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Abstract

Background: Continuous glucose monitoring systems have been widely used

but discrepancies among various brands of devices are rarely discussed. This

study aimed to explore differences in glycemic metrics between FreeStyle Libre

(FSL) and iPro2 among adults with type 1 diabetes mellitus (T1DM).

Methods: Participants with T1DM and glycosylated hemoglobin of 7%–10%
were included and wore FSL and iPro2 for 2 weeks simultaneously. Datasets

collected on the insertion and detachment day, and those with insufficient

quantity (<90%) were excluded. Agreements of measurement accuracy and

glycemic metrics were evaluated.

Results: A total of 40 498 paired data were included. Compared with the values

from FSL, significantly higher median value was observed in iPro2 (147.6 [106.2,

192.6] vs. 144.0 [100.8, 192.6] mg/dl, p < 0.001) and the largest discordance was

observed in hypoglycemic range (median absolute relative difference with iPro2

as reference value: 25.8% [10.8%, 42.1%]). Furthermore, significant differences in

glycemic metrics between iPro2 and FSL were also observed in time in range

(TIR) 70–180 mg/dl (TIR, 62.8 ± 12.4% vs. 58.8 ± 12.3%, p = 0.004), time spent

below 70 mg/dl (4.4 [1.8, 10.9]% vs. 7.2 [5.4, 13.3]%, p < 0.001), time spent below

54 mg/dl (0.9 [0.3, 4.0]% vs. 2.6 [1.3, 5.6]%, p = 0.011), and coefficient of varia-

tion (CV, 38.7 ± 8.5% vs. 40.9 ± 9.3%, p = 0.017).

Conclusions: During 14 days of use, FSL and iPro2 provided different estima-

tions on TIR, CV, and hypoglycemia-related parameters, which needs to be

considered when making clinical decisions and clinical trial designs.
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Highlights

• The accordance between the paired dataset between FSL and iPro2 was

acceptable but poorer in hypoglycemic range.

• Significant differences for glycemic metrics between iPro2 and FSL were

observed in time in range 70–180 mg/dL, coefficient of variation, and hypo-

glycemia-related parameters (including time below range 54 mg/dL and

70mg/dL).

• The study reminded us when using the CGM for clinical decisions and clini-

cal trials, it is necessary to consider the model heterogeneity.

1 | INTRODUCTION

Looking through the history of diabetes management,
diabetes technologies have progressed significantly and
played a vital role for patients and caregivers in modern
society. The continuous glucose monitoring (CGM)
systems, recording the interstitial fluid glucose every 5–
15 mins and thus generating the glucose profiles, have
been accepted gradually and widely used worldwide. As
reported in the Type 1 Diabetes Exchange Registry study,
the number of CGM users rose from 7% in 2010–2012 to
30% in 2016–2018 in the United States.1 Since 2017, the
CGM has been recommended to use in conjunction
with insulin therapy among patients with type 1 diabetes
mellitus (T1DM).2

With the large amounts of CGM data collected, the gly-
cemic metrics generated from CGM data such as time in
range (TIR) 70–180 mg/dl, time below range (TBR)
<70 mg/dl, time above range (TAR) >180 mg/dl, and gly-
cemic variability are of great importance for the assessment
of glycemic control and complications management.3

Therefore, accuracy and reliability in CGM devices had a
great priority in enabling authentic benefits and safety.
Nowadays, there are various brands of CGM devices on the
market, but their features are heterogeneous, including the
time intervals of data collection and the calibration
methods. Besides, published evidence had also shown that
heterogeneity of accuracy in different kinds of devices is
large with the mean absolute relative difference (ARD) of
9.9% in professional iPro2, 8.5%–13.0% in real-time CGM
systems, and 10.7%–11.4% in FreeStyle Libre (FSL), espe-
cially in the hypoglycemic range.4–8 With the potential
brand-to-brand differences in glucose levels, whether the
recommended device-derived metrics were also affected
was unknown.

Previous studies have assessed the CGM metrics
derived from different brands of CGM devices,9–11 but few
had been conducted between the professional CGM and
intermittently scanned CGM systems,12 both of which are
devices frequently used in the clinical outpatient visits.

Furthermore, evidence had indicated that the longer dura-
tion of glucose data analyzed could provide better estima-
tions of glycemic metrics. Most of these previous studies
used the 7-day CGM data instead of the currently recom-
mended 14-day duration.13 Therefore, in this study, we
used 14 days of glucose data collected from two parallel
worn CGM systems (FSL and iPro2) in the registered clini-
cal trial and evaluated their accordance in measurement
accuracy and glycemic metrics.

2 | MATERIALS AND METHODS

2.1 | Subjects

All data used in the article were obtained from an open-
label, randomized clinical trial (NCT03522870) that was
described in the previous article,14 and the glucose data
collected from the intervention group during the follow-
up period at weeks 12–14 and week 24–26 were analyzed
in the present study (Figure 1). Adult patients (≥18 years)
with T1DM, glycosylated hemoglobin (HbA1c) 7%–10%,
and multiple daily injections or continuous subcutaneous
insulin infusion therapy were recruited. The main exclu-
sion criteria were the use of any CGM system 3 months
before study entry, known allergy to medical-grade adhe-
sives or CGM devices and its affiliated components, and
being pregnant or planning pregnancy. This trial was
approved by the Ethics Committee of the Third Affiliated
Hospital of Sun Yat-sen University (approval number:
[2017] 2–5) and was accordant with the Declaration of
Helsinki. All subjects were given oral explanations and
written informed consent.

2.2 | Experimental procedure and data
collection

During the follow-up period, all patients wore the FSL and
iPro2 simultaneously for the consecutive 2 weeks (equal to
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one FSL sensor and two Sof-sensors). The sensors were
implanted into the subcutaneous tissues of the upper arms
on the same or opposite side, without preference. During
the 2 weeks, patients still intermittently scanned the FSL
sensor but were additionally required to test the finger-stick
blood glucose ≥3 times per day for calibrations of the simul-
taneously wearing iPro2 using the blood glucose meter
(Bayer®; Bayer Consumer Care AG). All device-related
adverse events described previously were recorded.15 Both
sensors were detached after 14 days and glucose data were
downloaded via the respective software. Demographic and
anthropometric data, including body mass index, were col-
lected on the day of insertion via the case report forms.

2.3 | Data analysis

2.3.1 | Data processing

Datasets with sufficient available quantity (≥90%) were
included in the analysis. Data collected on the day of sen-
sor insertion and detachment were removed because of
the less stable performance reported previously.16 The
accordance and correlations between the two devices
were analyzed based on the paired data sets. The value
from the FSL was matched with the closest iPro2 value
from within the setting lag time of 2.5 min. The pairs
with the sensor value exceeding the highest threshold in
iPro2 (400 mg/dl) were removed. The value of self-
monitoring of blood glucose (SMBG) was matched with
the closest paired data with the lag time <7.5 min.

2.3.2 | Performance analysis

Performance analysis of devices was assessed via the
following statistical methods with paired data: (a) absolute
difference (AD) and ARD. The AD and ARD against
the SMBG value were determined as follows: AD
(mg/dl) = jCGM � SMBGj, ARD (%) = (jCGM � SMBGj)/
SMBG � 100. To directly compare FSL and iPro2, the
discordances between FSL and iPro2 were also calculated

as follows: AD (mg/dl) = jFSL � iPro2j, ARD (%) =

(jFSL � iPro2j)/ iPro2 � 100. (b) Parkes error grid. Parkes
error grid was divided into five zones based on estimated
clinical risks, with glucose data falling into Zone A and B
and thus representing little or no effect on clinical practice.17

2.3.3 | Calculation of clinical metrics

Glycemic metrics were calculated via Glyculator 2.0 soft-
ware using unpaired data.18 The day and night periods were
set as 06:00–24:00 and 00:00–06:00. According to the recom-
mendations of International Consensus,19 the following
metrics were analyzed: (a) euglycemia: TIR 70–180 mg/dl;
(b) hypoglycemia: TBR (defined as range <70 or <54 mg/dl)
and low blood glucose index (LBGI)20; (c) hyperglycemia:
TAR (defined as range >180 or >250 mg/dl) and high blood
glucose index (HBGI)20; and (d) glycemic variability: SD,
coefficient of variation (CV), mean amplitude of glucose
excursion, and mean of the daily differences.21 The LBGI
and HBGI are usually used to quantify the risk of hypo- and
hyperglycemia and are shown to be predictive of meaning-
ful glycemic events.20,22

2.4 | Statistics

Data were presented as means ± SD with normal distri-
butions and medians (interquartile range) with nonnor-
mal variables. The correlation between the two systems
was tested via R2 calculated in linear regression models.
Pairwise comparisons of medians between the paired glu-
cose readings derived from SMBG, FSL, and iPro2 were
performed using related samples Wilcoxon signed-rank
test. For the comparisons of glycemic metrics, paired-
samples t test and related-samples Wilcoxon signed-rank
test were used for normal distributions parameters and
nonnormally distributed parameters, respectively. All sta-
tistical analyses used SPSS version 23 software (SPSS Inc.,
Chicago, IL, USA), and p < 0.05 was considered statisti-
cally significant. The Parkes error grid was done using
Matlab 2014 software.

FIGURE 1 Flow chart of the

trial with 12–14 and 24–26 weeks

data sets extracted and analyzed in

this study. The data analyzed in this

study were collected from the

intervention group during the follow-

up period at week 12–14 and week

24–26. FSL, FreeStyle Libre; SMBG,

self-monitoring of blood glucose.
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3 | RESULTS

3.1 | Participants and CGM performance

From May 2018 to November 2020, a total of 44 datasets
were collected from 27 patients with 26 datasets collected
in week 12–14 and 18 datasets collected in week 24–26.
As presented in Table 1, the median age was 29.8 (21.2,
36.2) years, with a median duration of diabetes 10.0 (6.2,
13.9) years and a mean HbA1c level of 7.5 ± 0.7%. The
mean duration of available datasets analyzed in this
study was 9.6 ± 2.1 days.

3.2 | Agreement of the paired values
from SMBG, iPro2, and FSL

Taking the SMBG value as the reference, there were a total
of 1408 SMBG-iPro2-FSL paired data sets retracted. The
overall correlation between the two devices and SMBG
values was satisfactory (iPro2, R2 = 0.89; FSL, R2 = 0.81).
Compared with the overall median of SMBG values (147.6
[102.6, 198.0] mg/dl), the median of FSL values was signifi-
cantly lower (142.2 [97.2, 196.2] mg/dl, p < 0.001),
whereas the difference between the SMBG and iPro2
values was not significant. The median ARD for FSL was
significantly higher than that for iPro2 (9.0% [3.5, 19.5]
vs. 7.5% [2.9, 15.3]; p < 0.001). When stratifying glucose
values based on the different SMBG ranges, the highest
median ARD was observed in the hypoglycemia group
(iPro2, 15.2% [5.3, 28.1]; FSL, 19.4% [6.1, 31.3]; Table 2).

3.3 | Discordances in glycemic values
between iPro2 and FSL

Among the total of 40 498 paired datasets between iPro2
and FSL, the correlation between the two devices was
less satisfactory but still acceptable (R2 = 0.74,
p < 0.001). The overall median AD and ARD between
the two devices were 18.0 (9.0, 34.2) mg/dl and 13.1 (6.0,
24.3)%, respectively (Table 3). Compared with the values

TABLE 1 Characteristics of patients included in the analysis

Characteristics

Age (years) 29.8 (21.2, 36.2)

Male/female 10/34

Duration (years) 10.0 (6.2, 13.9)

BMI (kg/m2) 21.2 (20.0, 23.1)

HbA1c (%) 7.5 ± 0.7

Hemoglobin (g/L) 133.2 ± 12.5

MDI (n/%) 29 (65.9)

CSII (n/%) 15 (34.1)

Daily insulin dosage (IU/kg/day) 0.7 (0.6, 0.8)

Abbreviations: BMI, body mass index; CSII, continuous subcutaneous

insulin infusion; IU, international units; MDI, multiple daily injection.

TABLE 2 Differences between the respective pairwise glucose values from SMBG, iPro2, and FSL

SMBG iPro2 FSL

Overall N 1408

Values (mg/dl) 147.6 (102.6, 198.0) 147.6 (104.9, 194.4) 142.2 (97.2, 196.2)*

AD (mg/dl) — 10.8 (3.6, 19.8) 12.6 (5.4, 25.2)

ARD (%) — 7.5 (2.9, 15.3) 9.0 (3.5, 19.5)

Hypoglycemia N 95

Values (mg/dl) 61.2 (57.6, 64.8) 64.8 (55.8, 73.8)* 55.8 (41.4, 64.8)*

AD (mg/dl) — 9.0 (3.6, 18.0) 10.0 (3.6, 18.0)

ARD (%) — 15.2 (5.3, 28.1) 19.4 (6.1, 31.3)

Euglycemia N 857

Values (mg/dl) 122.4 (97.2, 151.2) 124.2 (100.8, 151.2)* 118.8 (91.8, 149.4)*

AD (mg/dl) — 10.8 (3.6, 19.8) 10.8 (5.4, 23.4)

ARD (%) — 8.7 (3.5, 17.0) 9.8 (3.8, 20.4)

Hyperglycemia N 456

Values (mg/dl) 225.0 (199.8, 257.4) 221.4 (194.4, 253.8)* 219.6 (192.6, 255.6)*

AD (mg/dl) — 10.8 (3.6, 23.4) 16.2 (7.2, 37.8)

ARD (%) — 4.8 (1.9, 9.7) 7.0 (2.9, 16.2)

Abbreviations: AD, absolute difference; ARD, absolute relative difference; FSL, FreeStyle Libre; SMBG, self-monitoring of blood glucose.

*Means p < 0.05, compared with the values from the device and from SMBG.
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from FSL, the significantly higher median glucose value
was observed in iPro2 (147.6 [106.2, 192.6] vs. 144.0
[100.8, 192.6] mg/dl; p < 0.001). When stratifying glucose
ranges based on the iPro2 values, the largest discordance
was observed in the hypoglycemia group (median ARD
with iPro2 as reference value: 25.8 [10.8, 42.1]%) whereas
the values were more accordant in the euglycemia and
hyperglycemia groups (median ARD with iPro2 as refer-
ence value: 14.0 [6.5, 25.6]% and 10.3 [4.7, 18.9]%, respec-
tively). Parkes error grid analysis was also performed in
the paired data sets (Figure S1). A total of 98.1% paired
FSL-iPro2 values fell within Zones A and B and there
were 1.6% and 0.3% of paired values falling within Zones
C and D.

3.4 | Discrepancies of the CGM metrics
between the two devices

For the unpaired glucose readings collected from FSL
and iPro2, there were a total number of 44 399 and
133 366 sensor readings used for the calculation of glyce-
mic metrics respectively. Overall, significant differences
were observed in TIR, hypoglycemic metrics, and
CV. Compared with the metrics in iPro2, TIR was signifi-
cantly lower in FSL group (58.8 ± 12.3% vs. 62.8 ± 12.4%,
difference: �4.0 [95% confidence interval (CI) = �6.7 to
�1.4]%; p = 0.004). The hypoglycemic metrics, including
TBR < 54 mg/dl, TBR < 70 mg/dl and LBGI, were all sig-
nificantly higher in FSL group, with the differences of 2.1

(95% CI = �0.5 to 3.7)%, 3.7 (95% CI = �1.6 to 5.8)% and
0.9 (95% CI = �0.3 to 1.5)% respectively (TBR < 54 mg/
dl: 2.6 [1.3, 5.6]% vs. 0.9 [0.3, 4.0]%; TBR < 70 mg/dl: 7.2
[5.4, 13.3]% vs. 4.4 [1.8, 10.9]%; and LBGI: 1.7 [1.4, 3.1]
vs. 1.1 [0.5, 2.8]; p < 0.05, all). In addition, significantly
higher CV in FSL group was also observed (40.9 ± 9.3
vs. 38.7 ± 8.5%, p = 0.017). Differences in other glycemic
metrics were not observed between the two devices.

Data in daytime and nighttime were also analyzed
respectively. As shown in Table 4, differences in hypo-
glycemic metrics in the respective periods were both sig-
nificant with the higher ones in the FSL group and the
differences were extremely high in the nighttime with
3.8% in TBR < 70 mg/dl and 3.2% in TBR < 54 mg/dl.
Besides, in the daytime, TIR was also lower in the FSL
group (58.5 ± 11.7 vs. 63.0 ± 11.9%, p = 0.002) and CV
was significantly higher, whereas in the nighttime both
of these metrics were similar (p > 0.05). Of note, in the
nighttime, beyond the differences in hypoglycemia,
the mean glucose values and the TAR > 250 mg/dl in
the FSL group were significantly lower (p <0.05
for both).

4 | DISCUSSION

Nowadays, multiple brands of CGM have been put into
clinical use but the consensus provides the same uniform
rules for all devices.3,19 Therefore, whether the clinical
performance of brands is similar is necessary to be

TABLE 3 Median AD and ARD

between paired readings derived from

two devices

iPro2 FSL

Overall N 40 498

Values (mg/dl) 147.6 (106.2, 192.6)* 144.0 (100.8, 192.6)

AD (mg/dl) 18.0 (9.0, 34.2)

ARD (%) 13.1 (6.0, 24.3)

Hypoglycemia N 2654

Values (mg/dl) 57.6 (48.6, 64.8)* 59.4 (43.2, 77.4)

AD (mg/dl) 14.4 (5.4, 25.2)

ARD (%) 25.8 (10.8, 42.1)

Euglycemia N 25 531

Values (mg/dl) 127.8 (102.6, 153.0)* 122.4 (93.6, 154.8)

AD (mg/dl) 18.0 (7.2, 30.6)

ARD (%) 14.0 (6.5, 25.6)

Hyperglycemia N 12 313

Values (mg/dl) 219.6 (196.2, 253.8)* 214.2 (185.4, 248.4)

AD (mg/dl) 23.4 (10.8, 43.2)

ARD (%) 10.3 (4.7, 18.9)

Abbreviations: AD, absolute difference; ARD, absolute relative difference; FSL, FreeStyle Libre.

*Means p < 0.05, compared with the values from the two devices.
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discussed. In our study, two commercially available CGM
systems indicated for nonadjunctive use were tested in
parallel for 14 days to evaluate the accordance in metrics
among adult patients with T1DM. The results showed
that the agreement between the two devices was accept-
able but there were still significant differences especially
in the hypoglycemic and target range.

Metrics in conjunction with HbA1c for glycemic con-
trol assessment are of great importance.23 The TIR is one
of the most meaningful indexes for clinical glycemic con-
trol and the assessment of the risk of diabetic complica-
tions because of its advantages in straightforward
definitions and easy calculation methods.24–27 In this
study, even though accuracy of the two devices in the
euglycemic range was acceptable and the correlation
among the paired iPro2-FSL data sets was high, the met-
rics calculated in the respective whole data sets were sig-
nificantly different. The reason for this deviation might
be the time interval of data collection. As reported in the
previous studies, there was a physiological time delay for
the glucose assessment because CGM systems measured
glucose levels in the interstitial fluid in the subcutaneous
adipose tissue instead of directly in the blood.28 Even
under reproducible experimental conditions and inde-
pendent of a specific CGM system, there was still great
variability in the time delay between individual subjects.
Therefore, as the time intervals were two times longer in
the FSL group than that in iPro2, the smaller datasets col-
lected in FSL might increase the random bias, which fur-
ther reduced the accuracy and reliability for the related
clinical metrics. Furthermore, with the time interval of
data collection potentially influencing the clinical met-
rics, whether the large glycemic fluctuation influenced
the accordance of clinical metrics between the two
devices should be further discussed.

Time spent in the hypoglycemic range, including the
TBR < 54 mg/dl and TBR < 70 mg/dl, were also vital
metrics in clinical practice as reduction in hypoglycemia
could help reduce acute damage, risk of death, and
decline in cognitive function.29–32 In this study, of note,
regardless of the collection time period, the differences in
hypoglycemic metrics between the two devices were all
significant. In Table 3, the discordance of glucose values
in the extracted pairs of data sets between iPro2 and FSL
was also observed. Furthermore, different from the
deduction in the TIR deviation, these discordances in
hypoglycemic range in our study might be largely due to
the accuracy of the data collection. In our study, as pre-
sented in Table 2, taking SMBG as reference, the median
ARD in the hypoglycemic group was significantly lower
for iPro2, implying the FSL might underperform in hypo-
glycemic range. Besides, the performance of CGM devices

in the hypoglycemic range had also been criticized.33 In
most published studies assessing the accuracy, the
median ARD in the hypoglycemic range was usually
exceeding the acceptable value of 20%. Therefore, with
lower performance of the devices in the hypoglycemic
range, the related clinical metrics could be less reliable,
which indicated that the application of devices in clinical
trials should consider the models especially those asses-
sing the hypoglycemia. Furthermore, the next generation
of the CGM systems should improve their performances
in hypoglycemia.

Similar results discussing in the measurement
accuracy between FSL-pro and iPro2 had been
reported by Kumagai et al whereas our study expanded
the analysis on discrepancies in glycemic metrics,34

which is more straightforward and practical in clinical
practice. This is also highlighted in the findings in our
study, which could remind us of a further consider-
ation on the model heterogeneity. Besides, when dis-
cussing the accuracy, the wider range of glucose levels
reported in our study instead of concentrating mostly
on hyperglycemia (>250 mg/dl) in Kumagai et al's
work might be more rationale and reliable. There were
also several limitations in our study. First, even though
the point of care was used as the reference value in our
study, but the testing numbers might be inadequate,
especially in the hypoglycemic range. This might be
less reliable for the performance assessment and clini-
cal metrics calculation. Second, the highest threshold
between the two devices was different with only
400 mg/dl in the iPro2 system and 500 mg/dl in FSL.
The discordance in the glucose threshold might result
in the underestimation of the clinical metrics in iPro2,
such as the mean/median glucose levels and so
on. Third, the two devices were worn on different
arms, which might also result in different glucose
values.35

In the 14-day wearing of different CGM systems
simultaneously, even both datasets highly correlated with
the SMBG values, FSL, and iPro2 provided different esti-
mations on TIR, CV, and hypoglycemia-related parame-
ters, which reminded us of a further consideration of the
model heterogeneity when making clinical decisions and
clinical trial designs.
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