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23 adult participants, 14 days 
FreeStyle Libre 3
Dexcom G7
Medtronic Simplera

Research Design & Methods 

CGM metrics calculated for each participant and 
CGM system separately 

Median percentage of time in different glucose ranges across all 
study participants according to the different CGM systems. 

Objective

To analyze the differences in continuous glucose monitoring
(CGM)-derived metrics among three current-generation systems 
and evaluate their impact on therapeutic decision-making.

Conclusions 
The CGM systems indicated discordant glycemic metrics that should beconsidered in diabetes the rapy. Different CGM systems should provide the same glucose
readings and CGM-derived metrics when used by the same person.

� Differences in glucose 
profiles, resulting in 
substantially different 
glycemic metrics among 
the three systems.

� Marked intra-participant 
discrepancies that would 
have resulted in different 
therapeutic 
recommendations.  
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ARTICLE HIGHLIGHTS

� Why did we undertake this study?
We aimed to analyze continuous glucose monitoring (CGM)-derived metrics provided by three current-generation systems.

� What is the specific questions we wanted to answer?
Are there differences in glycemic metrics between the systems overall and within patients? If so, how large are they, and do they affect therapeutic
decision-making?

� What did we find?
The recorded glucose profiles were different among CGM systems, resulting in substantially different glycemic metrics. This would have resulted in
diverging therapeutic recommendations.

� What are the implications of our findings?
Comparing CGM-derived glycemic metrics across CGM systems is challenging, and patients may receive different therapeutic recommendations
and manage their diabetes differently, depending on the CGM system they use.

D
ow

nloaded from
 http://diabetesjournals.org/care/article-pdf/doi/10.2337/dc25-0129/803006/dc250129.pdf by guest on 11 April 2025



A Comparative Analysis of
Glycemic Metrics Derived From
Three Continuous Glucose
Monitoring Systems
https://doi.org/10.2337/dc25-0129

Guido Freckmann,1

Stephanie Wehrstedt,1

Manuel Eichenlaub,1 Stefan Pleus,1

Manuela Link,1 Nina Jendrike,1 S€ukr€u €Oter,1

Derek Brandt,2 Cornelia Haug,1 and

Delia Waldenmaier1

OBJECTIVE

This study analyzed the differences in continuous glucose monitoring (CGM)-derived
metrics among three current-generation systems and evaluated their impact on ther-
apeutic decision-making.

RESEARCH DESIGN AND METHODS

Twenty-three participants wore the FreeStyle Libre 3, Dexcom G7, and Medtronic
Simplera CGM systems for 14 days in parallel. CGM metrics were calculated for
each participant and CGM system separately.

RESULTS

The apparent glucose profile was influenced by the used CGM system, resulting
in substantially different glycemic metrics among the three systems. Agreement
between FreeStyle Libre 3 and Dexcom G7 was higher than with Medtronic Sim-
plera, which showed lower glucose levels, on average. There were marked intra-
participant discrepancies that would have resulted in different therapeutic
recommendations.

CONCLUSIONS

The CGM systems indicated discordant glycemic metrics, which should be consid-
ered in diabetes therapy. Different CGM systems should provide the same glu-
cose readings and CGM-derived metrics when used by the same person.

Metrics derived from continuous glucose monitoring (CGM) data are used to assess
the glycemic impact of diabetes therapy. International consensus recommends spe-
cific targets for glycemic control metrics, such as time spent in certain glucose
ranges, that should be achieved for optimal glucose control (1). In recent years,
several studies have demonstrated that, when worn in parallel, different CGM sys-
tems can display discordant glucose profiles (2–5), likely caused by differences in
CGM accuracy. Consequently, CGM-derived metrics can differ substantially depend-
ing on the CGM system used. Today, newer generations of these CGM systems are
available, raising the question of whether this problem persists. Therefore, we ana-
lyzed data from a recent head-to-head CGM performance study in which partici-
pants wore three current-generation CGM systems of the principal manufacturers
simultaneously. In that study, we found substantial differences in accuracy (6). The
objective for the present article was to examine how these differences in accuracy
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affect the CGM-derived metrics and eval-
uate their possible impact on therapeutic
decision-making.

RESEARCH DESIGN AND METHODS

This was a prospective, interventional,
monocentric, single-arm, open-label study
performed between April and July 2024
at the Institut f€ur Diabetes-Technologie,
Forschungs- und Entwicklungsgesellschaft
mbH an der Universit€at Ulm, in Ulm,
Germany. The study was carried out under
consideration of the Declaration of Helsinki
and in compliance with the national reg-
ulations and provisions. It was approved
by the responsible ethics committee and
the competent authority. The study was
registered in the German Clinical Trials
Register (no. DRKS00033697).

Study Design and Investigational
Devices
Adult participants with type 1 diabetes
were included after we obtained their
informed consent. All participants wore
sensors of the FreeStyle Libre 3 (FL3;
Abbott Diabetes Care, Alameda, CA),
Dexcom G7 (DG7; Dexcom Inc., San
Diego, CA), and Medtronic Simplera (MSP;
Medtronic Minimed, Northridge, CA)
CGM systems in parallel for 14 days.
The FL3 and MSP sensors originated
from one manufacturing lot; the DG7
sensors came from two different lots
randomized across participants. Each
participant received a sensor from each
system on study day 1 and the sensors
were removed on study day 15. How-
ever, due to the differing lifetimes (FL3:
14 days; DG7: 10 days; MSP: 7 days), one
FL3 sensor per participant was used,
whereas sensors of the DG7 and MSP
were replaced on study days 5 and 8, re-
spectively. No manual calibrations were
performed, although DG7 and MSP allow
optional calibration. The sensors were in-
serted on the upper arm and evenly dis-
tributed between left and right arm within
CGM systems. The vast majority of the
study duration was spent in a free-living
setting, where participants followed their
regular daily routine. However, three
7-hour in-clinic sessions with deliberate
glucose-level manipulation in the hypo-
and hyperglycemic ranges were performed
for the purpose of CGM accuracy assess-
ment. Simultaneously, capillary glucose lev-
els were measured every 15 min with the
Contour Next blood glucose monitoring

system (Ascensia Diabetes Care Holdings
AG, Basel, Switzerland) (6).

Data Analysis and Statistical Analysis
To allow the direct comparison of CGM-
derived metrics, only periods in which
all three systems recorded data simulta-
neously were included in the analysis.
Consequently, only participants for whom
at least 70% of CGM readings (relative to
the 14-day study period) were available
were evaluated (1). CGM metrics were
calculated for each participant and CGM
system separately and included time be-
low range level 2 (TBRL2; <54 mg/dL);
time below range (TBR; <70 mg/dL); time
in range (TIR; 70–180 mg/dL); time above
range (TAR; >180 mg/dL); time above
range level 2 (>250 mg/dL); mean glu-
cose concentration; glucose management
indicator (GMI); glycemic variability (1);
time in tight range (70–140 mg/dL) (7);
and glycemia risk index (8). Additionally,
the number of hypoglycemic episodes
<54 mg/dL and <70 mg/dL was calcu-
lated, as described previously (9). Differ-
ences in CGM-derived metrics between
CGM systems were assessed within indi-
viduals and on a population level using
nonparametric statistical tests.

Data and Resource Availability
The data sets generated during and/or
analyzed in this study are available from
the corresponding author upon reason-
able request.

RESULTS

After exclusion of one participant due
to insufficient CGM data availability,
mainly caused by the loss of a FL3 sensor,
23 participants, 17 of whom were male,
were included in the analysis. The mean
age of the participants was 52.7 years,
mean BMI was 26.1 kg/m2, and average
diabetes duration was 26.7 years with
mean HbA1c of 6.6% (49 mmol/mol). Five
participants used multiple daily injections;
18 were undergoing continuous subcuta-
neous insulin infusion, of whom 15 were
using an automated insulin delivery (AID)
system. Median data availability was 97.8%
(range, 73.0–98.6%).

Summary statistics of CGM-derived met-
rics from each CGM system are shown in
Table 1. Although there were few signifi-
cant differences between DG7 and FL3,
most metrics derived from MSP data
differed from those derived from FL3 or

DG7, resulting, on average, in a lower
GMI, a higher TIR and TBR, and a lower
TAR with MSP (Table 1, Fig. 1). Further-
more, CGM readings of FL3 and DG7
were on average 14.2% and 11.2%, re-
spectively, above MSP (relative to MSP),
whereas CGM readings of FL3 were on
average 2.7% higher than DG7 (relative
to DG7). These findings concur with
the accuracy results, where FL3, DG7,
and MSP showed relative biases com-
pared with capillary glucose measure-
ments of �1.1%,�2.5%, and �14.5%,
respectively (6). Population-level TIR and
GMI results for individual days are shown
in Supplemental Fig. 1.

Figure 2 gives a more detailed,
participant-specific analysis, including
differences in glycemic metrics between
pairs of CGM systems. Despite FL3 and
DG7 showing, on average, comparable
metrics, there were individual differences
of up to 9.8% (142 min) in TBR, 11.9%
(171 min) in TIR, and 13.4% (193 min) in
TAR. TIR differed >5%, which is consid-
ered clinically significant (1,10,11), in
five participants (22%) when comparing
FL3 and DG7, in 17 participants (74%)
when comparing FL3 with MSP, and in
12 participants (52%) when comparing
DG7 and MSP. Similarly, GMI differences
of >0.3%, considered clinically signifi-
cant (12), were observed in five partici-
pants (22%) when comparing FL3 and
DG7, in 18 participants (78%) when
comparing FL3 with MSP, and in 14 par-
ticipants (61%) when comparing DG7
and MSP.

The maximum observed difference in
TBR within the same participant was
12.9% (185 min) between FL3 and MSP.
Consequently, the CGM system used in-
fluenced whether specific therapy tar-
gets were met or not. For example, the
therapy target of TBR <4% (1) (Fig. 2A)
was met by 16 participants (70%) based
on FL3 data, 11 (48%) participants based
on DG7, and 6 (26%) based on MSP
data.

Apart from the differences in metrics
derived over 14 days, the study proce-
dures also allowed the examination of
differences over shorter time spans by
comparing glucose profiles between
CGM systems during experimentally in-
duced hyper- and hypoglycemia (Fig. 3).
This figure also shows the average profile
of capillary comparator measurements
to provide a qualitative impression of
CGM accuracy. For more detailed results

2 Comparison of CGM System Metrics Diabetes Care

D
ow

nloaded from
 http://diabetesjournals.org/care/article-pdf/doi/10.2337/dc25-0129/803006/dc250129.pdf by guest on 11 April 2025

https://doi.org/10.2337/figshare.28611818


of CGM performance, the reader is re-
ferred our previously published article
(6).

CONCLUSIONS

Despite advances in CGM measurement
accuracy, this study has shown that con-
siderable differences remain between
glucose values reported by different,

current-generation CGM systems in the
same person. This might lead to differ-
ent therapy decisions and interventions.

This study had a short observation
period, which was additionally decreased
by only analyzing periods during which
all systems were delivering data simul-
taneously, and a small population size,
leading to a low overall number of used
sensors. These limitations affect the

interpretation of the differences in met-
rics between CGM systems on an indi-
vidual level, because they are caused by
two overlapping effects: the variations
of individual sensors within the same
CGM system and the systematic differ-
ences between CGM systems. To clearly
distinguish between these two effects,
multiple sensors from the same CGM
system would have to be used. How-
ever, we assert that the study protocol
(14-day collection of CGM data with
one to two sensors per CGM system)
complies with the consensus recom-
mendation (1); therefore, we consider
the results to reflect the experience in
clinical practice. In contrast to the dif-
ferences in metrics between CGM sys-
tems on an individual level, the averaged
population-level results should be less af-
fected by variability of individual sensors.
Another limitation of this study was that
the participant population had above-
average glycemic control, meaning that
the observed CGM-derived metrics likely
covered a narrower range compared with
the overall population of people with dia-
betes. Nevertheless, we argue that the
findings of this study have two clinically
relevant consequences for practical diabe-
tes therapy.

First, CGM-derived data are used by
people with diabetes and health care
professionals to assess glucose control.
Here, the study showed that the ob-
served differences between CGM sys-
tems would have resulted in different
individual therapy adjustments depend-
ing on which system was used. According
to the international consensus statement
(1), highest priority in therapy adjustment
should be given to decreasing the TBR
to <4%, followed by adjusting TAR and
TIR. However, in almost half of partici-
pants (n = 11; 48%), the CGM systems
did not agree on whether the TBR tar-
get was met, meaning that necessary
therapy adjustments might have been
missed or unnecessary adjustments might
have been made depending on the used
CGM system. Regarding the targets for
TIR (>70%) and TAR (<25%), the corre-
sponding number of participants for whom
the therapeutic recommendations would
have diverged was lower but still consid-
erable with five (22%) and eight (35%),
respectively. These results emphasize that
glycemic metrics are influenced by the
used CGM system and/or individual sen-
sor, which should be considered by people

Figure 1—Median percentage of time in different glucose ranges across all study participants (n = 23)
according to the different CGM systems.

Table 1—CGM-derived metrics from the three CGM systems

Metric FL3 DG7 MSP P < 0.05*

Time

<54 mg/dL (%) 0.1 (0.0–4.3) 0.7 (0.0–5.5) 0.7 (0.1–5.2) a,b

Minutes 1.8 (0.0–61.7) 10.2 (0.0–78.8) 9.5 (0.7–75.2)

<70 mg/dL (%) 2.8 (0.1–18.0) 4.2 (0.4–17.5) 5.1 (0.7–15.6) b

Minutes 40.3 (1.1–259.2) 60.1 (5.5–251.6) 73.9 (9.8–224.8)

70–140 mg/dL (%) 54.7 (30.2–73.6) 54.8 (27.0–72.6) 67.5 (38.6–82.7) b,c

Hours 13.1 (7.2–17.7) 13.1 (6.5–17.4) 16.2 (9.3–19.8)

70–180 mg/dL (%) 76.3 (47.7–92.0) 76.2 (56.7–92.0) 84.0 (64.1–92.6) b,c

Hours 18.3 (11.5–22.1) 18.3 (13.6–22.1) 20.2 (15.4–22.2)

>180 mg/dL (%) 21.8 (6.4–49.5) 19.6 (4.4–42.3) 10.5 (2.2–31.6) b,c

Hours 5.2 (1.5–11.9) 4.7 (1.1–10.2) 2.5 (0.5–7.6)

>250 mg/dL (%) 4.3 (0.1–16.3) 3.1 (0.0–13.6) 1.3 (0.0–6.8) b,c

Minutes 62.6 (1.1–235.0) 44.4 (0.0–196.2) 19.3 (0.0–98.5)

Glucose, mean (mg/dL) 143 (109–179) 140 (111–177) 123 (105–154) b,c

GMI (%) 6.7 (5.9–7.6) 6.7 (6.0–7.5) 6.3 (5.8–7.0) b,c

%CV (%) 37.3 (24.2–43.1) 37.0 (25.4–45.5) 34.7 (21.8–43.2) b,c

Glycemia risk index 28.9 (9.8–58.5) 34.1 (9.4–57.8) 23.7 (7.2–53.9) c

Events

<70 mg/dL 9 (0–32) 10 (3–33) 15 (2–33) a,b,c

<54 mg/dL 0 (0–9) 3 (0–14) 3 (0–15) a,b

Results are given as median (minimum � maximum); %CV, coefficient of variation. *P val-
ues between CGM system pairs were calculated using the paired Wilcoxon test, as follows:
aFL3 vs DG7 bFL3 vs MSP cDG7 vs MSP
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with diabetes and health care professio-
nals when comparing data from different
systems or switching from one system to
another. Furthermore, the population-level
differences between CGM systems indicate
that results from trials comparing AID

systems based on glycemic metrics mea-
sured with different CGM systems should
be interpretated with caution (13,14).

The second practical and relevant con-
sequence of our findings is that different
CGM systems might affect everyday clinical

decision-making of people with diabetes
and the insulin delivery of AID systems.
This is illustrated in Fig. 3, where it is dem-
onstrated that CGM profiles of FL3 and
DG7 were similar during hyperglycemic
and hypoglycemic episodes. In contrast,
the CGM profiles of MSP were lower, re-
sulting in earlier detection of hypoglyce-
mia but later detection of hyperglycemia.
This would most likely affect the self-
management behavior of people with
diabetes, including both the timing and
choice of treatment decisions, like insulin
delivery or hypoglycemia interventions.

In our opinion, the main reason for
the observed discrepancies of CGM sys-
tems is the heterogenous procedures
used in CGM performance studies, in
particular during development. Therefore,
standardization of study procedures, espe-
cially the collection of comparator data,
will ensure that accuracy of CGM systems
is judged against harmonized comparator
data, ultimately resulting in better align-
ment of CGM systems (14). This is the

Figure 2—A–D: CGM-derived metrics of each participant (dots; n = 23) according to different CGM systems. Identical participants are connected by
lines. Red dashes show the medians. Dashed lines indicate therapy targets. E–H: Differences in CGM-derived metrics between pairs of CGM systems
(indicated by the x-axis labels) within the same participant (dots). Dashed lines for TIR and GMI indicate clinically significant differences (1,10–12).

Figure 3—Mean time course of capillary comparator measurements and CGM glucose data
from the three systems during experimentally induced hyperglycemia (A) and hypoglycemia
(B). The individual profiles were synchronized according to the time of the first capillary mea-
surement>250 mg/dL or<70 mg/dL, respectively, and averaged.

4 Comparison of CGM System Metrics Diabetes Care
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goal of the working group on CGM of the
International Federation of Clinical Chem-
istry and Laboratory Medicine.
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