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Abstract
Objectives  Glucose monitoring in diabetes is changing overtime with a constant development of new devices for continuous 
glucose monitoring (CGM). Aim of this observational, prospective study was to evaluate the clinical performance of a novel 
intermittently scanned CGM system, the Glunovo Flash in a cohort of patients with type 1 diabetes.
Methods  A total of 45 patients with T1D followed at the Endocrinology Unit of the ASST-FBF-Sacco (Milan) were enrolled. 
All patients were habitual CGM users and were asked to wear simultaneously the Glunovo Flash system and their habitual 
CGM device for 14 days. A comparison of CGM glucose metrics was performed. Patients’ opinions on the new device were 
also collected.
Results  Thirty-five patients completed the study period of two weeks (7 habitual real time CGM users, 28 habitual inter-
mittently scanned CGM users). Mean Time In Range resulted significantly higher with the novel studied sensor respect to 
intermittently scanned CGM comparator. No differences were found considering other glucose metrics. A positive correlation 
was found between the Time In Range recorded by Glunovo Flash and intermittently scanned CGM comparators as well as 
for Time Above Range, Glucose Management Indicator, Time Below Range and Coefficient of Variation. No correlations 
were found between glucose metrics recorded by Glunovo Flash and real time CGM comparators. Patients reported a posi-
tive experience of use with the new sensor but some elements appeared improvable.
Conclusions  The CGM device Glunovo Flash for patients with diabetes shows similar performance to other intermittently 
scanned CGM systems.

Keywords  Continuous glucose monitoring · Diabetes management system · Flash glucose monitoring · Device satisfaction 
type 1 diabetes

Background

Both intermittently scanned continuous glucose monitoring 
(isCGM, also named Flash Glucose Monitoring) and real 
time continuous glucose monitoring (rtCGM) can improve 
glycemic outcomes and quality of life in children, adoles-
cents and adults with type 1 diabetes (T1D) compared to 
self-monitoring of blood glucose [1, 2]. CGM provides a 
complete overview of patients’ glucose trends and time spent 
in defined glucose ranges [3], being an irreplaceable tool in 
clinical practice. Intermittently scanned continuous glucose 
monitoring, particularly, has greater convenience and ease 
of use and it can ensure successful management of multiple 
dose insulin therapy also in type 2 diabetes [4, 5]. Moreo-
ver, emerging evidence demonstrated CGM usefulness 
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also in hospitalized, complicated and frail subjects with 
increased risk of adverse outcomes related to uncontrolled 
blood glucose levels [6–9]. An effective utilization of con-
tinuous glucose monitoring technology depends on different 
factors such as patient’s acceptance and usability but also 
analytical, clinical and perceived accuracy [10–12]. Sev-
eral new CGM devices are commercialized, available and 
reimbursed by the health systems [13]. Nevertheless, only 
the earliest and most used ones (i.e., Dexcom, Medtronic 
Minimed Guardian, Abbott Freestyle Libre, Senseonis Ever-
sense) have a considerable amount of published data and 
scientific evidences to support their use. Glunovo Flash is 
a new CGM system for intermittently scanned monitoring 
with some unique features, such as a 14 days lasting sensor 
to be applied on the abdomen, a 36 months lasting reusable 
transmitter and frequency of glucose recording of 3 min. It 
is endowed of hypoglycemia and hyperglycemia threshold 
alarms and it has a smartphone app as a receiver (Iris Flash 
app). First Glunovo Flash generation (i3) needed two daily 
calibrations by capillary blood glucose, while the second 
generation (P3F), currently delivered, is factory calibrated. 
Preliminary unpublished data showed a mean absolute rela-
tive difference of nearly 10% (https://​www.a-​ps.​it/​wp-​conte​
nt/​uploa​ds/​2022/​01/​gluno​vo_​flash_​broch​ure_​2021_​EN.​
pdf.). The aim of this study was to evaluate the glycemic 
outcomes registered with the use of the Glunovo Flash CGM 
system and patients’ usage experience as compared to other 
devices routinely used for blood glucose monitoring (rtCGM 
or isCGM) in a cohort of patients with T1D.

Methods

To investigate the Glunovo Flash system performance in a 
clinical setting we designed an observational, prospective, 
single arm, single center study. Consecutive adult patients 
with T1D habitual CGM users on multiple dose insulin 
therapy or continuous subcutaneous insulin infusion were 
screened during regular diabetes care consultations at the 
Endocrinology Unit of the ASST-FBF-Sacco, Milan. Preg-
nancy, breastfeeding, acute inflammatory states, ongoing 
use of acetaminophen or documented allergic reaction to 
any glucose monitoring system material were considered 
exclusion criteria. The primary objective of the study was 
to the head-to-head comparison between glycemic outcomes 
registered by the Glunovo Flash system and other sensors 
(habitual CGM device, used as comparator). Secondary 
objective was the evaluation of patients’ experience and 
reactions to the new device. Eligible patients simultaneously 
used the Glunovo Flash system for 14 days (corresponding to 
the duration of the sensor) and the CGM comparator. They 
performed capillary blood glucose measurements depend-
ing on clinical need. Enrolled patients were trained to the 

technical use of the study sensor and to the exclusive clinical 
utilization of glucose data obtained from habitual devices. 
The study design (two different sensor worn simultane-
ously) did not allow validated questionnaires administration. 
Therefore, free comments of subjects were collected and 
ranked in order of frequency. Data were downloaded after 
two weeks of simultaneous utilization of the two sensors 
from dedicated platforms (Glunovo share, Dexcom Clarity, 
CareLink™ System and LibreView digital diabetes). The 
study was approved by local Ethical Committee and all the 
participants signed a consent form. Data are presented as % 
or mean ± SD. A sample t-test analysis has been performed 
for primary endpoint continuous variable. Correlation analy-
ses were performed using the Pearson correlation coefficient. 
All data analysis were performed with Graph-Pad Prism ver-
sion 8.0; GraphPad Software, Inc., San Diego, CA. Two-
tailed P values of less than 0.05 were considered statistically 
significant.

Results

Between June 2022 and June 2023, we screened 52 
patients and 45 expressed the intention to participate. 
Mean age was 49.5 ± 13.9 years, mean duration of diabe-
tes 19.9 ± 14.7 years, mean BMI 25.3 ± 3.7 Kg/m2, mean 
HbA1c 7.2 ± 0.9%. 10 cases were considered drop out for 
sensor wear shorter than 2 days because of technical issues, 
spontaneous removal by the patient or cutaneous reactions. 
Thirty-five subjects with these characteristics completed the 
study period of two weeks. Two patients were on continuous 
subcutaneous insulin infusion. Seven were habitual users of 
a rtCGM device (one Minimed Guardian 4, six Dexcom G6), 
twenty-eight of a isCGM device (fourteen Freestyle Libre 1, 
fourteen Freestyle Libre 2 with activated alarms).

Glycemic outcomes

Glunovo Flash data analysis of the whole cohort revealed 
(mean values) a glucose management indicator of 
7.0 ± 1.3%, time in range of 69.5 ± 22.7%, coefficient of vari-
ation of 31.3 ± 10.1%, time below range of 2.6 ± 3.7%, time 
above range of 27.5 ± 23.9. Subgroup analysis of rtCGM and 
isCGM users with comparison between Glunovo Flash and 
habitual sensor data are detailed in Table 1. A strong positive 
correlation was found between glucose management indica-
tor, time in range, time above range and time below range 
recorded by Glunovo Flash and isCGM comparator (Fig. 1). 
A positive correlation was also found between coefficient of 
variation. No correlation was found between glucose metrics 
recorded by Glunovo Flash and rtCGM comparator.

https://www.a-ps.it/wp-content/uploads/2022/01/glunovo_flash_brochure_2021_EN.pdf
https://www.a-ps.it/wp-content/uploads/2022/01/glunovo_flash_brochure_2021_EN.pdf
https://www.a-ps.it/wp-content/uploads/2022/01/glunovo_flash_brochure_2021_EN.pdf
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Patient perspectives

Most of patients felt no difference in sensor wear and expe-
rienced similar skin issues respect to the CGM comparator. 
Sensor duration, quality design, usability and alarm settings 
were considered positive features of Glunovo Flash system. 
On the other hand, patients reported a worse experience with 
system receiver app and some of them experienced fewer 
accuracy respect to the comparator. Spontaneous patients’ 
comments clustered in different items are listed and ranked 
by frequency in Table 2.

Discussion

This study evaluates the clinical performance of a novel inter-
mittently scanned continuous glucose monitoring system, the 
Glunovo Flash system, in patients T1D. Different studies have 
demonstrated that continuous glucose monitoring is a cost-
effective strategy in the management of T1D reducing diabe-
tes-related complications and hospitalization, and it will likely 
replace self-monitoring of blood glucose in near future [14–16]. 
Therefore, studies evaluating new CGM systems accuracy and 
usability are of particular interest. Glunovo real time CGM 

Fig. 1   Correlation analysis 
of data obtained with study 
sensor (Glunovo Flash) and 
isCGM Comparator. TIR (%) 
obtained with Glunovo system 
show direct correlation with 
TIR (%) obtained with isCGM 
comparator (A), as well as TBR 
(%) among the two systems 
(B), TAR (%) (C) and GMI (%) 
(D)  Abbreviations:  isCGM 
intermittent scanning Continu-
ous Glucose Monitoring, TIR 
Time In Range 70–180 mg/dL, 
TBR Time Below 70 mg/dL, 
TAR​ Time Above Range, GMI 
Glucose Management Indicator

Table 1   Study sensor data vs. 
other CGM devices

rtCGM user’s subgroup isCGM user’s subgroup

Glunovo Flash Comparator p Glunovo Flash Comparator p
N patients 7 7 28 28
Sensor wear (days) 10.4 ± 5.5 13.1 ± 1.4 ns 10.0 ± 5.0 12.4 ± 2.9 ns
Sensor use% 92.0 ± 3.6 93.4 ± 8.7 ns 86.3 ± 10.1 85.8 ± 17.4 ns
Mean glucose mg/dl 154.9 ± 35.5 160.4 ± 17.3 ns 157.3 ± 41.9 162.5 ± 38.0 ns
GMI% 7.0 ± 1.2 7.1 ± 0.4 ns 6.9 ± 1.4 7.3 ± 1.0 ns
TIR% 71.9 ± 20.4 62.8 ± 10.9 ns 68.8 ± 24.1 62.5 ± 22.7 0.04
TBRlev1% 2.0 ± 3.3 2.5 ± 1.8 ns 1.8 ± 2.1 3.0 ± 3.7 ns
TBRlev2% 0.2 ± 0.4 0.3 ± 0.5 ns 1.2 ± 2.2 0.96 ± 1.6 ns
CV% 31.6 ± 4.3 35.8 ± 3.2 ns 31.4 ± 11.5 33.5 ± 10.4 ns
Abbreviations: GMI glucose management indicator, TIR time in range 70–180&nbsp;mg/dl, TBRlev1 

time below range level 1 (< 70&nbsp;mg/dl), TBRlev2 time below range level 2 (< 54&nbsp;mg/dl), CV 
coefficient of variation
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(rt-CGM) performance has been evaluated in a multicenter 
accuracy study in patients with T1D and T2D, demonstrating 
a satisfying mean absolute relative difference over 14 days, 
with mean value of 10.30 ± 4.86% [17]. To date no studies on 
the Glunovo Flash system are present in literature, despite its 
current clinical use in some countries. In this study all patients 
were already using another CGM system and were asked to 
keep it while wearing the study sensor. We compared the glu-
cose metrics recorded by Glunovo Flash with those obtained 
by Abbott isCGM FreeStyle Libre 1 and Libre 2, Dexcom 
G6 rtCGM and Medtronic Guardian 4 rtCGM. As expected, 
most of the metrics did not differ between the study sensor and 
comparators. Surprisingly, mean time in range (70–180 mg/
dL) resulted significantly higher with the novel studied sensor 
respect to isCGM comparator and not statistically but clinically 
higher respect to rtCGM. Nevertheless, a strong correlation was 
found between the time in range values of study sensor and 
isCGM comparator, as well as time below range, time above 
range and glucose management indicator (Fig. 1). No correla-
tion was found comparing time in range of study sensor with 
rtCGM, likely for the small size of the group considered (7 
subjects). These results point out the need of further investigate 
and compare different systems performance in larger cohorts 
of patients, to give an exhaustive interpretation to these data. 
To date there are few head-to-head studies comparing isCGM 
and rtCGM systems used simultaneously in the same patients 
[18]. Accuracy data with comparison between sensor read-
ings and standardized reference (i.e., Yellow Springs Instru-
ment) are also needed. Besides objective comparisons, we also 
investigated patients’ personal experience and perception with 
the system, as they constitute a key factor for the subsequent 
therapeutic adherence [12]. Altogether, patients felt no differ-
ences in sensor wearing, with almost similar skin issues respect 
to the CGM comparator. About 9% of subjects experienced 
skin issues, but no major adverse skin reactions were reported. 
Among patients complains, some reported a worse experience 
with the Glunovo Flash app receiver respect to the comparator 
ones in terms of frequent transmitter signal losses or difficulties 

in sensor-transmitter matching. On the other hand, sensor dura-
tion of 14 days, alarm settings for hypo- and hyper-glycemia 
thresholds, frequent glucose values recordings and quality 
design were considered positive features. Regarding perceived 
accuracy, 5 of the 38 patients who completed the study expe-
rienced fewer accuracy respect to the comparator. This could 
happen with all CGM systems and patients should be trained to 
give right interpretation to such discrepancies. Strengths of the 
study are the homogeneity of the sample of subjects enrolled, 
the simultaneous utilization of two CGM systems and its real-
life setting. Limitations include a rather low number of patients 
enrolled and short follow-up. In conclusion, Glunovo system 
seems to be a reliable isCGM device for patients with diabetes 
showing a good performance correlation with the most used 
isCGM. Some data discordance about Time In Range must be 
further investigated in larger studies and correlated to accuracy 
data. Patients’ issues should be traced and recorded by the digi-
tal diabetes platforms according to international guidelines [19].
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Table 2   Patients’ spontaneous 
comments on study sensor, 
respect to habitual sensor

Items Description Frequency (rate)

Receiver app issues Need to reinstall in the first 24 h 5/35 (14%)
Signal loss 5/35 (14%)
Application conflict 4/35 (11%)

Accuracy concerns Glucose values underestimated 3/35 (8%)
Glucose values overestimated 2/35 (6%)
Better perceived accuracy 1/35 (3%)

Skin tissue reactions Allergy 2/35 (6%)
Little granuloma after sensor study removal 1/35 (3%)

Usability System ease of use 7/35 (20%)
Worse wear comfort 3/35 (8%)
Better wear comfort 1/35 (3%)
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