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ABSTRACT

Aims: To evaluate the association between Flash Glucose Monitoring (FLASH) frequency
and glycemic parameters during real-life circumstances in the Netherlands.

Methods: Obtained glucose readings were de-identified and uploaded to a dedicated data-
base when FLASH reading devices were connected to internet. Data between September
2014 and March 2020, comprising 16,331 analyzable readers (163,762 sensors) were ana-
lyzed. Scan rate per reader was determined and each reader was sorted into 20 equally
sized rank ordered groups (n = 817 each).

Results: Users performed a median of 11.5 [IQR 7.7-16.7] scans per day. Those in the lowest
and highest ventiles scanned on average 3.7 and 40.0 times per day and had an eHbAlc of
8.6% (71 mmol/mol) and 6.9% (52 mmol/mol), respectively. Increasing scan rates were asso-
ciated with more time in target range (3.9-10 mmol/L), less time in hyperglycemia
(>10 mmol/L), and a lower standard deviation of glucose. An eHbAlc of 7.0% (53 mmol/mol)
translated in approximately 65% time in target range, 30% time in hyperglycemia and 5%
time in hypoglycemia (<3.9 mmol/L).

Conclusions: These outcomes among Dutch FLASH users suggest that with higher scan rate

glycemic control improves.
© 2021 The Author(s). Published by Elsevier B.V. This is an open access article under the CC BY
license (http://creativecommons.org/licenses/by/4.0/).

Abbreviations: CSII, continuous subcutaneous insulin infusion; DM, diabetes mellitus; eHbA1C, estimated HbA1lc; FLASH, Flash
Glucose Monitor; IQR, interquartile range; MDI, multiple daily injections; rt-CGM, real time Continuous Glucose Monitoring
* Corresponding author at: University of Groningen, University Medical Center Groningen, Hanzeplein 1, 9700 RB Groningen, the

Netherlands.
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1. Introduction

Adequate and timely glucose level assessment is indispens-
able for patients with diabetes mellitus (DM) treated with
multiple daily injections (MDI) or continuous subcutaneous
insulin infusion (CSII) when aiming for adequate glycemic
control. Glucose measurements enable patients and care-
givers to make insulin dose adjustments and to aim for
changes in lifestyle and dietary habits, which will help to
improve metabolic control. Ultimately, with optimized glyce-
mic control micro- and macrovascular complications can be
delayed or prevented [1-3].

The opportunity to quickly assess capillary glucose con-
centrations with finger pricks has been a major breakthrough
since the 1980’s. Nevertheless, finger prick testing has several
limitations. Since they are point measurements, information
on glucose trends is limited. Many patients feel reluctant to
perform finger pricks many times daily, since it can be disrup-
tive to daily activities and painful. Continuous Glucose Moni-
toring (CGM), either by real time Continuous Glucose
Monitoring (rt-CGM) or by Flash Glucose Monitoring (FLASH),
allows a more frequent assessment of glucose concentrations
in the interstitial fluid and also provides information on glu-
cose trends. CGM is changing diabetes management and
often contributes to increased quality of life, treatment satis-
faction, better and more stable glycemic control and
improved short term outcomes [4-11].

In 2014, the first version of the FreeStyle Libre® Flash Glu-
cose Monitoring System (Abbott Diabetes Care, Witney, UK)
system was introduced in the Netherlands and from December
2019 the FLASH is reimbursed for patients with DM using MDI
or CSII. The FLASH performs on partially different principles
than earlier CGMs. The user must proactively obtain the
results by using a reader instead of data being relayed auto-
matically to a receiver. Furthermore, the FLASH is already fac-
tory calibrated with no need for daily calibration by the patient
during the 14-day sensor wear, and is meant to be inserted in
the upper arm only. Several studies demonstrated better glyce-
mic control, improved quality of life and lower disease burden
among persons with DM using FLASH [4-7,12-15].

With increasing possibilities to use FLASH, there is a clear
need for information on the effects of its use under real life
circumstances by larger groups of patients with DM. The
aim of the present study was to evaluate the use of FLASH
under real-life circumstances in the Netherlands and to
assess the effects on glycemic parameters.

2. Patients and methods
2.1.  Study design and aims

This is a nationwide study with a cross-sectional design. The
aim was to investigate the magnitude of FLASH reader use in
the Netherlands during the period September 2014 to March
2020 and to examine associations between FLASH scan fre-
quency and glycemic parameters under real life circumstances.

2.2. Data collection

The FLASH monitors glucose levels in interstitial fluid for up to
14 days. A dedicated reader or a smartphone app is used to scan
the FLASH sensor to collect the current glucose, the last 8 h his-
tory and glucose trend. Up to 8 h of glucose readings are auto-
matically stored every 15 min on the sensor. This study only
included data collected via the specific reading devices, but
not with the smartphone app. When a reader was connected
to personal computer-based software with an internet connec-
tion, the reader’s 90-day memory was de-identified and
uploaded to a database. The report software, available for free
download, includes an agreement that de-identified data will
be collected at each internet-connected use of the software [16].

2.3.  Analyses

Within this database, completely anonymized information
on the use of scanning devices and connected sensors was
accumulated. The available data also contained information
of the country in which the scanning device was registered.
In addition to data from Dutch users, data from users from
other countries were retrieved from the database for com-
parisons. The duration of FLASH monitoring, the number
of readers and sensors and the scanning frequency per sen-
sor and individual scanning device could be determined. The
scanning frequency for each sensor was calculated by the
number of scans divided by the duration of sensor use
according to recorded start and end times. Scanning fre-
quency per reader was assessed by calculating the mean
scan rate of all its sensors, followed by determining the
cumulative frequency distribution and summary metrics
(mean, median and interquartile range (IQR)). To investigate
patterns of scanning, frequency of scanning per day and per
hour was collected.

Furthermore, analyses of glycemia were performed based
on all the data that were uploaded. To be included in these
analyses it was required for each sensor to have at least
120 operational hours to ensure reliable glucose control mea-
sures. Data from all sensors belonging to the same reader
were combined and calculated as the mean of all sensor mea-
sures. The cumulative frequency of scan rates, as well as the
mean eHbAlc, was calculated for each five percent of avail-
able readers to stratify the readers into 20 equally sized
groups (bins), and descriptive statistics were calculated. The
frequency distribution of scans by hour of the day was
assessed for scanning patterns across the day. Several mea-
sures of glycemia were used including mean glucose, time
in target range (defined as glucose between 3.9 and
10 mmol/L), time in hyperglycemia (>10 mmol/L and
>13.9 mmol/L) and time in hypoglycemia (<3.9 mmol/L and
<3.0 mmol/L) [17].

The available information on glucose per scanner was con-
verted into eHbAlc using an algorithm (eHbAlc (%) = (mean
glucose in mmol/L + 2.59)/1.59) [18]. eHbA1lc is presented in
IFCC (mmol/mol) and DCCT/NGSP units (%).
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2.4. Outcomes

Primary outcome was the association between FLASH (scan)
frequency and glycemic parameters (estimated HbAlc
(eHbA1lc), time in target range, time in hyper- and hypo-
glycemia, and standard deviation of glucose). As secondary
outcome, scan frequency during time in target range and time
in hypo- and hyperglycemia was assessed for persons with
lower and higher eHbAlc values. In addition, the number of
obtained glucose readings in the Netherlands, their pattern
across the day and comparisons with worldwide data were
assessed.

2.5.  Statistical analysis

The span of glycemic measures and relative changes were
reported from the lowest to highest scan rate groups. The
database was analyzed by structured query language routi-
nes, and further summarized by KNIME (www.knime.org),
the Python programming language (www.python.org), and
the R statistical package (www.r-project.org).

3. Results

Up to March 2020, there were 16,331 analyzable readers
(163,762 sensors) from the Netherlands, out of a total of
932,793 (10,348,827 sensors) across all countries (Supplemen-
tary Table S1). There were 27.9 million glucose scans per-
formed by the users in the Netherlands, and the sensors

provided 48.7 million hours of glucose monitoring data. The
median [IQR] number of daily scans in the Netherlands was
11.5 [7.7, 16.7] (Fig. 1, panel A). During day hours (6 AM to 10
PM) this number was 8.9 [5.9, 13.2] and during night hours
(10 PM to 6 AM) 2.4 [1.6, 3.6]. There were no significant differ-
ences in scan frequency between the different days of the
week (data not shown).

The 20 bins stratified by mean daily scan rate were ana-
lyzed for the associated glycemic metrics (Table 1). The lowest
5% of readers (n = 817) had a mean scan rate of 3.7 scans per
day, with a mean eHbA1c of 8.6% (71 mmol/mol), while the 5%
of readers with the highest scan frequency had a mean scan
rate of 40.0 scans per day and a mean eHbAlc of 6.9%
(52 mmol/mol). Indices of glycemia are also presented in Sup-
plementary Figure S1 (panel B to G).

Associations of scan rate with eHbAlc, time in range, time
in hyper- and hypoglycemia, and coefficient of variation are
presented in Fig. 1. Overall, per bin with increasing scan fre-
quency an association with lower eHbAlc levels, less time
in hyperglycemia and improved glucose variability (expressed
as a lower standard deviation) was observed. Within the bin
that represents persons who scanned more than 40 times
per day an eHbAlc below 7.0% (53 mmol/mol) has been
achieved. The association of scanning frequency with time
in hypoglycemia was less pronounced (Fig. 1, panel D).

Additionally, the number of readers in each bin with zero
time in hypo- and hyperglycemia was evaluated (Fig. 2). At
hypoglycemia with a glucose level <3.0 mmol/L (54 mg/dl)
(Fig. 2, panel B), there was a decrease followed by an increase
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Fig. 1 - Daily scan rate with the FLASH and associations with

glycemia per bin of scan frequency. Daily scans (20 equally sized

groups, n = 817 each) versus A. Mean estimated HbA1lc; B. Mean time in target range (glucose 3.9-10.0 mmol/L); C. Mean
coefficient of variation; D. Median time in hypoglycemia (<3.9 mmol/L); E. Mean time in level 1 hyperglycemia (>10.0 mmol/L);

F. Mean time in level 2 hyperglycemia (>13.9 mmol/L).



Table 1 - Twenty bins ordered by scan rate, comprising 817 readers each, with associated indices of glycemia.

Scan rate Estimated Estimated HbAlc Glucose < 2.5 mmol/L Glucose < 3.0 mmol/L Glucose < 3.9 mmol/L Glucose 3.9-10.0 mmol/L Glucose > 10.0 mmol/L Glucose > 13.9 mmol/L
per day HbA1lc (%) (mmol/mol) (min/day) (min/day) (min/day) (hours/day) (hours/day) (hours/day)
3.7 8.6 71 4.1 12.0 45.4 10.5 12.3 6.5
49 8.3 67 5.2 14.3 53.0 11.4 11.3 5.6
5.7 8.2 66 5.3 14.3 54.5 11.7 11.0 5.3
6.5 8.1 65 5.5 15.9 55.5 11.7 11.0 5.2
7.3 8.1 65 5.1 13.8 53.8 11.9 10.9 5.0
8.0 8.0 64 5.0 14.1 55.9 12.0 10.8 4.7
8.7 7.9 63 5.2 13.9 59.4 12.2 10.6 4.6
9.4 7.7 61 49 14.2 57.1 12.9 9.8 4.0
10.2 7.8 61 5.4 14.6 59.6 12.8 9.9 4.1
11.0 7.7 61 5.0 13.9 57.0 12.9 ClE) 3.9
11.9 7.6 59 5.6 15.8 60.0 13.3 9.4 3.6
12.7 7.6 60 4.6 13.0 58.1 13.2 9.5 3.7
13.7 7.5 59 47 13.1 55.7 13.5 9.2 3.4
14.8 7.5 58 5.3 14.1 56.5 13.9 8.8 3.2
16.0 7.4 57 5.0 14.2 59.6 14.1 8.6 3.0
17.5 7.5 58 4.2 12.1 53.8 13.9 8.9 BN
19.3 7.4 57 4.1 11.2 50.1 14.3 8.5 3.0
21.8 7.2 55 4.0 11.8 52.5 14.8 7.9 2.6
25.8 7.2 55 3.1 9.1 43.3 15.1 7.8 2.6
40.0 6.9 52 29 8.7 49.5 16.1 6.6 2.0

Data are presented as means, except for time below 2.5, 3.0 and 3.9 mmol/L; these are medians.

£68801 (IT0g) /1 3D110V¥d TVOINITD ANV HO¥VISIY SILILVIA
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Fig. 2 - Daily scan rate with the FLASH and associations with zero time in hypo- and hyperglycemia. Daily scan rate versus
number of readers with A. Zero time a glucose below 3.9 mmol/L. B. Zero time a glucose below 3.0 mmol/L. C. Zero time a
glucose above 10.0 mmol/L. D. Zero time a glucose above 13.9 mmol/L.

in the number of readers with zero exposure to this level of
hypoglycemia across the scan groups. For zero exposure to
hyperglycemia, the association was clearer; persons with
higher scan rates were more likely to have zero time in hyper-
glycemia. Concerning hyperglycemia above 13.9 mmol/L
(250 mg/dl), at the highest scan group of 40 scans per day,
72 of 817 (8.8%) readers had no exposure to this level of
hyperglycemia.

When grouping the readers into 20 equal bins defined by
eHbA1lc, the highest eHbAlc bin performed just under 10
scans per day, while the lowest bin had a daily scan rate of
18 per day (Fig. 3). The association with the other glucose met-
rics was also evident; those with the lowest eHbAlc had the
highest time in range and in hypoglycemia, and the lowest
time in hyperglycemia. For glucose variability, there is an
increasing relationship between eHbA1lc and standard devia-
tion of glucose levels. Of notice, an eHbA1c of 7.0% (53 mmol/-
mol) corresponded with a scan frequency of 15 scans per day
and translated in approximately 65% time in target range, 30%
time in hyperglycemia (>10 mmol/L) and 5% time in hypo-
glycemia (below 3.9 mmol/L) (see Fig. 4, panel B to D).

To evaluate the scan behavior between eHbAlc groups in
more detail, the scan rates (scaled to units of scans per day)
during each glucose range was determined for each bin
(Fig. 4). During glucose levels within the target range or in
hyperglycemia persons with lower average estimated HbAlc

values tend to scan more frequently as compared to those
with higher estimated HbAlc values, whereas the scan fre-
quency in hypoglycemia tends to stay relative stable over
the different average eHbA1lc levels.

Comparison of data from the Netherlands with the world-
wide data is presented in Supplementary Table S1 and Fig-
ure S2. Overall, there was a - virtually - similar daily scan
rate (mean 13.4 vs. 13.2) and parameters of glycemia demon-
strate a slightly higher HbAlc 7.7 (1.4)% (61 (15.3) mmol/mol)
vs. 7.5 (1.5)% (58 (16.4) mmol/mol) and less time in target
range (13.1 (4.5) vs. 13.9 (4.9) hours per day) in the Dutch
population.

4, Discussion

This study describes the impact of FLASH use in the Nether-
lands up to March 2020. Although one should be careful to
not draw too firm conclusions from cross-sectional data as
analyzed in the present study, the findings definitely allow
some tentative clinically meaningful interpretations.

First and foremost, there is an association between
increasing scan frequency with better glycemic control. In
general, a scanning frequency of >20 times per day is associ-
ated with an eHbA1c level close to 7.0% (53 mmol/mol), in line
with previous results presented by Dunn et al. [19]. The other
way around: the lower the daily scan frequency, the higher
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Fig. 4 - Scan frequency during time in range, hypo- and
hyperglycemia according to average estimated HbAlc. The
red line represents the scan rate during hypoglycemia
(<3.9 mmol/L), the green line the scan rate during target
range (3.9-10.0 mmol/L) and the orange line the scan rate
during hyperglycemia (>10.0 mmol/L). Dots correspond to
the 20 bins of eHbAl1c. (For interpretation of the references
to colour in this figure legend, the reader is referred to the
web version of this article.)

the associated eHbA1lc. Therefore, we hypothesize that advis-
ing users who scan with a low frequency to scan more often
may result in better glycemic control. Furthermore, persons

who scan with low frequency tend to concentrate scanning
in the hypoglycemic range and tend to disregard scanning
in the hyperglycemic range. This suggests that users with a
low scan rate potentially do not reap the benefits of FLASH
compared to users who scan more frequently.

Of notice, a scanning frequency to reach an eHbAlc level
of <7.0% (53 mmol/mol) — currently the most often used target
for HbAlc levels - corresponds with a time in target range
(glucose 3.9-10.0 mmol/L) of 65% in our analysis. This per-
centage of time is less than current guidelines advice as ideal
time in range (<70%) for most people with type 1 and type 2
diabetes [17]. This finding emphasizes the difference between
eHbAlc (more stable) and time in range as (more dynamic)
outcome parameter. When educating healthcare profession-
als and FLASH users, these findings can be incorporated, aim-
ing for a more satisfactory use of FLASH. In contrast to more
recent CGM devices, the FLASH we analyzed has no alarm
function for (predicted) hypo- or hyperglycemia. The upcom-
ing use of (FLASH) CGM devices with alarm function will pos-
sibly have an additional positive effect on the ability to reach
glycemic targets [20].

Data as acquired from Dutch users are mostly in line with
the worldwide data. On average, users scan about 13 times
daily. The eHbA1lc in the Netherlands tends to be somewhat
higher as well as the amount of time spent in hyperglycemia.
It should be mentioned that comparisons are hampered by
the lack of information concerning the population, including
indication for FLASH use. Until December 2019, the use of
FLASH in the Netherlands was mainly restricted to persons
who failed to reach adequate glycemic control. This selection,
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in contrast to the more heterogeneous worldwide population
with regards to diabetes management, could well account for
the current findings. The considerable number of scans (>30)
needed to achieve the internationally defined target glycemic
variability of <36% is presumably also related to the expected
high amount of FLASH users with inadequate glycemic con-
trol in this study, related to the reimbursement criteria in
The Netherlands until December 2019.

Limitations of this study should be acknowledged. As
mentioned before, the cross-sectional design of this study
precludes conclusions concerning causality. As a conse-
quence of the anonymous nature of the database used for this
study, detailed information concerning characteristics of
FLASH users was unavailable. Ideally, users’ characteristics
and longitudinal analyses should be included in future analy-
ses. In addition, the lack of information concerning carbohy-
drate intake and exercise patterns during FLASH should also
be taken into account. As there is a heterogeneous population
with various indications for FLASH use, we were unable to
define specific subgroups who might benefit the most from
FLASH. As parameter of glycemic variability, the coefficient
of variation of glucose concentrations was used. It should
be noted that outcomes for the standard deviation of glucose
levels (data presented in Supplementary Figure S3) were in
line with the coefficient of variation (the ratio of the standard
deviation divided by the mean, Fig. 1C). Lastly, it should be
noted that eHbAlc does not always closely approximates a
laboratory measured HbAlc [21]. After this study ended, the
term eHbA1c has been changed to Glucose Management Indi-
cator (GMI) in the Netherlands.

5. Conclusions

The observed outcomes suggest that with increasing FLASH
scan rate glycemic parameters improve, including eHbAlc,
time in range, time in hyperglycemia and standard deviation
of glucose. Although causality between scan rate and
described outcomes is not proven, both users and health care
professionals have to be aware of this probable relationship.

Declaration of Competing Interest

Initial study design was by TCD, HJGB, PRD, and MJF. Data
collection and statistical analysis was performed by employ-
ees of Abbott Diabetes Care (TCD, KK, YX). Further detailing
after the original study design was possible in cooperation
of the above named and AL, MAE, ROBG, and NL. All authors
contributed to the interpretation of the results and in writing
the manuscript. This work was partly funded by the Univer-
sity Medical Center Groningen (Department of Internal Medi-
cine) and partly by Abbott Diabetes Care (the last part being in
the form of an unconditional research grant).

Appendix A. Supplementary material

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.diabres.2021.108897.

REFERENCES

[1] Nathan DM, Cleary PA, Backlund J-YC, Genuth SM, Lachin JM,
Orchard TJ, et al. Intensive diabetes treatment and
cardiovascular disease in patients with type 1 diabetes. N
Engl ] Med. 2005;353(25):2643-53.

Bebu I, Schade D, Braffett B, Kosiborod M, Lopes-Virella M,

Soliman EZ, et al. Risk factors for first and subsequent CVD

events in type 1 diabetes: the DCCT/EDIC study. Diabetes Care

[Internet] 2020;43(4):867-74. Available from:

https://care.diabetesjournals.org/content/43/4/867 [cited

2020 Dec 20].

Effect of intensive blood-glucose control with metformin on

complications in overweight patients with type 2 diabetes

(UKPDS 34). UK Prospective Diabetes Study (UKPDS) Group.

Lancet Lond Engl 1998;352(9131):854-65.

Deshmukh H, Wilmot EG, Gregory R, Barnes D, Narendran P,

Saunders S, et al. Effect of flash glucose monitoring on

glycemic control, hypoglycemia, diabetes-related distress,

and resource utilization in the Association of British Clinical

Diabetologists (ABCD) Nationwide Audit. Diabetes Care

[Internet] 2020 Jul 15;dc200738. Available from:

http://care.diabetesjournals.org/lookup/doi/10.2337/dc20-

0738 [cited 2020 Jul 20].

[5] Ang E, Lee ZX, Moore S, Nana M. Flash glucose monitoring

(FGM): a clinical review on glycaemic outcomes and impact

on quality of life. ] Diabetes Complications [Internet] 2020;34

(6):107559. Available from: https://linkinghub.elsevier.com/

retrieve/pii/S1056872719313418 [cited 2020 Jul 22].

Charleer S, Mathieu C, Nobels F, De Block C, Radermecker RP,

Hermans MP, et al. Effect of continuous glucose monitoring

on glycemic control, acute admissions, and quality of life: a

real-world study. J Clin Endocrinol Metab 2018;103(3):1224-32.

Fokkert M, Dijk P van, Edens M, Barents E, Mollema J,

Slingerland R, et al. Improved well-being and decreased

disease burden after 1-year use of flash glucose monitoring

(FLARE-NL4). BMJ Open Diabetes Res Care [Internet] 2019;7(1).

Available from: https://drc.bmj.com/content/7/1/e000809

[cited 2019 Dec 23].

Lind M, Olafsdéttir AF, Hirsch IB, Bolinder J, Dahlqgvist S,

Pivodic A, et al. Sustained intensive treatment and long-term

effects on HbA1lc reduction (SILVER Study) by CGM in people

with type 1 diabetes treated with MDI. Diabetes Care

[Internet] 2020 Nov 15;dc201468. Available from:

http://care.diabetesjournals.org/lookup/doi/10.2337/dc20-

1468 [cited 2020 Nov 17].

Thabit H, Prabhu JN, Mubita W, Fullwood C, Azmi S, Urwin A,

et al. Use of factory-calibrated real-time continuous glucose

monitoring improves time in target and HbAlc in a

multiethnic cohort of adolescents and young adults with type

1 diabetes: the MILLENNIAL study. Diabetes Care [Internet]

2020 Jul 28; Available from: https://care.diabetesjournals.

org/content/early/2020/07/27/dc20-0736 [cited 2020 Nov 18].

[10] Rodbard D. Continuous glucose monitoring: a review of
recent studies demonstrating improved glycemic outcomes.
Diabetes Technol Ther [Internet] 2017;19(S3):S-25-37.
Available from: http://www.liebertpub.com/doi/
10.1089/dia.2017.0035 [cited 2020 Nov 20].

[11] Stone JY, Bailey TS. Benefits and limitations of continuous
glucose monitoring in type 1 diabetes. Expert Rev Endocrinol
Metab 2020;15(1):41-9.

[12] Tyndall V, Stimson RH, Zammitt NN, Ritchie SA, McKnight JA,
Dover AR, et al. Marked improvement in HbAlc following
commencement of flash glucose monitoring in people with

2

3

4

6

[7

[8

[9



DIABETES RESEARCH AND CLINICAL PRACTICE I/7 (2021) 108897

(23]

(14]

(15]

[16]

(17]

type 1 diabetes. Diabetologia [Internet] 2019;62(8):1349-56.
Available from: https://www.ncbi.nlm.nih.gov/pmc/articles/
PMC6647076/ [cited 2020 Jan 13].

Evans M, Welsh Z, Ells S, Seibold A. The impact of flash
glucose monitoring on glycaemic control as measured by
HbAlc: a meta-analysis of clinical trials and real-world
observational studies. Diabetes Ther [Internet] 2020;11(1):83-
95. Available from: https://www.ncbi.nlm.nih.gov/pmc/
articles/PMC6965602/ [cited 2020 Sep 20].

Bolinder J, Antuna R, Geelhoed-Duijvestijn P, Kroger J,
Weitgasser R. Novel glucose-sensing technology and
hypoglycaemia in type 1 diabetes: a multicentre, non-
masked, randomised controlled trial. The Lancet [Internet]
2016;388(10057):2254-63. Available from: http://
www.sciencedirect.com/science/article/pii/
S0140673616315355 [cited 2020 Jun 17].

Haak T, Hanaire H, Ajjan R, Hermanns N, Riveline J-P, Rayman
G. Use of flash glucose-sensing technology for 12 months as a
replacement for blood glucose monitoring in insulin-treated
type 2 diabetes. Diabetes Ther [Internet] 2017;8(3):573-86.
Available from: https://www.ncbi.nlm.nih.gov/pmc/articles/
PMC5446381/ [cited 2020 Sep 21].

Freestyle Libre | Software Disclaimer | Abbott [Internet].
Available from: https://www.freestyle.abbott/ca/en/products/
libre/software/disclaimer.html [cited 2020 Dec 31].

Battelino T, Danne T, Bergenstal RM, Amiel SA, Beck R, Biester
T, et al. Clinical targets for continuous glucose monitoring

(18]

[19]

[20]

[21]

data interpretation: recommendations from the
international consensus on time in range. Diabetes Care
[Internet] 2019 Jun 7. Available from:
https://care.diabetesjournals.org/content/early/2019/06/07/
dci19-0028 [cited 2020 Apr 15].

Nathan DM, Kuenen ], Borg R, Zheng H, Schoenfeld D, Heine
RJ. Translating the A1C assay into estimated average glucose
values. Diabetes Care [Internet] 2008;31(8):1473-8. Available
from: https://www.ncbi.nlm.nih.gov/pmc/articles/
PMC2742903/ [cited 2020 Nov 20].

Dunn TC, Xu Y, Hayter G, Ajjan RA. Real-world flash glucose
monitoring patterns and associations between self-
monitoring frequency and glycaemic measures: a European
analysis of over 60 million glucose tests. Diabetes Res Clin
Pract 2018;137(Mar):37-46.

Cappon G, Vettoretti M, Sparacino G, Facchinetti A.
Continuous glucose monitoring sensors for diabetes
management: a review of technologies and applications.
Diabetes Metab ] [Internet] 2019;43(4):383-97. Available from:
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6712232/
[cited 2020 Nov 23].

Bergenstal RM, Beck RW, Close KL, Grunberger G, Sacks DB,
Kowalski A, et al. Glucose management indicator (GMI): a
new term for estimating A1C from continuous glucose
monitoring. Diabetes Care [Internet] 2018;41(11):2275-80.
Available from: https://www.ncbi.nlm.nih.gov/pmc/articles/
PMC6196826/ [cited 2020 Nov 19].



