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ABSTRACT

Background: Those caring for children and
adolescents with diabetes often use glucose
concentration and trending information in
management decisions. Some continuous glu-
cose monitoring (CGM) systems offer real-time
sharing and monitoring capabilities through
mobile apps carried by the person with diabetes
and the caregiver(s), respectively. Few large
studies have explored real-world associations
between sharing and following, CGM utiliza-
tion, and glycemic outcomes.

Methods: We performed a retrospective evalu-
ation of device usage and glycemic control in
15,000 youth ranging in age from 2 to 18 years
by analyzing anonymized data that had been
uploaded with a mobile app that provides
optional sharing. The presence or absence of a
real-time monitor (a “Follower”) was established
on 15 June 2018. Each day with > 1 uploaded
glucose values was counted as a day of device
usage. Between-group glucose comparisons
were made with two-sided Welch's t tests.

Enhanced Digital Features To view enhanced digital
features for this article go to https://doi.org/10.6084/
m9.figshare.7604939.

J. B. Welsh (X)) - M. Derdzinski - A. S. Parker -
S. Puhr - A. Jimenez - T. Walker

Dexcom, Inc., San Diego, CA, USA

e-mail: john.welsh@dexcom.com

Results: Overall, 94.8% of the population used
the sharing feature and had at least one Fol-
lower. The mean numbers of Followers for
patients aged 2-5, 6-12, and 13-18 years were
2.8, 2.8, and 2.4, respectively. In all three age
categories, the presence of at least one Follower
was associated with lower mean glucose values,
more glucose values in the 70- to 180-mg/dL
range, correspondingly fewer glucose values
representing hypoglycemia and hyperglycemia,
and significantly more device utilization.
Conclusion: Real-time sharing and following of
CGM data are associated with improved device
utilization and glycemic parameters. The
observed association suggests either more
timely interventions or higher Ilevels of
engagement among the caregivers or the youth
with diabetes.
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INTRODUCTION

Numerous randomized controlled trials and
observational studies have established the value
of continuous glucose monitoring (CGM) for
people with insulin-requiring diabetes [1], and
the technology is endorsed in the pediatric
population for effectively lowering hemoglobin
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A1C (A1C), reaching target A1C, reducing glu-
cose variability, and increasing time in range
[2]. For parents and others involved in the care
of young children with diabetes, the ability to
remotely monitor a child’s real-time CGM data
is generally welcome, especially during regular
sleeping hours [3]. The feasibility of remote
monitoring of insulin delivery and CGM data
were subsequently confirmed in a randomized
study [4], which found reductions in nocturnal
hypoglycemia that were modest and not statis-
tically significant. A very recent randomized
crossover study of parents of children with type
1 diabetes (T1D) [5] confirmed that remote
monitoring was associated with improvements
in multiple measures of quality of life, reduced
family stress, and improved parental sleep.

Current CGM systems provide many parents
of children with diabetes the opportunity to
unobtrusively follow their child’s glucose levels
throughout the day. This technology has also
led to the rapid accumulation of glucose data in
formats that are amenable to retrospective
analysis. By examining data from users of a
smartphone-based app for CGM data visualiza-
tion who had the opportunity to share that data
in real time, we sought associations between
Followers, the extent of device utilization, and
the distribution of glucose concentrations.

METHODS

Anonymized device utilization and glucose
concentration data from a convenience sample
of 15,000 mobile app users aged 2-18 years that
were voluntarily uploaded in the first half of
2018 were analyzed. All data were from a single
CGM system (Dexcom G5 Mobile; Dexcom,
Inc., San Diego, CA, USA) and transmitted by
apps running on either the iOS (Apple, Inc.,
Cupertino, CA, USA) or the Android (Google
LLC, Mountain View, CA, USA) platform. By
default, the G5 Mobile app uploads data to the
Dexcom Share Cloud and allows users to grant
one or more remote monitors (“Followers”) with
real-time access to their data. Alerts on the
Follow app can be configured independently of
alerts on the G5 Mobile app. The presence or
absence of a Follower was established on 15

June 2018. Each day with at least one valid
glucose concentration was counted as a day of
device usage. Between-group comparisons were
made using two-sided Welch’s t tests.

Since this was a retrospective study and all
patient identifiers were removed before data
analysis was begun, it was not registered as a
trial. Data were from patients who had con-
sented to allow use of their anonymized data for
research purposes. All procedures followed were
in accordance with the ethical standards of the
institutional review board and ethics committee
on human experimentation (institutional and
national) and with the Helsinki Declaration of
1964, as revised in 2013.

RESULTS

Overall, 94.8% of the population used the Share
feature and had at least one Follower. The mean
numbers of Followers for patients aged 2-S5,
6-12, and 13-18 years were 2.8, 2.8, and 2.4,
respectively. The presence of at least one Fol-
lower was consistently associated with lower
mean glucose values, more glucose values in the
70- to 180-mg/dL range with correspondingly
fewer that were either <70 or > 180 mg/dL,
and significantly more device utilization
(Table 1). The percentages of glucose values
representing hypoglycemia of < 55 mg/dL and
hyperglycemia of > 250 mg/dL were also lower
in all three age-specific groups with one or more
Followers. By contrast, there were no apparent
trends in device utilization or the distribution
of glucose values across the three age groups.

DISCUSSION

Real-time CGM data are valuable for everyone
who takes insulin and for those involved in
their care. An early study of the nocturnal
monitoring of children in a camp setting spe-
cialized for children with diabetes [6] showed
that remote monitoring significantly improved
the rate at which hypoglycemia alarms were
responded to. A separate study of users of
Nightscout software, which enables CGM data
suggested to be monitored, suggested that
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Table 1 Utilization and glycemic outcomes for continuous glucose monitoring users without and with remote real-time

monitors (Followers)

Metric Age range (years) Zero Followers One or more Followers
N (%) 2-5 76 (7.6%) 923 (92.4%)
6-12 330 (5.0%) 6335 (95.0%)
13-18 376 (5.1%) 6960 (94.9%)
Adherence (days per week) 2-5 4.8 (1.8) 6.2 (0.7)*
6-12 47 (1.9) 62 (0.7)™
13-18 4.9 (1.6) 5.9 (0.9)*
Glucose (mg/dL) 2-5 1884 (50.8) 187.3 (36.8)
6-12 192.6 (39.3) 184.2 (30.5)*
13-18 192.6 (43.9) 186.5 (33.9)*
Glucose values < 55 mg/dL (%) 2-5 1.4% (3.2%) 1.0% (1.4%)
6-12 1.3% (3.8%) 1.0% (1.4%)
13-18 1.5% (2.6%) 1.1% (1.5%)*
Glucose values < 70 mg/dL (%) 2-5 4.1% (6.1%) 3.2% (3.7%)
6-12 3.4% (5.0%) 3.1% (3.0%)
13-18 4.0% (4.9%) 32% (3.1%)*
Glucose values 70-180 mg/dL (%) 2-5 48.5% (21.8%) 49.6% (16.6%)
6-12 46.5% (19.9%) 51.0% (14.7%)"
13-18 46.5% (20.4%) 49.8% (16.2%)*
Glucose values > 180 mg/dL (%) 2-5 47.4% (24.9%) 47.2% (18.4%)
6-12 50.1% (21.1%) 45.9% (15.9%)*
13-18 49.5% (22.0%) 47.0% (17.3%)
Glucose values > 250 mg/dL (%) 2-5 24.2% (19.1%) 21.9% (14.5%)
6-12 23.9% (16.9%) 20.0% (12.3%)**
13-18 24.5% (18.6%) 20.7% (14.0%)*

Values are presented as the mean with the standard deviation in parenthesis
*, **Significant difference between 0 and > 1 Followers at *p < 0.01; *» < 0.001

remote monitoring contributed to improved
quality of life in caregivers [7], and a more
recent crossover trial of remote monitoring [5]
found that it improved multiple measures of
quality of life, reduced family stress, and
improved parental sleep. All three studies sug-
gest that much of the popularity and sustained

use of this feature is driven by parents and
caregivers.

Ditferences in favor of those having a remote
monitor may be attributable to management
decisions made by the Follower; for example,
parents of a very young children offering car-
bohydrates in response to impending hypo-
glycemia. The incremental benefits of having
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multiple Followers were examined in an earlier
study of children aged 2-10 [8], where each
additional Follower beyond zero was associated
with higher device utilization and fewer glucose
values of < 70 mg/dL. In older children, the
shared data may form the basis of discussions
regarding self-care behaviors, whereas adoles-
cents progressing towards full autonomy may
still benefit from having at least one other per-
son with real-time access to their CGM data. For
unknown reasons, a small minority of those
with the ability to share their data had no Fol-
lowers. This population may include children
whose parents have not yet enabled the Fol-
lowing function on their devices or adolescents
who vacillate between viewing the system as a
best friend or as a spy [9]. Patients who switched
to other methods or devices for glucose moni-
toring before 15 June 2018 are also included in
this small group.

Data from the T1D Exchange clinic registry
[10] show that CGM use has increased sharply
in recent years, with about 28% of participants
using CGM in 2016-2018 compared to only 7%
in 2010-2012. The increases were especially
dramatic in youth, with more than eightfold
increases in children and adolescents up to age
17 years. The reasons for this increase may
include better insurance coverage, which con-
tributes to sustained use of the devices [11],
improvements in accuracy and usability of the
devices, relaxation of the requirements for
periodic blood glucose monitoring, or the
increasing popularity of automated insulin
delivery systems. Added functionality of the
devices—specifically, the availability to share
and remotely follow CGM data—may also be
contributing to more individuals using the
devices and to individual decisions to use them
more consistently [12].

The study has several limitations. Most
importantly, there were no data on treatment
regimens or therapeutic interventions resulting
from the remotely monitored CGM data. Sec-
ondly, the observational design of the study
does not allow for assertions of causality; it may
be the case that a confounding variable, such as
patient or parental engagement, influences
device utilization, the distribution of glucose
values, and the likelihood of using the Follow

feature. Thirdly, the study design did not allow
for any assessment of the “dose effect” of having
multiple Followers or of having Followers for
different periods of time.

CONCLUSIONS

In this retrospective analysis of real-world data
from young users of CGM, over 94% of those
with the potential to share their data in real
time with at least one other person did so. The
manner and extent to which the data were used
were likely heterogeneous and warrant further
study. However, this analysis is one of the first
to associate real-time sharing and remote
monitoring of CGM data with improved device
utilization and glycemic parameters.
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