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Abstract

Aims Frequent glucose testing is required for optimal management of type 1 diabetes (T1D). Limited data are available
regarding real-world experience of the novel technology for monitoring by continuous interstitial fluid glucose (IFG), using
flash glucose-sensing technology (FSL-CGM). We aimed to assess the effect of FSL-CGM in a real-life clinical setting on
glycemic control parameters, compliance, and adverse events among pediatric and young adult T1D patients.

Methods This observational multi-center study assessed FSL-CGM use (6—12 months) in T1D patients (mean + SD age
13.4+4.9 years) who purchased the device out-of-pocket. Outcome measures included HbAlc, mean IFG levels, CGM
metrics [time in hypoglycemia (<54 mg/dL; <3 mmol/L), in target range (70—180 mg/dL; 3.9—-10 mmol/L), and in hyper-
glycemia > 240 mg/dL; > 13.3 mmol/L)], frequency of self-monitoring of blood glucose, acute complications, skin reactions,
and reasons for initiation/discontinuation.

Results Among patients with regular use of the FSL-CGM (n=59), mean HbA 1c decreased from 8.86+0.23 to 8.05+0.2%
(73.3-64.5 mmol/mol) in 3 months (p =0.0001) and plateaued thereafter. A clinically significant reduction in HbAlc (defined
as a decrease of >0.5%) was associated with shorter diabetes duration. Of 71 patients who initiated use of the FSL-CGM,
12 (16.9%) discontinued during the study period. No statistically significant changes were found after FSL-CGM use, in
mean and standard deviation IFG levels, and in time of glucose levels in target, hypoglycemia, and hyperglycemia ranges.
One patient with hypoglycemia unawareness was found dead-in-bed while using FSL-CGM.

Conclusions Real-life observational data in a self-selected young T1D population demonstrated a significant and sustained
reduction in HbA 1c with FSL-CGM in one-third of the participants. Surveillance of glucose monitoring should be individu-
alized, especially for patients with hypoglycemia unawareness.

Keywords Flash glucose monitoring system - FreeStyle libre - Type 1 diabetes - Hypoglycemia unawareness - Continuous
glucose monitoring
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Introduction

Glucose monitoring by frequent assessments is mandatory
for the optimal management of patients with type 1 diabe-
tes (T1D). Self-monitoring of blood glucose (SMBG) by
finger prick tests has been the standard of care for diabetes
for the last few decades [1]; its value for better glycemic
control has been clearly demonstrated among all insulin-
treated patients whether treated by multiple daily insulin
injections or by continuous subcutaneous insulin infusion
(CSID) [2]. During the last decade, continuous glucose
monitoring systems (CGMs) with alarms of hypoglycemia
and hyperglycemia have been introduced. The advantages
of such technology are the provision of more complete
information of the real-time level of interstitial fluid glu-
cose (IFG), including the demonstration of trends and rates
of change of IFG. CGMs as a standalone device or in com-
bination with CSII leads to improvements in HbA lc, with
reduced risk of hypoglycemic events [3-5]. Moreover, new
generations of sensor-augmented pump systems are able to
reduce time spent in hypoglycemia by suspending insulin
infusion when glucose is (or predicted to be) low [6-8].
However, limitations of CGM devices have restricted
their widespread use, including: discomfort when wear-
ing them, insertion difficulties, the need of SMBG testing
for calibration, problems related to the adhesiveness of the
sensor, their numerous alarms, concerns about accuracy
of data, interference with sports and activities, the need
for frequent change, and skin reactions [9, 10]. Decreased
usage of CGMs over time was demonstrated in a number
of real-life studies in pediatric populations [9—-11].

A novel technology for continuous IFG monitoring
was introduced in the last few years, using Flash glucose-
sensing technology: FreeStyle Libre (FSL-CGM Abbott
Diabetes Care, Alameda, California, USA). The advan-
tages of this device over other CGMs are that the sensor
is replaced every 14 rather than 6—7 days and that cali-
bration is not required. Similar to other CGMs, data are
shown real time on a screen, including rate and direction
of change in glucose levels. However, the FSL-CGM has
no alarms, thus does not alert pending hypoglycemia or
hyperglycemia, and glucose-level reading is available only
on-demand. The use of FSL-CGM was shown to be reli-
able, to increase time in target range, easy to wear, and
well tolerated by T1D patients [12—-16]. A few short-term
studies (14 days—3 months) demonstrated the accuracy,
safety, and acceptability of this device in pediatric popula-
tions [12, 14, 17, 18].

Our aim was to describe real-life data of children and
youth using FSL-CGM for 6-12 months, including glyce-
mic control parameters, compliance, and adverse events.
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Patients and methods
Study population

The study population included all individuals with T1D
ages 1-25 years who were managed by the pediatric diabe-
tes teams from the AWeSoMe Study Group (four pediatric
diabetes multidisciplinary clinics in Israel; Assaf Harofeh
Medical Center, E. Wolfson Medical Center, Edmond and
Lily Safra Children’s Hospital, Dana-Dwek Children’s Hos-
pital) and who chose to purchase FSL-CGM out-of-pocket
as part of their diabetes care in addition to the reimbursed
finger-stick blood glucose monitoring. The decision to use
FSL-CGM was made prior to and independent of their
entrance to the study, and was based on preferences of the
patients and their parents. Study eligibility criteria included:
diagnosis of T1D, routine attendance at clinic visits, and ini-
tiation of FSL-CGM usage between April 2016 and March
2017. Patients who discontinued FSL-CGM usage were not
excluded from the study, and there were no restrictions on
HbAc value or prior use of CGM. Patients were catego-
rized according to duration of FSL-CGM usage: those who
used the FSL-CGM for the entire follow-up period and those
who discontinued the use of the device during the follow-up
period.

Study design

This is an observational real-life multi-center study, based
on data retrieved from charts as part of clinical care at each
clinic visit during 6—12 months follow-up, and conducted
according to the principles of the Declaration of Helsinki
on biomedical research involving human patients and the
respective local national regulations. Each center obtained
local ethics committee approval. Since data were retrieved
from patient medical records, and all personal identifica-
tion information omitted, informed consent by the patients
was waived. Patients arrived for follow-up visits every
3—6 months as is routine in the participating clinics. Man-
agement decisions were made per routine practice and were
based on FSL-CGM downloaded logbooks, downloaded
data of insulin pumps, and HbAlc. All patients received
guidance from a diabetes team regarding FGS-CGM use
during the first 3 months of system use.

Data collection

Pre-specified clinical data were collected from a period of 6
months before until 12 months after the start of FSL-CGM
use. Pre-FSL-CGM was defined as the period prior to FSL-
CGM use; the most recent 2-week data were collected from
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the medical records for the 6- and 3-month visits prior to
FSL-CGM initiation and from the first clinical visit with
the FSL-CGM, from glucometer and pump data download-
ing. Variables recorded at the first visit with the FSL-CGM
were gender, age, diabetes duration, other medical diseases,
weight, height, and Tanner pubertal stage (by routine physi-
cal examination during clinical visits in the diabetes clinic).
Variables recorded at each visit included: HbAlc levels, as
obtained with a DCA point of care device, the number of
SMBG per day, the number of device scans, episodes of dia-
betic ketoacidosis (DKA), and severe hypoglycemia (defined
as glucose level < 54 mg/dL; <3 mmol/L and requiring
treatment by another person), height, weight, body mass
index (BMI), and skin assessment at the insertion site of
the FSL-CGM (itching, redness, and hyper-pigmentation).

Outcome measures

Primary outcome measures were changes in glycemic
parameters including HbAlc, mean glucose levels, time in
hypoglycemia (< 54 mg/dL; <3 mmol/L), in target range
(70-180 mg/dL; 3.9-10 mmol/L), and in hyperglycemia
(>240 mg/dL; < 13.3 mmol/L), from the pre-FSL-CGM
period until the end of follow-up. Secondary outcome meas-
ures were the effect of FSL-CGM on SMBG frequency, the
number of device scans per day, episodes of acute diabe-
tes complications (severe hypoglycemia and ketoacidosis),
skin reactions, and causes for FSL-CGM initiation and
discontinuation.

Statistical analysis

Data were analyzed with the IBM SPSS software (IBM
SPSS Statistics for Windows, Version 24; IBM Corp.,
Armonk, NY, USA, 2016). Categorical variables were
described as frequency and percent. Continuous variables
were assessed for normal distribution using histogram and
Q-Q plots. Normally distributed continuous variables were
described as means and standard deviations (SD), and non-
normally distributed parameters were described as median
and interquartile range (IQR). Categorical variables were
compared between those who discontinued using FSL-CGM
and those who continued, using Chi-square test or Fisher’s
exact test. Differences between groups in continuous data
were compared using independent-sample 7 tests (normally
distributed data) or Mann—Whitney test (skewed data). The
Generalized Estimating Equation (GEE) model was used to
evaluate the change in each outcome during the follow-up
time. Data analysis was controlled for diabetes duration prior
to FSL-CGM. Interaction between each baseline parameter
and time was also assessed. The last observation carried
forward method was used for imputation of missing data

in the 12-month period. A two-tailed p value of <0.05 was
considered significant.

Results
Characteristics of the study population

The study population comprised 71 children, adolescents,
and young adults with T1D, 56.3% females; the mean age at
baseline was 13.4 +4.9 years (range 4.1-23.8 years). Five
patients were preschoolers (age 1-6 years), 24 children
(6-12 years), 29 adolescents (12—-18 years), and 18 young
adults (18-25 years). The demographic, clinical, and glyce-
mic control parameters are presented in Table 1.

Fifty-nine patients (83.1%) used FSL-CGM for the entire
follow-up period, with a median duration of 10.3 months
(IQR 6.0, 12.5). Twelve patients (16.9%) discontinued the
use of FSL-CGM during the follow-up period, with a median
usage time of 5.6 months (IQR 2.8, 7.4). Reasons for discon-
tinuation were switch to a CGM with alarms (n=4), tired of
the device (n=3), severe skin reactions (n=2), perception
of inaccuracy (n=2), and too expensive (n=1). Most char-
acteristics assessed were similar between patients who con-
tinued and discontinued use of the device (Table 1). Baseline
characteristics demonstrated that those who discontinued
use of the device, compared to those who continued, had
significantly higher HbAlc [9.3% (IQR 8.9, 11.0) vs. 8.2%
(IQR 7.5, 9.4), 78 mmol/mol (IQR 74, 97) vs. 66 mmol/mol
(IQR 58,79), p=0.02], and a lower proportion of time with
glucose in range [37.3% (IQR 25.5, 53.0) vs. 52.6% (IQR 41,
62.7), p=0.06]. None of those who discontinued had prior
experience with CGM (Table 1). Fourteen patients (19.7%)
started to use the FSL-CGM less than 6 months after diag-
nosis of T1D. Three patients discontinued usage due to fear
of hypoglycemia and switched to CGM devices with alarms.

Parameters of glycemic control during the follow-up
period among the continuous users of the FSL-CGM

HbA Ic decreased by 0.8 +£0.03% (9 mmol/mol) at 3 months
(mean + SE, respectively, p=0.0001), and plateaued thereaf-
ter (Fig. 1a). We defined an improvement in glycemic control
as a decrease of >0.5% in HbAlc. This clinically signifi-
cant decrease in HbAlc during the follow-up period was
observed in 24 patients (40.6% of the continuous users of the
FSL-CGM), 9 of them were with diabetes duration less than
6 months, and 15 with more than 6 months disease duration,
as presented in Fig. 1. The clinically significant improve-
ment in HbAlc over time was associated with shorter dia-
betes duration (p value for interaction =0.001).

A clinically significant decrease in HbA 1c was not asso-
ciated with gender, age at FSL-CGM initiation, modality
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Table 1 Baseline characteristics

) Characteristic All patients FSL-CGM Group  Discontinuation Group  p value
of the study population N="71 N=59 N=12
Duration use (mo)* 10.3 (6.0, 12.5) 5.6 (2.8,7.4)
Number (%)° 71 59 (83.1%) 12 (16.9%)
Gender (M:F) 40:31 33:26 7:5 0.88
Age at baseline (y)° 13.4+49 13.5+£52 13.1+2.7 0.73
Diabetes duration (y)* 32(1,7.4) 3.08(1,7.4) 4.4(1.1,7.6) 0.51
Pubertal tanner 1-2° 30 (42.3%) 26 (44.1%) 4 (33.3%) 0.08
BMI z-score® 0.04+1.0 —-0.03+1.0 0.5+0.7 0.12
Other diseases’ 17 16 1 0.43
Insulin delivery (MDI/CSII)  24/47 20/39 4/8 0.99
Previous use of CGMS 17 23.9%) 17 (28.8%) 0 (0%) 0.06
HbAlc (%)* 8.5(7.7,9.5) 8.2(7.5,9.4) 9.3(8.9, 11) 0.02
HbA lc (mmol/mol)?
SMBG/day® 5.4+2.7 5427 5.6+33 0.83
Mean glucose (mg/dL)* 177.2+21.9 176.3+22.6 182.8 +42.1 0.64
Glucose SD¢ 77.1+21.9 77.4+22.6 74.9+18.6 0.75
%Time spent 70-180 mg/dL*  50.7(40, 61.2)  52.6 (41, 62.7) 37.3(25.5,53.1) 0.06
% Time spent <55 mg/dL? 2(0.9,4.7) 1.8 (1,3.7) 3.5(0, 6.3) 0.44
% Time spent>240 mg/dL*  20.3(9.3,31.3) 19.9(9.1,30.4) 26 (10, 36.5) 0.38

MDI multiple daily insulin, CSII continuous subcutaneous insulin infusion, CGMS continuous glucose
monitoring systems, SMBG self-monitoring of blood glucose

3Data are median and interquartile range?, n (%)° or mean and standard deviation®, according to data type

and distribution

4Other diseases include hypothyroidism, celiac disease, and attention deficit disorder

All contiouos users

Diabetes duration > 6 months

Diabetes duration < 6 months

(n=59) (n=48) (n=11)
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Fig.1 Change of HbAlc levels during FGS-CGM use. Box plots indicate HbAlc levels among patients using the FSL-CGM. The top and bot-
tom of the boxes denote the 25th and 75th percentiles, and the line represents the median

of insulin delivery, previous use of a CGM, and SMBG/
day at baseline (p=0.643, p=0.683, p=0.290, p=0.054,
p=0.659, respectively), as presented in Table 2. No sig-
nificant changes were observed following use of the device
in mean glucose and SD, and in the proportion of time that
blood glucose values were in the target, hypoglycemic, and
hyperglycemic ranges (Fig. 2).

The number of SMBG tests performed per day signifi-
cantly decreased from a median of 5.2 (IQR 2.5, 7.0) in
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the Pre-FSL-CGM period to a median of zero tests per
day during the follow-up period (IQR 0, 2.6, p=0.001).
The median number of sensor scans per day during the
follow-up was 12 (IQR 8, 16.5) and was stable during the
entire study period. No association was found between a
decrease in HbAlc and the number of scans performed
daily (Table 2).
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Tab]e 2 Char, ac.teristics. O.f Characteristic HbAIc decreased HbA Ic decreased by p value

p.atlf.:nts accprdmg to chn.lcally by >0.5% <0.5%/mo change/increased

significant improvement in

glycemic control (sustained % continuous users 42.9 57.1

decrease of HbAlc>0.5%) Gender (M:F) 12:12 18:14 0.643
Age at initiation (year)® 12.8+5.6 13.4+49 0.683
Diabetes duration (year)b 1.9 (0.04,5.7) 3.2(2.6,7.9) 0.021
Less than 6 months of diabetes duration® 9 (81.8) 2(18.2) 0.006
Insulin delivery (MDI/CSII) 10/14 9/23 0.290
Previous use of CGMS? 4(23.5) 13 (76.5) 0.054
HbA lc (%) at initiation® 9.6 (8.1, 11.5) 7.9 (6.8, 8.6) 0.000
HbAlc (mmol/mol) at initiation” 81.4 (65, 102.2) 62.8 (50.8, 70.5) 0.000
Pre-FSL-CGM SMBG/day*® 53+2.7 5.6+2.8 0.659
FSL-CGM scans/day® 14 (10, 18) 12 (6, 15) 0.123

MDI multiple daily insulin, CSII continuous subcutaneous insulin infusion, CGMS continuous glucose
monitoring systems, SMBG self-monitoring of blood glucose

Data are presented as n (%)*, median and interquartile range®, or mean and standard deviation®, according
to data type and distribution. Glycemic parameters are based on an average of the 6 months prior to FGS-

CGM initiation

A Hypoglycemia B Target range C Hyperglycemia
g -
S 8 S es5- 8 244
= T =
o > k-
2 . 604 o) . 22
£5°] £ Ed
33 T g % € 2
vV E 4 eE A E
LE ~S )
€ o & v 504 £ 2 184
ERY € o s 2
I S o ER
s E = 45 = = 16
? 5 H
g 2 g
= 0 . . . . g . . . . g u . . + .
& 9 o o 2 2 @ @ o
& RS & o & RS & o & RS & 8
¢ N <

Fig.2 Evolution of time in hypoglycemia, in range, and in hypergly-
cemia before and until 12 months after start of use of FSL-CGM. In
the pre-FSL-CGM, data are based on averages of SMBG data. Other
data points represent mean (standard error) percentage of FSL-CGM

Reasons for initiating FSL-CGM use

The most common reason for using FSL-CGM, as expressed
by 37 (54%) patients and their parents, was to improve their
quality of life; this reason was more often stated than the
other reason (p =0.04). Additional reasons were to improve
diabetes control (n=9, 12.7%), to improve compliance of
glucose assessment (n=3, 4.2%), to reduce the frequency
of hypoglycemia (n=2, 2.8%), and to avoid hypoglycemia
unawareness (n=1, 1.4%). Nineteen patients expressed vari-
ous combinations of reasons (26.8%).

Adverse events during FGS-CGM use

Considering the entire cohort, contact dermatitis presented
in 9 (12.7%) patients. Of them, dermatitis appeared within

measurements a below 54 mg/dL (3 mmol/L), b 70-180 mg/dL
(3.9-10 mmol/L), and ¢ above 240 mg/dL (13.3 mmol/L) at 3, 6, and
12 months after initiation of use of the device

3 months of FSL-CGM use in 5, and after 6 months in 4.
Two patients with severe dermatitis stopped using the device
because of skin reactions (16.7% of the patients who dis-
continued use of the device), which presented shortly after
initiation of use of the FSL-CGM. Of note, these patients
had experienced similar skin reactions to other adhesives
used in diabetes-related devices. Seven patients continued
using the FSL-CGM despite the skin reactions, and used
various protective barrier dressings.

No episode of DKA was reported during the follow-up
period, while four episodes were documented in the pre-
FGS-CGM period.

Two severe hypoglycemia episodes were documented
during the FSL-CGM period, in a 23-year-old female
patient with well-controlled Hashimoto thyroiditis. She
had a similar incidence of hypoglycemic events during the
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pre-FSL-CGM period and a history of hypoglycemia una-
wareness. She refused to use a CGM with alert devices and
used the FSL-CGM intermittently. During the two severe
episodes, the device was not in use. She was found dead-
in-bed after a total of 8 months of intermittent use of FSL-
CGM while using the system. Her mean HbAlc during the
6 months prior to FSL-CGM was 7.8%, and on her last visit
8.6%.

Discussion

This is the first long-term real-life report of FSL-CGM use
in the pediatric and young adult T1D population. In this
cohort of 71 self-selected participants, we were able to dem-
onstrate various aspects of routine use of this new device:
reasons for initiation and discontinuation, adverse events,
and changes in glycemic control parameters.

In a subgroup of patients with shorter disease duration
(< 6 months) and higher initial HbAlc, we demonstrated
a clinically and statistically significant decrease in HbAlc
(=0.5%), shortly after initiation of using the device. Still,
one-third of the patients with diabetes longer than 6 months
showed a similar decrease. Several studies of adult patients
with T1D demonstrated a decrease in HbAlc following use
of the FSL-CGM [19-21].

Dunn et al. analyzed real-life data of 50,000 users (with
type 1 and type 2 diabetes) of the FSL-CGM worldwide
[16]. That study showed that estimated HbAlc gradually
decreased from 8.0 to 6.7% (64—50 mmol/mol). Moreover, a
strong correlation was shown between the number of glucose
scans and improvement in glycemic parameters. Previously,
a greater number of SMBG were shown to be associated
with better HbAlc [1, 2]. However, in our pediatric and
young adult population with T1D, the number of self-tests
per day was higher following FSL-CGM use (median 12
scans vs. 5.2 finger pricks). However, no correlation was
found between the number of scans per day and HbAlc
reduction, possibly due to the smaller study population,
which was not powered to show such a correlation. The fre-
quency of SMBG dramatically decreased among FSL-CGM
users. This phenomenon has been described in other studies
as well, and reflects the confidence of the users in the device
[15,22].

We presume that the “honeymoon period” may explain,
at least in part, the more frequent clinically significant
decreases in HbAlc in patients who were diagnosed with
T1D within 6 months of initiating use of the device com-
pared to patients with longer disease duration. A marked
reduction in HbA1c is a well-documented phenomenon that
occurs shortly after diagnosis of T1D [23] and that is related
to the initiation of insulin treatment and some recovery of
beta cell function. Nonetheless, one-third of patients with
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prolonged disease also achieved a clinically significant
reduction in HbAlc. We were not able to characterize the
patients with improved glycemic control, since the decrease
in HbA 1c was not associated with gender, age at FSL-CGM
initiation, modality of insulin delivery, and previous use of
a CGM and SMBG/day at baseline.

As in every new technology that seems flawless in con-
trolled research, introduction to the relevant patient popula-
tion highlights troublesome areas. Nearly, 17% of the study
population, all of them naive to CGM devices, stopped
using the FLS-CGM during the follow-up period. The vari-
ous reasons for discontinuation resemble those that have
been described for the discontinuation of other CGMs [9,
10]. An additional reason for discontinuation was fear of
hypoglycemia, which the FSL-CGM does not warn against.
Interestingly, the majority of those who discontinued use due
to fear of hypoglycemia were with relatively new onset T1D
(less than 6 months from diagnosis). As reported recently,
patients with hypoglycemia unawareness benefit more from
other CGM devices than from the FSL-CGM system [24].
The young adult found dead-in-bed was a patient with hypo-
glycemia unawareness, and her death may have been associ-
ated with hypoglycemia. An additional reason for discon-
tinuing FSL-CGM use is contact dermatitis, which is typical
of adhesive use, and which occurred in 13% of our study
population. Similarly, adverse skin events were described
by Bolinder and al. in a cohort of adults with type 1 dia-
betes who were using the FSL-CGM [25]. Herman et al.
described 15 patients from a dermatology clinic with contact
dermatitis attributed to isobornyl acrylate (a component in
the adhesive part of the device) [26]. Local skin reaction is
an occasional adverse event of medical devices attached to
the body, and local preventive measures have been reported
[27]. We note that none of the patients with a previous his-
tory of CGM discontinued use of the FLS-CGM during the
study period. About 30% of the cohort switched to the FSL-
CGM, because they found the alarms of other CGMs annoy-
ing and the presence of continuously visible glucose levels
overwhelming and interfering with daily life.

Limitations of the current study include the absence of
blinded FSL-CGM data prior to FSL-CGM use; this is a lim-
itation inherent to an observational real-life study design and
the absence of a prospective control group. Other limitations
are the relatively small number of patients and the selected
population of patients who could self-fund the device.
Strengths of the study are the real-life population, which
included patients with a wide range of HbAlc (6.1-16.1%),
the relatively long use experience, the multi-center design
and the analysis of the largest pediatric, and youth popula-
tion using the FSL-CGM reported thus far.

In a real-life context, FSL-CGM use resulted in a sig-
nificant and sustained reduction in HbAlc among one-third
of patients with prolonged duration of diabetes. Although
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underpowered, this report raises questions regarding the
clinical relevance of adult population reports for the pediat-
ric population, and highlights the need for large scale real-
life assessments of FGS-CGM in the pediatric population,
and of defining the patients who will benefit the most from
the device. The data have several clinical implications for
FSL-CGM use in pediatric and young adult patients with
T1D, including its consideration among patients with hypo-
glycemia unawareness. Tailoring glucose monitoring to
patients of different characteristics is important to improve
glycemic control and prevent complications.
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