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Abstract

Metrics derived from continuous glucose monitoring (CGM) systems are often discordant between systems. A major cause
is that CGM systems are not standardized; they use various algorithms and calibration methods, leading to discordant CGM
readings across systems. This discordance can be addressed by standardizing CGM performance assessments: If manufacturers
aim their CGM systems at the same target, then CGM readings will align across systems. This standardization should include
the comparator device, sample origin, and study procedures. With better aligned CGM readings, CGM-derived metrics will
subsequently also align better between systems.
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Introduction

In response to the increasing use and utility of systems for
continuous glucose monitoring (CGM), clinical metrics and
targets for CGM data interpretation were published in 2019.!
These CGM-derived metrics are intended to guide therapeu-
tic recommendations in clinical practice. Over the past few
years, multiple studies found that CGM-derived metrics dif-
fer between different brands of CGM systems when worn by
the same person.?” This is exemplified in panel (a) of Figure
1, where three current factory-calibrated CGM systems from
different manufacturers worn by the same person yielded
marked differences in times below range (TBR), times in
range (TIR), and times above range (TAR) over the course of
a single day due to systematic differences between the sys-
tems (panels (b)-(d)). A more systematic comparison between
Dexcom G5 and FreeStyle Libre found that 11 out of 24 par-
ticipants had a TBR above 4%, which is the recommended
maximum TBR, with one system, and below 4% for the other
system, which could have led to diverging therapeutic
recommendations.’

In a recent response to a study comparing the clinical out-
comes of two systems for automated insulin delivery (AID)
using different CGM sensors,® Messer and colleagues,’ two
of whom worked for a manufacturer of CGM systems at the
time of publication, emphasized that “CGM-derived metrics
should not be compared between CGM systems as the instru-
ments of measure are fundamentally different” (emphasis in
original text).

Continuous glucose monitoring-derived metrics are cal-
culated from a large number of individual CGM readings. If
CGM-derived metrics are substantially different, then the
CGM readings themselves will also be substantially differ-
ent. As a result, glycemic control and clinical decision-
making could differ depending on the specific CGM system
being worn.

Potential Causes for Discordant CGM
Readings

While physiological factors, such as differences in sensor
placement and perfusion into the interstitial space, can cause
discordant CGM readings in the same individual, technical
factors may be more pronounced and are more likely to be
addressed through engineering solutions. These technical
factors encompass the sensor architecture, including the
overall design, materials used in its construction, manufac-
turing process, and the sensor chemistry itself. However, dif-
ferences in the calibration algorithms converting the raw
signal to CGM readings are likely the main factor leading to
discordant CGM readings. These differences are exemplified
in panels (b) to (d) of Figure 1 and can be characterized by a
constant offset (bias) possibly in combination with a glucose
level-dependent over- or underestimation. Time lags may
also differ across sensors due to these technical factors and
different algorithms.

Manufacturers of CGM systems assess the performance of
their systems based on blood glucose measurements. However,
the choice of sample origin, the comparator device, and the
study procedures used to obtain validation data can strongly
influence the results. For example, it is known that the glucose
concentrations can be physiologically different in capillary,
venous, and “arterialized”-venous (ie, from a heated hand/
arm) blood samples.'® In addition, it has been demonstrated
that different comparator methods as well as comparator
devices from the same brand can exhibit systematic differ-
ences, even when the same blood samples are used.!'"'*
Therefore, depending on the specific device and sample type
(ie, matrix, compartment, and handling) used to establish the
calibration algorithms of CGM systems, the CGM readings of
different devices/brands can be expected to be different by
several percent.

Possible Consequences of Discordant
CGM Readings

As stated above, glycemic control and clinical decision-
making could differ depending on the specific CGM system
being worn. However, people with diabetes should be pro-
vided with roughly the same results and information regard-
ing glycemic control, glycemic variability, and hypo-/
hyperglycemia independent from the CGM system being
used. Otherwise, therapeutic guidelines that incorporate
threshold values or aims for glycemic status may not be
effective or even appropriate.

Simply acknowledging that differences between CGM
system brands exist is not an adequate solution, because
manufacturers do not disclose which kind of glucose concen-
tration readings their CGM systems represent (similar to
metrological traceability), for example, capillary-like or
venous-like concentrations.!> The establishment of device-
specific targets for CGM-derived metrics is also not a viable
alternative, because targets would have to be established for
each new CGM system, and potentially each new generation
of established CGM systems. In addition, device-specific
targets would needlessly complicate the assessment of elec-
tronic health records as well as their use by national health
systems, payers, and regulators. For Al-driven analytical
approaches to electronic health records, having clean and
comparable CGM data would also be a benefit.

How to Proceed?

Better harmonization of CGM systems can be tackled
through standardization. An example of another analyte
measured in diabetes research and clinical practice, where
standardization has improved the quality of measurements, is
HbAlc.

For years, HbAlc was the de facto approach to assess a
persons’ glycemic status and therefore the principal parameter
when assessing the efficacy of new diabetes treatments.
However, the measurement results of different HbAlc assays
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Figure |. (a) CGM profiles of three factory-calibrated CGM systems from different manufactures simultaneously worn by the same
person over the course of a single day. The box in the top left corner provides the respective percentages for the times below range
(TBR), times in range (TIR), and times above range (TAR). (b)-(d) Weighted Deming regression plots between readings from different
CGM systems illustrating systematic differences in CGM readings (constant offset and/or glucose-dependent over- or underestimation):
The black lines show the line of identity, and the red dashed lines display the linear regression fit.

used to lack comparability, so that the widespread implemen-
tation of HbAlc targets in clinical practice was hindered.
Ultimately, this led to a standardization program of the
International Federation of Clinical Chemistry and Laboratory
Medicine (IFCC) as well as the founding of the National
Glycohemoglobin Standardization Program (NGSP),'*!” and
while the road toward HbA 1¢ standardization may have been
bumpy, immense progress has been made over the years, so
that HbA 1c measurements are harmonized across many coun-
tries. This harmonization allowed diabetes associations to add
HbAc as a tool for the diagnosis of diabetes.

A similar level of standardization has not been achieved
for CGM systems as demonstrated not only by the differ-
ences between CGM-derived metrics but also by variations
in comparator data origin between manufacturers as reported
in a recent review of CGM performance studies.'® Previous
efforts at standardization include the POCTO05 guideline!
published by the Clinical and Laboratory Standards Institute
and the acceptance criteria for “integrated” CGM systems
established by the US Food and Drug Administration.?
However, both guidelines lack specific requirements regard-
ing the collection and characteristics of comparator data.'®

Study procedures are known to affect CGM performance as
observed in a study, so acceptance criteria may be helpful but
not a solution on their own. It should also be noted that these
criteria for integrated CGM systems only apply to CGM sys-
tems digitally connected to other devices, like automated
insulin dosing systems. Standalone CGM systems, especially
adjunctive-use systems are not covered by this designation.
The IFCC has therefore established the Working Group
on CGM with the primary goal of developing a standard for
the assessment of CGM system performance. One of the
main pillars of this standard will be the definition of proce-
dures for the collection of comparator data in CGM perfor-
mance studies. In particular, the standard will stipulate that
the comparator data are obtained with comparator methods
fulfilling analytical performance specifications, samples
are collected from a specific origin, and that the distribution
of comparator data complies with certain requirements
which ensure that clinically relevant glucose concentra-
tions and rates of change are represented.!*?! Manufacturers
will aim for optimal performance of their systems in CGM
performance studies. Therefore, if the performance of all
CGM systems is assessed using the same comparator
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Figure 2. lllustration of the IFCC working group on CGM’s approach to minimize discrepancies between CGM readings. Without
standardization, each manufacturer uses their individual comparator procedure (target) and while readings of their own CGM

system will scatter around their individual target, CGM readings from different systems are substantially discordant (panel (a)). With
standardization, scattering of CGM readings around the target will not necessarily change, but readings from every CGM system will

scatter around the same target and thus align better (panel (b)).

characteristics, then readings from different CGM systems
will approach each other.

This approach used by the IFCC working group on CGM
is illustrated in Figure 2. Currently, each manufacturer uses
their own target. The bull’s eye in the target represents the
result obtained with the comparator method chosen by a par-
ticular manufacturer. CGM systems can exhibit good perfor-
mance when compared with their specific comparators,
while readings from different CGM systems can differ sub-
stantially (panel (a)). By defining a universal target, that is, a
standardized procedure to collect comparator data, manufac-
turers will be encouraged to aim for the same target, leading
to an alignment of readings from different CGM systems

(panel (b)).
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