were excluded. Further details on the review process and
quality assessment can be found in the supplementary
material.

Data Extraction

Data from the publications identified were extracted into an
Excel spreadsheet. Types of data collected are summarized in
the supplementary material.

Results

The literature search identified 286 publications overall
(Figure 1). Successive rounds of screening identified only
one article on the use of a smart pen with connectivity; this
study investigated an electronic device that connected to the
insulin pens and provided connectivity capabilities (ie, an
insulin pen cap).!®> Nine studies meeting the inclusion crite-
rion of investigating an insulin pen with a memory function
were also identified.!”>> Two publications presented data
from the same study?>%’; the duplicate®® was discarded, leav-
ing nine studies for the qualitative analysis (Table 1).

Quality of Evidence Supporting Digital Diabetes
Management

Overall, the quality of published evidence for digital diabetes
management using smart insulin pens was low with a wide
heterogeneity in study design and quality. Only five of the
identified studies used a control group.'#20212324 Eight of the
nine studies used face-to-face interviews and/or question-
naires to gather data,'’-?"3-2> and some had a limited sample
size (n=9-79; Table 1).!>1824

In addition, the few studies meeting the inclusion criteria
were generally older, published between 2006 and 2016,
with only one study published in the year the literature search
was conducted!® (Table 1).

Qualitative Overview of Included Studies

Six studies investigated patient preferences regarding smart
versus non-smart insulin pens or smart insulin pens versus
insulin delivery methods used prior to the study base-
ling,!”1821.23-25 and five of these studies also investigated
smart insulin pen usability (eg, ease of use, ease of handling,
convenience).! 718212324 One non-comparative observational
study investigated the safety of a smart insulin pen.!” One
study investigated the performance of a smart pen cap
enabling connectivity.”> Two studies assessed patient or
healthcare provider acceptance of a smart insulin pen versus
a non-smart alternative.’>? One study investigated patient
attitudes about diabetes treatment, data recording, and use of
mobile apps.!® Only three studies assessed clinical endpoints,
such as glycemic control and hypoglycemia,'?*% with the
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Screening
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» Screening
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E
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=
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Figure |. Study identification.

change in glycosylated hemoglobin (HbAlc) from baseline
being the primary outcome in one of these studies.?’ Other
primary endpoints stated were injection time, patient/health-
care provider preference, and pen functionality. The duration
of the studies, where stated, ranged from 45minutes to
18 weeks (Table 1). Two studies included participants aged
<18years.'74

Overall, most studies investigating patient preference
reported that the smart insulin pen (primarily involving a
memory function) was preferred over the alternative
(Table 2).17:21:23-25 Only one study did not report a prefer-
ence for the insulin pen that included a memory function;
this study did not analyze the digital features of the pen—
the primary endpoint being injection time of a specific
dose with and without instruction—therefore, definitive
smart pen-related conclusions could not be drawn.!® The

two comparative studies that investigated glycemic con-
trol with pens with a memory function found no impact of
smart pen use on glycemic control compared with a con-
ventional insulin device, and, in both studies, the inci-
dence of hypoglycemic events did not differ between
insulin treatment groups.??* The non-comparative study
in children and adolescents with type 1 diabetes found a
very small numerical increase in mean, but not median,
HbA1c levels and decreases in the incidence of hypogly-
cemia over the study period with the use of a smart pen.'’

Discussion

The literature search identified only a small number of stud-
ies that met the inclusion criteria. The studies presented were
heterogeneous with respect to study design and study quality.
Only one identified study was published in 2019, the year of
the literature search, and only this study investigated a device
with actual connectivity capabilities. The data from these tri-
als were generally of low quality, with some including only a
limited number of patients and many lacking a control group.
This demonstrates a significant lack of evidence, especially
from high-quality studies investigating the current genera-
tion of smart insulin pens with connectivity.

To date, the literature on smart insulin pens primarily
focuses on assessing patient preference, usability, and tech-
nical accuracy. The majority of studies identified in the lit-
erature search concluded that the smart pens investigated
were the preferred choice for people with diabetes. !>:17:19-21:23-25
Many studies also noted increased confidence in not missing
injections and managing daily injections when using smart
devices,'8212324 a5 well as increases in adherence/decreases
in missed doses,!” factors likely to lead to improved diabetes
self-management and general well-being. Children and ado-
lescents with diabetes often have difficulty with diabetes
self-management,!” and the two studies that included pediat-
ric participants reported that the use of smart pens is likely to
improve adherence in this population.'7-?

Only two comparative studies investigated HbA1c reduc-
tion in users of classic insulin pens versus smart insulin pens
with a memory function.?>?* In both studies, glycemic con-
trol was not impacted by the use of a smart pen versus the
comparator device; however, Danne and colleagues® con-
cluded that the memory function might be helpful for spe-
cific populations, such as children, adolescents, people with
impaired memory, or the elderly. Venekamp and colleagues®’
concluded that the insulin pen with a memory function had a
favorable benefit/risk profile when safety, user complaints,
and patient/healthcare professional acceptance were con-
cerned. A non-comparative study in children and adolescents
with type 1 diabetes reported a very small increase in mean,
but not median, HbAlc levels over the study period with use
of a smart pen; however, the authors noted that, because of
the short-term, observational nature of the study, these results
should be interpreted with caution.!”
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The peer-reviewed published literature on smart insulin
pens with connectivity is currently limited in number; how-
ever, non-peer-reviewed information and other research pub-
lished outside of traditional academic channels can provide
some additional insights, and this was searched to provide
additional context to the published literature search. A 2019
scientific evaluation of a reusable smart insulin pen with a
telemonitoring system found that, in people with diabetes
treated with insulin with poor glycemic control despite par-
ticipation in a disease management program, mean HbAlc
decreased by 0.9% overall and by 2% in people with type 2
diabetes.?® Despite lowering HbA1¢, there was no increased
use of insulin or higher incidence of hypoglycemia.?

The limitations of HbAlc in describing both short- and
long-term glycemic control have recently been recognized.?’
Recent studies have shown that percent time in range (TIR)
may have associations with diabetes microvascular compli-
cations similar to those of HbAlc level.?®?° A study pub-
lished in 2020 reported improved insulin adherence through
areduction in the number of missed bolus doses, better meal-
time dosing, and increased TIR in people with type 1 diabe-
tes using smart insulin pens with connectivity in a real-world
setting.’® These data suggest the use of smart insulin pens
with connectivity is likely to result in improved glycemic
control through decreased HbA 1c, enhanced TIR, absence of
an increase in the incidence of hypoglycemia, closer adher-
ence to diabetes treatment guidelines,?! and reductions in
diabetes-related  complications.?®?%32  However, these
assumptions will need to be confirmed in well-designed clin-
ical trials and via collection of real-world evidence.

In clinical reality, glucose data alone are often not suffi-
cient to safely adjust insulin doses and to change insulin pre-
scriptions. However, when used in conjunction with exact
information about the type of insulin, the injected insulin
doses, and the time of injection, more appropriate and safer
dose adjustments are possible. For the patient, smart pens
offer the possibility to see calculated “insulin on board” via
an appropriate app,** which is crucial for multiple daily ther-
apy decisions (eg, doses of correctional insulin, therapy
adjustment before and during exercise, etc.). Of note, the
data output will vary depending on the device; those that
measure the displacement of the plunger report both the
injected dose and any priming dose(s) as one dose, whereas
devices that measure lead screw rotation can differentiate
between multiple small doses, providing the opportunity to
distinguish between priming and administered dose(s), and a
more accurate measure of actual injected doses.

As seen with CGM devices and insulin pumps, the creation
of robust, reliable databases and overviews may help to facili-
tate an engaging and open patient-healthcare provider dialogue,
which has been identified as highly important for optimal dis-
ease management.>**> A recent study assessing the association
between the timing of insulin administration and pre- and post-
prandial glucose levels found that the use of a smart insulin pen
with connectivity and CGM provided data that may help
healthcare providers and patients understand how the timing of
mealtime insulin impacts glucose levels.*® Having access to

robust sources of insulin data will provide opportunities for cli-
nicians to conduct more informed discussions with insulin
users, thereby improving patient-healthcare provider commu-
nication and potentially leading to the implementation of strat-
egies to improve glycemic control through fine tuning therapy
and self-management plans and configuring the tool to match
the individual’s therapy plan and preferences. Optimization of
this type of health technology so it works as intended is crucial
to its success; thus, when initiating smart insulin pens, patient
education strategies need to be adjusted, and all trials of smart
insulin pens should report how and with what content patient
education and coaching were performed.

Taken together, the peer-reviewed published literature and
the gray literature suggest that smart pens with connectivity
have the potential to improve adherence, with lack of adherence
currently a significant problem in diabetes management. Smart
pens with connectivity also have the potential to improve dosing
accuracy and lead to more appropriate and/or safer dosage deci-
sions. Insulin doses can be missed for a number of reasons:
forgetfulness, embarrassment, dose complexity, cost, and delib-
erately missing doses for weight control.” Munshi and col-
leagues®® demonstrated that non-adherence to insulin dosing
and timing can be objectively assessed by smart insulin pens
with connectivity, and missed bolus doses were associated with
poor glycemic control. The authors suggested that use of a smart
pen with connectivity may help close the gap between patient-
reported and actual adherence.*® A smart pen with connectivity
also allows for the potential to send reminders in the case of
missed doses when paired with an appropriate mobile app.>

Despite the general lack of data in the literature on smart
insulin pens, there are some obvious scenarios where smart
insulin pens are likely to be beneficial. The overall benefits of
smart insulin pens may be particularly useful for certain sub-
populations, such as young and elderly individuals with dia-
betes, and people with additional physical conditions or
disabilities that may hinder self-management.’” Smart insulin
pens with connectivity improve communication with health-
care providers through data sharing, resulting in robust trans-
parency; thus, people for whom these devices will likely be
beneficial include those starting insulin who present with the
potential for hypoglycemia and/or excess weight gain; those
for whom hypoglycemia is a recurrent problem or in whom
there is hypoglycemia unawareness; those with frequent epi-
sodes of uncontrolled diabetes requiring unscheduled visits to
healthcare providers; those with glycemic variability that
causes psychological distress; those for whom forgetfulness
is frequent or in whom deliberate insulin omission is sus-
pected’’; those whose numeracy makes dose calculations dif-
ficult or who tend to give similar doses for very different
meals; children with type 1 diabetes; older insulin-treated
individuals living on their own; and women with gestational
diabetes requiring insulin.?**° These benefits may also extend
to caregivers of people with diabetes and healthcare workers
managing patients with diabetes in the inpatient setting.

Optimal features of a smart insulin pen with connectivity
include a low level of complexity, with automatic recording,
dose recommendations and reminders, convenience (no need
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for the patient to wear an additional device, long battery life,
automatic changes to time zones), and data integration capa-
bilities.*! Integration of dose data with other diabetes and
lifestyle data adds value and allows for the possibility of
remote patient monitoring and a more continuous, data-
driven therapy approach well suited to a chronic condition
such as diabetes. When considering possibilities around
remote monitoring of insulin dosing and blood glucose data,
the individual with diabetes using a smart pen with connec-
tivity has the added security of knowing their data are being
monitored by another person who can alert them or their
healthcare provider if any aspect of their diabetes manage-
ment needs to be improved. Remote monitoring across a
broader population also has the potential to identify specific
groups of individuals who might benefit from specific diabe-
tes management interventions.

Smart pens with connectivity require the use of an app to
collect the data sent from the pen, but standards for the
interoperability of smart diabetes devices are currently lack-
ing. Simple and reliable technical solutions are needed so that
all kinds of smart insulin devices can be easily read by medi-
cal practice software and hospital management software.
Smart devices have been tailored to other chronic conditions
such as asthma and hypertension,*>* demonstrating that
chronic disease management can adapt to new technologies.

Conclusion

This analysis has shown that the published literature on smart
insulin pens with connectivity is limited. Most papers focus on
insulin pens with a memory function rather than devices with
connectivity capabilities. The majority of the current peer-
reviewed literature on smart insulin pens focuses on patient
preferences, adherence, and usability, and robust data on the
impact of smart pens on clinical endpoints are lacking.
However, the development of new smart insulin pens with con-
nectivity is a promising approach for improving and simplify-
ing the management of type 1 or type 2 diabetes for individuals,
including children and adolescents. These devices may offer
the potential for improved satisfaction, adherence, administra-
tion, safety, and quality of care, as well as an approach that can
be individualized to the needs of the person with diabetes.
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