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Abstract

Background: FIND, the global alliance for diagnostics, identified the nonmarket-approved continuous glucose monitoring
(CGM) system, FiberSense system (FBS), as a potential device for use in low- and middle-income countries. Together with
two market-approved, factory-calibrated CGM systems, namely, the FreeStyle Libre 2 (FL2) and the GlucoRx AIDEX (ADX),
the FBS was subjected to a clinical performance evaluation.

Methods: Thirty adult participants with type | diabetes were enrolled. The study was mainly conducted at home, with three
in-clinic sessions conducted over the study period of 28 days. Comparator measurements were collected from capillary
samples, using a high-quality blood glucose monitoring system.

Results: Data from 31, 70, and 78 sensors of FBS, FL2, and ADX, respectively, were included in the performance analysis.
The mean absolute relative differences between CGM and comparator data for FBS, FL2, and ADX were 14.7%, 9.2%, and
21.9%, and relative biases were —2.1%, —2.5%, and —18.5%, respectively. Analysis of individual sensor accuracy revealed low,
moderate, and high sensor-to-sensor variability for FBS, FL2, and ADX, respectively. Sensor survival probabilities until the
end of sensor life were 47.2% for FBS (28 days), 71.3% for FL2 (14 days), and 48.4% for ADX (14 days).

Conclusions: The results of FBS were encouraging enough to conduct further performance and usability evaluations in a
low- and middle-income country. The results of FL2 mainly agreed with existing studies, whereas ADX showed substantial
deviations from previously reported results.
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Introduction through its website, social media, and shared it with compa-
nies developing potential products.* Requirements for those
products included the previous demonstration of basic per-
formance and safety, a planned product launch in the next
two years, and a lack of regulatory approval. The first phase

The use of continuous glucose monitoring (CGM) technol-
ogy in diabetes management has drastically increased in
recent years due to the technology’s positive impact on gly-
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dle-income countries (LMICs) is lacking because of its rela- 2FIND, Geneva, Switzerland
tively high costs.> To accelerate the availability of CGM
technology in LMICs, FIND, the global alliance for diagnos- ~ Corresponding Author:
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. Forschungs- und Entwicklungsgesellschaft mbH an der Universitat Ulm,
development to conduct an independent performance evalu- Lise-Meitner-Str. 812, 89081 Ulm, Germany.
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of the FIND project was a clinical CGM performance study,
evaluating the accuracy, reliability, and safety of the products
in adults with type 1 diabetes in a high-income country set-
ting, the results of which are reported in this article.

The proposals submitted by manufacturers went through
the FIND review process, conducted by a team of four
reviewers (two external and two internal reviewers). The
proposals were assessed and partner manufacturers were
selected in a process that was designed to be objective, inde-
pendent, and transparent. At the end of this process, one
device, the FiberSense CGM system (FBS; EyeSense GmbH,
GroBostheim, Germany),>® was chosen for the initial perfor-
mance study. As the results of such studies can be highly
dependent on study design, and to facilitate the interpretabil-
ity of results, two market-approved devices were tested in
parallel. In particular, the widely adopted FreeStyle Libre 2
CGM system (FL2; Abbott Diabetes Care, Alameda, CA,
United States) and the novel GlucoRx AIDEX CGM system
(ADX; MicroTech Medical Co., Ltd., Hangzhou, China)
were chosen because of their comparatively low costs in
high-income settings and a lack of manufacturer-indepen-
dent performance assessment in the scientific literature.”

Methods
Study Design

This prospective, explorative, open-label, monocenter clini-
cal study was performed following the Declaration of
Helsinki, Good Clinical Practice, and local laws and regula-
tions at the Institut fiir Diabetes-Technologie, Forschungs-
und Entwicklungsgesellschaft mbH an der Universitdt Ulm
in Ulm, Germany, between July and October 2022. The study
protocol was approved by the responsible ethics committee
at the Landesérztekammer Baden-Wiirttemberg, and all par-
ticipants gave written informed consent prior to any study
procedures.

Participants aged =18 years with clinically diagnosed
type 1 diabetes for at least one year and an HbAlc <10%
were included if none of the exclusion criteria were met. The
main exclusion criteria were hypoglycemia unawareness or
severe hypoglycemic events within three months prior to
study start, severe illnesses or infectious diseases, pregnancy
or breast feeding, and skin issues.

In accordance with the explorative nature of this study
and the examination of an unapproved device, a study popu-
lation of 30 participants was deemed to be an adequate sam-
ple size.

Role of Funding Source

FIND, through funding support from Bundesministerium fiir
Bildung und Forschung (BMBF) and Kreditanstalt fiir
Wiederaufbau (KfW), supported the selection and procure-
ment of study devices; the study design, evaluation, and

reporting were done in concordance with the named FIND
authors of this study.

Study Devices

This clinical performance evaluation was conducted on the
FiberSense CGM system (FBS; EyeSense GmbH,
GroBostheim, Germany) as primary investigational device,
as well as the FreeStyle Libre 2 CGM system (FL2; Abbott
Diabetes Care, Alameda, CA, United States) and the GlucoRx
AIiDEX CGM system (ADX; MicroTech Medical Co., Ltd.,
Hangzhou, China) as secondary investigational devices. The
three systems were used by all participants simultaneously.

The FBS has a specified sensor runtime of up to 28 days
and makes use of a photometric glucose measurement prin-
ciple.’ The sensor is connected to a separate and reusable
transmitter, which had to be disconnected and recharged
multiple times during use. During the study, the transmitter
transferred the raw sensor data to a smartphone running a
dedicated application for data recording, with the real-time
display of glucose levels switched off. After the study had
ended, the glucose levels were generated from the recorded
data by the manufacturer. For that, the manufacturer was pro-
vided with the raw data and specific glucose measurements
for calibrations: one measurement per day in the morning, as
well as one and two hours after sensor insertion, and one
after each recharging of the transmitter. According to the
manufacturer, the algorithm was applied prospectively, thus
simulating user-entered, real-time calibrations. In accor-
dance with the requirements of FIND, the system was not
Conformité Européenne (CE)-marked at the time of study
conduct and all devices used in the study were provided by
the manufacturer through FIND.

Both FL2 and ADX have a specified sensor runtime of up
to 14 days, are CE-marked, based on an enzymatic measure-
ment principle, and employ factory-calibration. In case of
ADX, the transmitter is reusable and user-entered calibra-
tions are possible, but this feature was not used by the par-
ticipants during the study. The FL2 were acquired from the
manufacturer. The ADX were procured from its European
distributor GlucoRx (GlucoRx Ltd., Guildford, UK).

All systems were used according to their respective man-
ufacturer’s instructions and no therapeutic decisions were
based on their measurements. While the sensors of all three
systems were worn on the upper arm, FBS and ADX sensors
can also be worn on the abdomen. Furthermore, the study
staff received specific training on device use by the manufac-
turers personally or by online training.

Comparator Measurements

For the assessment of CGM performance, capillary blood
comparator measurements were performed with the glucose
dehydrogenase-based blood glucose monitoring system
(BGMS) Contour Next One (CNO; Ascensia Diabetes Care
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GmbH, Basel, Switzerland). The BGMS measurements were
performed in duplicate based on a specific schedule (see
“Study Procedures” section) and the characteristics of their
distribution were analyzed. To assess the compliance of the
BGMS with recently proposed analytical performance speci-
fications for glucose comparator measurements in CGM per-
formance studies,’” up to five capillary reference
measurements with a hexokinase-based laboratory analyzer
(Cobas Integra 400 plus, Roche Diagnostics GmbH,
Mannheim, Germany) were performed in every participant
throughout the study period. The accuracy of the laboratory
analyzer was validated through regular external and internal
quality checks as well as multiple measurements of glucose
reference material of higher order at four concentrations
(SRM 965b, National Institute of Standards and Technology,
Gaithersburg, MD, USA) throughout the study period.

The participants were instructed to scan the FL2 sensor
with every comparator blood glucose (BG) measurement to
obtain a scanned measurement value.

Study Procedures

The experimental part of the study had a duration of 28 days,
divided into 23 home-use days and five in-clinic days, spread
over three distinct sessions, where the majority of time was
spent under supervision at the study site. At the beginning of
the study, participants were physically examined and demo-
graphic data were recorded. Furthermore, participants were
trained on device use by the study staff and, throughout the
study, participants followed their current therapy.

On the first study day, the participants applied one sensor
of each device to their upper arms (side at their preference)
under the supervision of study staff. On study days, 2, 11,
and 28, which were spent in-clinic, a 5-hour frequent sam-
pling period (08:00-13:00 hours) was scheduled, which
involved capillary BG measurements every 15 * 5 minutes
after consumption of a standardized breakfast. After that, BG
measurements were performed every 30 minutes until 17:00
hours. During the remaining two in-clinic days, which were
partially spent at the study site, measurements were per-
formed every 30 minutes (day 12, 08:00-12:00 hours) or
every hour (day 1, 10:00-22:00 hours). On home-use days,
participants were instructed to perform BGMS measure-
ments at least eight times a day or more: after waking up,
before and one hour after each main meal (breakfast, lunch,
and dinner), and before going to bed. The FBS sensors could
be replaced if they failed within the first two study days. To
cover the complete study duration of 28 days and maximize
the time during which all three systems were used simultane-
ously, sensors of FL2 and ADX could be replaced after their
runtime had ended or if a sensor failure occurred. The par-
ticipants were allowed to replace the failed sensors of FL2
and ADX themselves at the physician’s discretion. The safety
of the CGM systems was assessed by documenting adverse
events related to the examined CGM systems.

Data Analysis

The CGM data affected by deviations from the study protocol
or device deficiencies were excluded from the performance
analysis. Furthermore, comparator BGMS measurements
were excluded if the second value in a duplicate differed by
more than =10 mg/dL or more than =10% from the first one,
whichever was larger.

Accuracy evaluation was based on paired CGM-
comparator data points. In accordance with the data record-
ing intervals of FBS and ADX of two and five minutes,
respectively, only valid CGM values recorded simultane-
ously or within the following one and four minutes, respec-
tively, of a valid BGMS measurement were paired for
subsequent performance analyses. In accordance with a pre-
vious publication assessing FL2 performance,® only results
from scanned measurements were used for the analysis.
Here, values were paired if they were obtained within *3
minutes of a valid BGMS measurement.

CGM point accuracy was assessed using the recently pro-
posed Continuous Glucose Deviation Interval and Variability
Analysis (CG-DIVA), which characterizes the deviations of
CGM measurements in different BG ranges as well as the
variability in accuracy between sensors of the same CGM
system.!" Furthermore, the mean absolute relative differ-
ences (MARDs) and agreement rates (ARs) between CGM
and comparator pairs were calculated. In particular, the ARs
were calculated as the percentage of CGM values within
*£15%/20%/40% of the comparator BG value for BG levels
=100 mg/dL or within *15/20/40 mg/dL for BG levels
<100 mg/dL."> Two-sided 95% confidence intervals (CIs) of
MARDs and ARs were determined using a recently proposed
clustered bootstrap method. '

The sensor stability was assessed by calculating MARD
values on each study day, limited to sensors inserted on the
first study day. This was done to ensure that the same condi-
tions, in particular duration and order of home and in-clinic
use, were the same within each of the CGM systems.

Trend accuracy, that is, the ability of a CGM system to
correctly indicate the rate of change (RoC) of BG levels,
was assessed using the rate error grid analysis (R-EGA).'*
The R-EGA assigns every pair of comparator and CGM
RoCs to risk zones A to E, depending on their difference.
Very similar to the error grid analysis for point accuracy,
zones A and B of the R-EGA indicate very small or benign
errors. Zone C indicates rapid CGM RoCs but slow BG
RoCs, which could lead to overcorrection in insulin dosing
or food intake; zone D indicates rapid BG RoCs that are not
detected by the CGM system; and zone E indicates CGM
RoCs that are opposite to the comparator RoC. The com-
parator RoCs were calculated from subsequent BGMS
measurements during the frequent sampling periods (time
difference =20 min) and the corresponding CGM RoCs
were determined using a linear regression approach recom-
mended in the POCTO5 guideline.'?
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The CGM sensor survival was analyzed using the Kaplan—
Meier approach,'® whereas CGM system failures were clas-
sified into device malfunctions, adhesive failures, and user
errors (not counted as failures).

Results

Participant Population and Data Exclusions

In this study, 30 adult participants with type 1 diabetes
were included and all participants completed the study.
One sensor of FBS was replaced on study day 2; for FL2
and ADX, a maximum of four sensors were worn consecu-
tively by the same participant. Detailed demographic
information on the participant population is provided in
Table 1.

Of more than 10000 comparator measurements, a total of
199 were excluded as they contained only single measure-
ments or the duplicates deviated by more than =10% or =10
mg/dL. In addition, comparator measurements used for cali-
bration of FBS were excluded from the accuracy analysis of
FBS. Protocol deviations led to the exclusion of data from
one complete ADX sensor (wrong insertion site) and approx-
imately 18 days of data from one FBS sensor (participant
went swimming). Furthermore, data were excluded from one
FBS sensor after it had detached and from one ADX sensor
after a receiver malfunction.

Comparator Measurements

The BGMS measurements with Contour Next One (CNO)
showed a mean relative bias of +2.2% with respect to the
laboratory analyzer (n = 142). Based on the averaged results
from all duplicate measurements with CNO (n = 10278), its
precision could be estimated with a coefficient of variation
(CV) of 1.8%.'° The CNO thus fulfills the “desirable” ana-
lytical performance specifications (bias <2.4%, imprecision
(CV) <2.5%).1°

On five days throughout the entire study duration, mea-
surements with material of higher order were also performed
with the laboratory analyzer (concordant with the days of
capillary blood sample assessment on the laboratory ana-
lyzer). Here, the mean relative bias of the laboratory analyzer
with respect to the four nominal glucose levels of the higher
order material was —0.4% (n = 20) and CVs for each level
ranged from 1.1% to 2.0%, thus fulfilling “desirable” ana-
lytical performance specifications.

As the accuracy of a CGM system can be dependent on
BG levels and their RoC, it is important to characterize the
distribution of comparator measurements, as provided in
Figure 1a. In addition, it was possible to estimate the true BG
level RoC from comparator measurements during the fre-
quent sampling periods. The respective RoC distribution is
displayed in Figure 1b. The mean absolute BG RoC was 1.06
mg/dL/min.

Table |I. Baseline Participant Characteristics (n = 30).

Demographic Value
Sex, n (%)

Men 12 (40)

Women 18 (60)
Diagnosis, n (%)

TIDM 30 (100)
Therapy, n (%)

MDI 13 (43)

Csli 17 (57)
Age (years)

Mean (SD) 54.8 (12.6)
BMI (kg/m?)

Mean (SD) 27.3 (3.0)
HbAlc (%)

Mean (SD) 6.7 (0.6)
Duration of diabetes (years)

Mean (SD) 28.8 (14.9)

Abbreviations: TIDM, Type | diabetes mellitus; MDI, multiple daily
injections; CSlI, continuous subcutaneous insulin infusion; BMI, body mass
index.

Point Accuracy

The results of the CG-DIVA are provided in Figure 2. The
plots in Figure 2d-f, indicating sensor-to-sensor variability,
only display a selection of 20 representative sensors, includ-
ing the 10 sensors with the most positive and negative median
deviation in the total BG range. Overall median biases were
-2.1%, —2.5%, and —18.5% for FBS, FL2, and ADX, respec-
tively. More detailed numerical results of the CG-DIVA are
provided in the supplemental material (Supplemental Tables
S1 and S2). The results of ARs and MARDs are provided in
Table 2.

Sensor Stability

The results of the sensor stability analysis, considering only
data from sensors that were inserted on study day 1, are pro-
vided in Figure 3.

Trend Accuracy

The results of the trend accuracy analysis using R-EGA are
provided in Table 3. The corresponding figures are provided
in the supplemental material (Supplemental Figure S1).

Sensor Survival and Failure

In total, 31, 70, and 78 sensors of FBS, FL2, and ADX,
respectively, were included in the Kaplan—Meier survival
analysis and the results are depicted in Figure 4. The esti-
mated survival probabilities (95% CI) were 47.2% (28.9% -
63.5%) for FBS (28 days), 71.3% (57.0% - 81.6%) for FL2
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Figure |. (a) Distribution of comparator blood glucose (BG) levels collected from all participants over the entire study period. (b)
Distribution of comparator glucose rate of change (RoC) calculated for BG measurements spaced less than 20 minutes during frequent

sampling periods on study days 2, |1, and 28.

(14 days), and 48.4% (35.9% - 59.9%) for ADX (14 days).
More detailed information on sensor survival can be found in
the supplemental material (Supplemental Figure S2).

In terms of failures, a total of 16 FBS sensors failed: five
due to technical malfunction of the device and 11 due to a
failure of the adhesive leading to sensor loss. For FL2, there
were a total of 17 sensor failures, nine due to technical mal-
function and eight due to adhesive failure. For ADX, there
were a total of 37 sensor failures: 24 due to technical mal-
function and 13 due to adhesive failure.

Safety Assessment

For FBS, there were a total of four adverse events related to
the device: two skin reactions (eg, redness or itching), one
hematoma, and one short bleeding. The FL2 was related to
two adverse events: one strong bleeding after sensor inser-
tion that led to sensor removal and one hematoma. The ADX
was related to nine adverse events: four skin reactions includ-
ing minor swelling, four hematomas of which one was pre-
ceded by short bleeding after sensor insertion that led to
sensor removal, and one pain sensation. All hematomas were
small and of similar size and all adverse events were rated as
mild.

Discussion

In this study, the performance of the nonmarket-approved
FBS CGM system and the two market-approved CGM sys-
tems, FL2 and ADX, was assessed. Despite the fact that all
three systems were tested in parallel, a direct comparison of
their performance is not carried out and the results of each
system are discussed separately. However, the following
points regarding the impact of the study protocol on the
results of all systems should be mentioned. First, the protocol
did not involve deliberate glucose manipulations to induce

extreme BG levels and fast glucose changes. This could have
affected the results as the accuracy of CGM systems tends to
decrease during phases of rapid BG-level change and hypo-
and hyperglycemic episodes.!” Second, the study was con-
ducted partially during warm temperatures in the summer
months, which could have facilitated sensor losses in all
devices due to adhesive failure. Furthermore, the fact that
participants spent the vast majority of the study unsupervised
at home impaired the precise documentation of device defi-
ciencies, in particular sensor failures and their causes.
Finally, the validation of the comparator device demonstrates
that a high-quality BGMS is suitable to provide comparator
measurements of adequate accuracy in CGM performance
studies. Another general aspect of this study is the utilization
of the recently introduced CG-DIVA because it can provide a
comprehensive characterization of CGM point accuracy,
including BG range-specific bias, imprecision, and sensor-
to-sensor variability.

In terms of point accuracy, the CG-DIVA of the FBS
data (Figure 2a) shows a low overall systematic bias.
However, if the bias is examined separately in each glu-
cose range, it becomes apparent that FBS generally overes-
timated BG levels in the hypoglycemic range (<70 mg/
dL) and underestimated BG levels in the hyperglycemic
range (>180 mg/dL). In accordance with the manual cali-
brations of the device, the sensor-to-sensor variability is
low, with a rather high within-sensor variability (Figure
2d), causing a generally high imprecision as indicated by
the extent of deviation intervals in Figure 2a. This impreci-
sion could be at least partially caused by the comparatively
high data recording rate of two minutes. The overall
MARD of 14.7% in Table 2 is considerably higher than the
value of 8.3% reported in 2013 from a study with an earlier
generation FBS system and a different experimental proto-
col.’> However, a more recently published abstract reported
a MARD of 15.0%,° which is in agreement with this study.
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Figure 2. Results of the Continuous Glucose Deviation Interval and Variability Analysis (CG-DIVA). Absolute deviations are provided
for comparator glucose levels <70 mg/dL and relative deviations for all other levels. Panels a-c show the deviation intervals as light/dark
gray boxes, which indicate the range in which a certain share of deviations are expected to lie. These shares (printed above the plot)
and the colored background were set according to the requirements defined by the U.S. Food and Drug Administration for “integrated”
CGM systems. If the second deviation interval (light gray box) extends beyond the y-axis, its upper/lower limit is printed. The median
deviations are shown by the black dashes. Panels d-f show the characterization of the sensor-to-sensor variability on a representative
selection of 20 sensors. Each sensor is described by its median and 90%-range of deviations and sensors are ordered according to

the median deviation in the total glucose range. If less than 10 data points within a range are available for a sensor, the full range of
deviations is displayed and indicated with caps at the end of the antennae. Note that some antennae extend beyond the y-axis limits.
Abbreviations: FBS, FiberSense CGM system; FL2, FreeStyle Libre 2 CGM system; ADX, GlucoRx AIDEX CGM system.

Table 2. Accuracy Parameters.

AR AR AR
CGM system n (data points) n (sensors) %15/15%° [%] %20/20*° [%] %40/40*° [%] MARD? [%]
FBS 6437 30 65.4 77.2 96.0 14.7
(62.6 - 68.1) (74.7 - 79.4) (94.9 - 96.9) (13.9-15.5)
FL2 8577 68 84.9 923 98.6 9.2
(82.6 - 87.2) (90.3 - 94.1) (97.2-99.7) (84-10.1)
ADX 8013 76 372 51.2 90.9 21.9
(30.9 - 43.4) (44.6 - 57.8) (86.0 - 95.4) (19.5-244)

Abbreviations: FBS, FiberSenseGM system; FL2, FreeStyle Libre 2 CGM system; ADX, GlucoRx AIDEX CGM system.

*The numbers in brackets indicate the two-sided 95% confidence intervals.

Agreement rates (ARs) are calculated as the percentage of CGM values within =+ 15%/20%/40% of comparator glucose measurements when glucose
levels are =100 mg/dL or within = 15/20/40 mg/dL when glucose levels are <100 mg/dL.

“Mean absolute relative difference (MARD) between CGM and comparator measurements.
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Figure 3. Sensor stability as characterized through mean absolute differences (MARD) on every study day including only sensors
inserted on study day |. The shaded areas indicate the 95% confidence intervals. The circled points indicate days that were at least
partially spent at the study side; red circles indicate days with frequent sampling periods.

Abbreviations: FBS, FiberSense CGM system; FL2, FreeStyle Libre 2 CGM system; ADX, GlucoRx AIDEX CGM system.

The accuracy is therefore comparable to earlier generation
CGM systems, such as Dexcom G4 and FreeStyle
Navigator 11.!7 However, the FBS has a considerably lon-
ger lifetime of 28 days and shows no deterioration in accu-
racy with time, although the device demonstrates below
average accuracy in the first five days (Figure 3), indicat-
ing a longer stabilization period. Excluding the first five
days of sensor wear time reduces the MARD to 13.1%
(more details in Supplemental Table S3). The survival rate
of FBS sensors stabilized after day 12 until a drop in the
survival probability occurred between days 18 and 22,
which was mainly caused by adhesive failures. Given the
fact that the FBS was still in development at the time of
testing, it can be expected that its performance will be
improved.

For FL2, overall point accuracy, sensor survival, and sen-
sor stability results agree with previously published results
(MARD 9.2% in adults) obtained with a different study
design featuring venous comparator measurements and only
data from in-clinic sessions with deliberate glucose manipu-
lations.® The CG-DIVA demonstrates low overall and BG
range-specific bias and imprecision (Figure 2b). Typical for
factory-calibrated devices, the sensor-to-sensor variability is
fairly pronounced and there is low within-sensor variability
(Figure 2e). The CG-DIVA also revealed that there were three
sensors (4.4%) with an overall median deviation larger than
approximately —20% and up to —60%, which causes the 99%
deviation intervals for BG levels above 70 mg/dL to be asym-
metric toward negative deviations. This is a new finding as
the previous publication did not include an examination of
sensor-specific accuracy® and highlights the importance of
such an analysis, in particular for factory-calibrated systems.
Trend accuracy was also not reported previously and the
results in Table 3 indicate a slightly increased number of data
points in zone C, indicating falsely high CGM rates of change
that could lead to overcorrection. Despite the comparatively

Table 3. Results of the Rate Error Grid Analysis.

Zone FBS FL2 ADX

A 76.3% 77.4% 75.7%

(941) (1127) (1084)

B 19.4% 18.5% 18.6%

(239) (270) (267)

C 1.5% 2.5% 0.8%
(19) (36) ()

D 23% |.4% 4.7%
(28) @) (68)

E 0.5% 0.3% 0.1%
(6) (4) )

A+B 95.7% 95.9% 94.3%

(1180) (1397) (1351)

Total 1233 1457 1432

Zones A + B: very small or benign errors. Zone C: rapid CGM RoCs,
slow BG RoCs. Zone D: rapid BG RoCs, slow CGM RoCs. Zone E: CGM
RoCs of opposite direction.

Abbreviations: FBS, FiberSense CGM system; FL2, FreeStyle Libre 2 CGM
system; ADX; GlucoRx AIDEX CGM system; RoC: rate of change.

long market-availability of FL2, and to the best of our knowl-
edge, this is the first manufacturer-independent performance
evaluation of this widely used CGM system.

For ADX, a previous study reported an overall MARD of
10.1% using capillary comparator measurements,” whereas
our study found a MARD of 21.9%. The CG-DIVA results
(Figure 2c) indicate a considerable overall negative median
bias of —18.5% and similar negative biases for comparator
values between 70 and 180 mg/dL and above 180 mg/dL. In
contrast, there is a positive bias of +7.9 mg/dL for BG lev-
els below 70 mg/dL. There is also a considerable impreci-
sion, which is mainly caused by a high sensor-to-sensor
variability, with individual sensors showing an overall
median bias ranging between —56.5% and +47.2%. This
high sensor-to-sensor variability also causes a comparatively
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Figure 4. Results of the survival analysis. The shaded areas
indicate the 95% confidence intervals. The vertical dashes indicate
sensors that were removed from participants prior to the end of
their lifetime for reasons not related to the device.

Abbreviations: FBS, FiberSense CGM system; FL2, FreeStyle Libre 2 CGM
system; ADX, GlucoRx AIDEX CGM system.

large uncertainty (large CIs) of MARD and AR point esti-
mates as shown in Table 2 as well as the stability analysis as
seen in Figure 3, impairing its interpretability. The estimated
survival probability of 48.4% was considerably lower than
the previously reported value above 90%.” In this study, the
failures occurred regularly throughout the 14-day lifetime,
and the majority of early failures could be attributed to a
device malfunction. Regarding trend accuracy, there was a
noticeable accumulation of data points in zone D (Table 3),
indicating falsely low CGM rates of change.

The reason for the differences in point accuracy and sur-
vival in ADX between this study and the previously reported
results is unclear; however, the previous study included a
majority of participants (88.7%) with type 2 diabetes, which
could have led to slower BG changes and thus better accu-
racy.’ It should also be emphasized that the ADX can be cali-
brated by the users but this feature was apparently not used
in the previous study. Furthermore, the ADX is only approved
for adjunctive use, meaning that users are required to rely on
other means of glucose concentration measurement for ther-
apy decisions, and the user manual suggests calibration in
case of larger deviations to BGMS measurements.'® The fact
that this suggestion was not followed by participants is a
limitation of this study and the accuracy improved when a
single manual calibration at the beginning of sensor wear
time was simulated retrospectively (MARD of 15.5%, more
details in section 3 of the supplemental material). In addition,
it should be mentioned that 21 out of 30 participants used
transmitters with an updated firmware, which led to an
improved accuracy in comparison with the remaining par-
ticipants (MARD of 21.0% vs 24.3%; more details in section

4 of the supplemental material). It can therefore be expected
that future updates to the system may lead to further improve-
ments in accuracy.

Conclusion

This study shows that independent performance evaluations
of CGM systems are critical to gain additional insights into
device performance at the time of development, as well as
after market approval. In LMICs, cost is often a key decision
factor as CGM systems are largely financed through out-of-
pocket spendings. Independent performance data are thus
critical to support informed decision-making for investment
of scarce resources for accurate and reliable devices.

Our study shows that the in-development FBS demon-
strated promising accuracy results, comparable to earlier
generation CGM,!” with the added advantage of a 28-day
sensor lifetime. Results of the established, market-approved
FL2 largely agreed with the previous study®; however, the
importance of assessing individual sensor accuracy was
highlighted. For the newer, market-approved ADX, the
results were markedly different in comparison with a previ-
ous study’ and indicated lower performance. However, the
comparability of performance results between different stud-
ies is generally limited because of a lack in standardization
of CGM performance studies, especially with regard to study
design.

This study highlights that people with diabetes, clinicians,
and purchase decision-makers in LMICs intending to intro-
duce CGM systems in local diabetes management should
consider consulting data from independent performance
analyses prior to making decisions about implementation.

Abbreviations

ADX, GlucoRx AiDEX CGM system; AR, agreement rates; BG,
blood glucose; BGMS, blood glucose monitoring system; CE,
Conformité Européenne; CG-DIV A, Continuous Glucose Deviation
Interval and Variability Analysis; CGM, Continuous glucose moni-
toring; CNO, Contour Next One; CV, coefficient of variation; FBS,
FiberSense CGM system; FL2, FreeStyle Libre 2 CGM system;
LMIC, low- and middle-income country; MARD, mean absolute
relative difference; R-EGA, rate error grid analysis; RoC, rate of
change.
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