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Review Article

Many patients with diabetes routinely use systems for con-
tinuous glucose monitoring (CGM) as the diagnostic corner-
stone of their diabetes treatment and the number is assumed 
to increase massively in the next years. CGM systems have 
seen considerable improvements in their performance after 
their market introduction some 15 years ago. Their analytical 
performance, that is, the accuracy with which CGM systems 
can measure glucose concentrations in interstitial fluid (ISF) 
in the subcutaneous adipose tissue was also improved. Such 
improvements have tremendous importance for clinical util-
ity of CGM systems, mainly in view of their use with a non-
adjunctive claim, that is, that therapeutic decisions can be 
based on the glucose values presented without exposing 
patients to too high risks. CGM data are also used in other 
clinical applications like bolus calculators (for patients on 
multiple daily insulin injections), in insulin pumps (with or 
without automatic changes in insulin infusion rates depend-
ing on the current glucose measurement results), and—last 
but definitively not least—are indispensable in automated 
insulin delivery (AID) systems.

Time in range(s) (TIR) has been suggested by several 
working groups as a new “biomarker” to complement HbA1c 

for glycemic control. There are good arguments that TIR has 
advantages compared to HbA1c since

(1) it responds faster to treatment changes
(2) it reflects as well glycemic variability, hypo- and 

hyperglycemia
(3) it is not affected by physiological and pathological 

factors that affect the HbA1c concentration

In order to establish TIR successfully in clinical practice 
and in order to make it a useful endpoint in clinical studies it 
is important that it can be measured accurately. For “time” 
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this is no problem; however, the accuracy of CGM systems 
strongly affects the ranges. If results differ between different 
CGM systems, TIR calculated from these results will do so 
as well. There is a clear need to better assess the analytical 
accuracy of CGM systems than this can be done by means of 
the MARD and to establish metrological traceability for 
CGM measurements. For systems used for self-monitoring 
of blood glucose (SMBG), an ISO standard was established 
some decades ago to characterize their analytical perfor-
mance. However, no such standard was established for CGM 
systems until now, even if attempts have been made.1 The 
parameter most often used for description of the analytical 
performance of CGM systems is the “mean (or median) 
absolute relative difference” (MARD). Reasons why this 
parameter is widely used is the relatively ease with which 
this parameter can be calculated and that a single number if 
presented that appear to enable a straightforward interpreta-
tion of the MARD of a given CGM system and allow com-
parison of the performance of different CGM systems.

In this review, it will be discussed that in reality a large 
number of aspects makes the MARD difficult to interpret.

MARD—Background and Properties

CGM systems measure glucose in the interstitial fluid in the 
subcutaneous tissue while SMBG measures glucose in capil-
lary blood. The assumption is, that glucose levels in both 
compartments (matrices) are similar; however, this holds 
true for steady state conditions only, which is not the case 
most of the day of patients with diabetes. To assess the accu-
racy of a measurement one has to make sure the “measur-
and” is identical, that is, (1) same matrix, (2) same substance, 
(3) same units are used. Otherwise a comparison is metro-
logically not allowed. For this reason, all manufacturers use 
algorithms that predict BG values (typically capillary blood 
values and not venous blood values) from CGM values. This 
is why CGM values are compared to SMBG values.

The MARD is computed using temporally matched glu-
cose data from CGM systems and comparison glucose mea-
surements (most often obtained by capillary blood glucose 
(BG) measurements) of all subjects of a clinical study 
(Figure 1). It is important to note that the MARD is a mea-
surement of the performance of the system (= sensor + 
algorithm) rather than the sensor element alone. The impact 
of the algorithm should not be underestimated—its design 
allows trading-off accuracy against “drop out time“ of the 
CGM system. For redundant sensor configurations, a 
“joint” MARD can be obtained as the processed output of 
the multiple individual sensors with some weight, for 
example, according to the “health” of the sensor.

Reported as a percentage, MARD is the average of the 
absolute difference between these values. The less the 
MARD is, the closer are the CGM readings to the compari-
son values. Typically a CGM system with a MARD <10% is 
regarded to have good analytical performance. The MARD 

is a statistical approach used in other respects as well; how-
ever, it is not used often to characterize the performance of 
systems for SMBG as it doesn’t distinguish between preci-
sion and bias (and is therefore also not mentioned in the 
respective ISO standard) and in other areas of diabetes 
research.2 It is worth to note that the MARD does not differ-
entiate between positive and negative errors or between sys-
tematic and random errors. In other words, the MARD is 
influenced by a number of factors (Table 1) and has a number 
of advantages and disadvantages (Table 2).

In the last years practically in each publication about 
CGM systems, a MARD value was reported. However, an 
attempt to find publications about MARD and its properties 
itself—with a focus on diabetes—was not very successful: A 
literature search in PubMed for this term revealed a limited 
number of such publications. Nevertheless, some of our own 
publications3-8 and others9,10 do discuss this topic. It is of 

Figure 1. Glucose values continuously monitored (CGM) 
over 24 hours and corresponding BG values measured by a 
comparison method in certain time intervals. Based on the 
absolute differences between the CGM and BG glucose (in this 
case SMBG, but can also be a different comparison method) the 
MARD is calculated according to the formula given.

Table 1. Factors That Influence the Assessment of the MARD.

CGM system-inherent factors (intrinsic performance of the system)
• Calibration
• Performance of the CGM sensor over time
• Sensor to sensor variation
•  Algorithms and smoothing filters implemented in the CGM 

systems
Not CGM system-inherent factors
•  Insertion factors (competency of sensor insertion, body site, 

movement)
• Physiological time delay between CGM and BG measurements
• Range and distribution of the paired glucose values
• Rate of change in glycemia
• Study design / study population
•  Implementation of the study design (controlled vs 

uncontrolled environment, time of day, day 1 vs day 2-X, 
dynamic variation in glucose concentration, number of 
measurements, synchronization of CGM, and comparison 
method)

• Direction of the deviations from the comparison method
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interest to note that different studies with the same CGM sys-
tem provide impressively different MARD results (Table 3 
and Figure 2). For example, the MARD of the Dexcom G4 
has been reported as everything between 11% and 21%, 
without any regularity over time which could be explained as 
an improvement of the sensor (eg, the first batch being worse 
than subsequent versions). In the following different aspects 
will be discussed that are of relevance for interpreting the 
MARD and that explain why such differences in MARD 
have to be expected.

Median or Mean

Usage of the median instead of the mean absolute relative 
difference (MARD) has pro and cons: outliers have reduced 
impact on the median in comparison to the mean value; how-
ever, conversely, if a data set has a several outliers, these are 
somewhat hidden by using the median. Usually the median 
ARD is lower than the mean ARD, the median ARD is nearly 
0.8 multiplied by the MARD. This relationship been observed 
both empirically for multiple data sets and has been shown 
theoretically.9 Outliers have essentially no influence on the 
median ARD and only a small influence on MARD. From a 
clinical point of view or better from a patient point of view, 
outliers are of relevance when the patient is adapting his 
therapy on such a value. In publications, it is often not clearly 
stated if the given MARD represents the median or mean.

Glucose Range

Due to differences in the analytical performance of the CGM 
system and the comparison measurement system when it 
comes to measurement of glucose in the hypo-, eu-, and 
hyperglycemic range (plus the fact that the CGM system 
measures glucose in ISF and the comparison system in 
blood), the MARD of a given CGM system might differ 
between these ranges, that is, the MARD can be worse in the 
hypoglycemic range in comparison to the euglycemic range.9 
Thus, not only an overall MARD should be reported, but also 
stratified MARD values for different glucose ranges. As an 
alternative way to account for this effect, it has recently been 
proposed to normalize MARD based on some comparison 
distribution for paired glucose measurements in order to 
make values from different clinical trials more comparable.8

Precision of CGM Systems

A key advantage of CGM is the high frequency of measure-
ment. However, as MARD requires using temporarily 
matched comparison values, and comparison values are not 
available with the same frequency, many CGM values are 
not used. An alternative metric, the precision of CGM sys-
tems, overcomes this limitation by using the data obtained 
from two CGM systems (of the same make and model!) 
worn in parallel by the same patient; this enables calculation 
of the “precision absolute relative difference” (PARD; see 
below).5,6,19 An additional advantage of the PARD—besides 
making use of all CGM data available—is that it does not 
measure glucose in two different compartments (= all physi-
ological differences [see below] are not of relevance).

In general, it is appropriate to assume that both CGM sys-
tems have more or less identical errors; however, also differ-
ent CGM systems can be used (as an attempt to have a 
continuous comparison measurement signal instead of the 
relatively sparse BG measurements) (see below), but of 
course we may not assume that the errors will be the same.

Timing of Comparison Measurements 
and Quality of such Measurements

For the calculation of the MARD CGM values are brought 
in relation to the “true” glucose value measured in blood 
samples. The underlying assumption of this approach is that 
the “ comparison measurements” (ie, those produced by the 
comparison method) are inherently error free—which in 
reality is not true, as also this comparison method has a 
more or less large measurement error. Thus, the MARD 
does not only reflect the analytical performance of the CGM 
system under test, but also that of the comparison measure-
ment. In other words, the calculation of the MARD includes 
the influence of both bias (= accuracy) and precision. As an 
example, consider two perfectly accurate but different CGM 
systems (when using one CGM system but measure with 

Table 2. List of Advantages and Disadvantages of the MARD.

Advantages
-  Provide information about analytical performance of CGM 

systems in one number
- Widely used
-  Perceived as a parameter enabling comparison of the 

performance of different CGM systems
Disadvantages
-  Only a small portion of CGM data is used for calculation of 

MARD
-  Addition information provided by CGM systems like trend and 

rate-of change are not taken into account
-  The same holds true for frequency and relevance of artifacts 

(eg, signal dropouts) that most often will not be recognized by 
relatively seldom performed comparison measurements

-  Although MARD is influenced by both accuracy metrics, bias 
and precision of CGM measurements, it does not allow to 
distinguish between the two

-  MARD does not differentiate between a positive or negative 
bias to the comparison measurements

-  Overall MARD does not provide information during the time 
between the sporadic comparison measurements

-  MARD does not provide specific information during time 
periods with dynamic changes in glycemia or during episodes 
of hypo- or hyperglycemia

-  MARD does not provide information about transient large 
sensor inaccuracies (induced by a calibration issue or 
movement artifacts)

- MARD does not reflect durability of the sensor
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Figure 2. (continued)
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two devices in the same subjects, the PARD can be calcu-
lated; see below) with an expected bias of zero across the 
entire range of measurement, but with some random mea-
surement errors. If these two systems are tested against each 
other and the MARD is computed from the paired measure-
ments, this MARD will not be zero—it will reflect the pres-
ence of the measurement errors. One would need to have 
both “perfect accuracy” (no bias) and “perfect precision” 

(no measurement errors) in order to obtain a MARD of zero. 
It might also be, that two quite different CGM systems have 
the same MARD, but are quite different with respect to bias 
and precision: one has a good precision, but a large bias and 
the other has a small bias, but a bad precision. What is clini-
cally more relevant?

More precisely, some additional aspects have to be 
considered:

Figure 2. Graphical representation of the MARD values obtained in the different studies listed in Table 3. (a) MARD values separated 
for the different CGM systems and year the respective studies were published. (b) MARD values sorted by CGM manufacturer / CGM 
system and year the respective studies were published.
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1. The error distribution of the test method (= CGM sys-
tem) and of the comparison method should be similar 
and the magnitude of bias and random error of the com-
parison method should be lower. If the comparison 
method is a good laboratory method, then its error might 
be <±2%; however, if BG systems are used as com-
parison systems, as it is frequently done, their errors are 
in the range of ±5% to ±15%. As most recent CGM 
systems have a low measurement error, their analytical 
performance comes close to that of at least some com-
parison methods, but for reasons of principle can never 
reach this. Especially at low glucose levels, the random 
error of the comparison method may be particularly 
high and, therefore, important to consider.

2. The number of comparison measurements has a 
massive impact on the MARD. Therefore, results 
obtained in clinical studies under highly controlled 
conditions and frequent comparison measurements 
differ from that obtained under real-world condi-
tions (with more sparse comparison measurements 
and most often usage of a comparison method with a 
lower measurement quality).

3. As already discussed, the distribution of the compari-
son measurements in the glucose value range is of 
high importance.

4. The MARD does not consider the time periods between 
comparison measurements, that is, there might be a 
higher number of parallel measurements during day-
time, but only a limited number during the night. It is 
not clear immediately if the performance of CGM sys-
tems is equally good during both times, especially 
because during night time there may be additional 
mechanical stresses as the patient may induce a com-
pression artefact when lying on the glucose sensor.

Dynamic Changes in Glycemia

Patients with diabetes exhibit more or less pronounced glu-
cose swings in daily life, that is, glycemia changes over time 
with different rates. Glucose variability make patients also 
prone to develop acute glycemic deteriorations into clinical 
relevant ranges outside the physiological range; however, 
there are considerable differences in the risk of patients 
(depending on many other factors) to become hypo- or 
hyperglycemic.5,19,51

It is important to acknowledge that the measurements for 
MARD calculation are performed in two different compart-
ments. When glucose levels are more or less constant (rate of 
glucose change <1 mg/dl/min), the glucose levels in BG and 
ISF are practically identical. However, in case of swings in 
glycemia (= rate of change >1 mg/dl/min) physiological dif-
ferences in glucose levels between both compartments show 
up. In other words, a rapid increase in glycemia after eating 
a meal with rapidly absorbable carbohydrates does not result 
in an immediate increase in CGM recordings; a decrease in 

peripheral glucose levels during exercise is not directly 
reflected in a decline in BG levels, a not removable (albeit 
predictable) time delay shows up.3 Such differences can lead 
to relevant differences in insulin dose selection depending on 
which glucose signal the selection is based on.52

The extent of differences in numbers does not only depend 
on the rate of change in glucose levels and the CGM system 
studied (Figures 2 and 3), it can also depend on the period of 
the day and different body sites. The knowledge about how 
constant this time delay is and to which extent it differs inter- 
and intraindividually is limited.3,7 An additional “physical” 
time delay is introduced by the measurement technique and 
data filtering plus analysis; however, this delay is in the 
range of seconds or minutes with most CGM systems. The 
algorithms implemented into the CGM systems try to com-
pensate for this delay. The reported CGM values are an esti-
mated/predicted BG value. This is done since (1) patients are 
used to interpreting BG values and (2) BG values are used 
for calibrating and (3) verifying CGM values.

The impact of the rate of change of glycemia on MARD 
values has two reasons:

1. The time delay seen by a CGM system expresses 
itself as a “wrong” concentration measurement, 
which is in fact not true.

2. The additional physical time delay of a given CGM 
system (with considerable differences between them 
due to different diffusion times, algorithms used to 
calculate the glucose values from the current mea-
sured by the glucose sensor by using a calibration 
algorithm while trying to reduce noise at the same 
time, etc) can make this difference between BG and 
ISF glucose larger or smaller. In the example shown 
in Figure 3 the shorter physical time delay of one 
CGM system leads to a lower MARD than that of the 
other CGM system with a longer time delay. At the 
same time, the overall MARD of both CGM systems 
was relatively similar (9% vs 11%).

Figure 3. MARD during glucose swings (= periods of rapid 
glucose changes) for two different CGM systems as a function of 
the rate of change.19
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Currently therapeutic decision-making is based on SMBG-
related thinking, that is, the assumption that a given BG spot 
measurement provides “reliable” insights into the glucose 
changes over time. Such spot measurements are made with 
high accuracy; however, they provide only snap shots of 
changes over time in comparison to CGM systems which pro-
vide a complete picture. The lower accuracy of glucose con-
centration measurements with CGM systems is compensated 
by the additional information (trend arrows, alarms) provided. 
Nevertheless, also these CGM measurements are affected with 
errors. The MARD only considers the error in glucose concen-
tration measurement and does not take these additional CGM 
information into account; however, when therapeutic deci-
sions are based on CGM data, they can be taken into account.52

Compensation of the time delay during analysis of clinical 
trial data leads to lower MARD values. Manufacturers of 
CGM systems make attempts to do so as well during daily life 
usage of CGM systems by using “smart” sensors; such CGM 
systems use algorithms to improve their performance.14

Differences between glucose values measured at the same 
point in time with a BG system and a CGM system can be 
disturbing for patients (and diabetologists) if they are not 
aware of the physiological background of these.52 They 
might lose confidence in the technology. This can be even 
worse if alarms are generated by the CGM systems that are 
not confirmed by BG measurements. Such issues have to be 
addressed in CGM teaching and training programs.53

Performance of an Individual Glucose 
Sensor

The MARD does not allow making an accurate statement 
about the performance of given glucose sensors of one type 
of CGM system. Relatively high numbers of the standard 
deviation (as a reflection of the differences in MARD 
between sensors) often given with the calculated mean (or 
median) MARD indicate that considerable differences 
between the performances of glucose sensors show up in 
reality. However, MARD does not distinguish whether they 
are due to the analytical performance of the sensors them-
selves or if they reflect physiological factors (and movement 
artifacts) at the insertion site of the sensors (see below).

In other words, the MARD provides a number that reflects 
the total performance of a given CGM system in a clinical 
study, but is not as accurate when it is used to characterize 
the specific sensor alone. This in turn has relevance for the 
clinical usage of CGM systems; the therapeutic decision in a 
given moment is based on the glucose value provided by the 
sensor, but the error of this value will not be the same for 
every patient and sensor of the same make.

Calibration

The performance of a glucose sensor is potentially massively 
influenced by the calibration procedure; this can induce a 

systematic deviation with respect to the measurement results 
obtained with the comparison method. CGM systems that 
require calibration need BG measurements for this purpose 
in regular intervals after the glucose sensor was inserted (“in 
vivo” calibration). Two broadly used systems (FreeStyle 
Libre and Dexcom G6) are calibrated during the manufactur-
ing process. Patients don’t need to perform any BG measure-
ments when using such CGM systems; however, they have 
an option to do so in case of the G6. Prerequisite is a homog-
enous manufacturing of the glucose sensors over time and 
the assumption that the tissue conditions in the subcutaneous 
space within a patient and between patients are also “con-
stant”; that is, the ratio between the in vitro and the in vivo 
sensitivity of a CGM sensor needs to be constant over time 
both within-patients and between patients

Optimal calibration of CGM systems requires that BG 
measurements are performed adequately (ie, avoiding user 
errors) with BG systems with a good quality. Performance of 
a “quality check” by BG measurements once per day helps 
ensure that the measurement of a given CGM system is not 
too far removed from the BG values; even for current CGM 
systems where calibration is not mandatory. In clinical stud-
ies with CGM systems, the same BG system should be used 
for performing calibration measurements by different 
patients to avoid additional sources of variability.

Consistency of MARD Over Time of 
CGM Usage

After insertion of the glucose sensor through the skin into the 
subcutaneous space it usually takes some hours until reliable 
measurement results are possible (“run-in phase”).19 The 
MARD in this period of time is high and declines in thereaf-
ter, that is, the analytical performance is better after this run-
in phase for a number of days before it starts to worsen. 
Depending on which data are used for MARD calculation 
(including those of the run-in phase or not) and those of the 
days before the decline in performance starts (usually the rec-
ommended duration of use) the MARD might differ. Not only 
a summary MARD should be provided, but also calculations 
for all usage days (ie, MARD per day). Such a stratification 
over time provides instructive information about the changes 
in analytical performance of different CGM systems.54

The measurement performance of a given glucose sensor 
is also influenced by the conditions it is exposed to in the 
subcutaneous space. If the sensor tip is moved around all the 
time by movements of the patient (including “micro move-
ments” that are not visible) or pressure is applied on the skin 
area around the sensor insertion site (eg, during sleep or sit-
ting), this can affect tissue physiology such as exchange rates 
of glucose between blood and ISF and local blood flow 
around the sensor tip. Such effects can induce acute changes 
in the performance of the CGM system that lead to erroneous 
glucose readings or result in transient signal disruption but 
can last several hours.55 Nontransient long-term changes 
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(“sensor fouling”) in glucose sensor performance have been 
described previously in detail.56

Impact of Algorithms and Filters 
Implemented in CGM Systems

It is important to understand that the CGM data used for 
MARD calculation are not the raw glucose signals measured 
by the glucose sensor, but those provided by the CGM sys-
tem as output (stored data that can be downloaded for subse-
quent analysis). As the raw data, which are measured truly 
continuously, are superimposed with considerable amounts 
of noise and artifacts (with considerable differences between 
CGM systems depending on the sensor technology used), the 
data stream provided by the glucose sensor undergoes robust 
filtering and analysis by algorithms. Thereby the signal out-
put is improved massively; however, it is an inherent feature 
of, for example, smoothing algorithms to introduce at least 
some physical time delay. Not much is known about the 
impact of algorithms and filtering on the MARD as the man-
ufacturers of these devices regard these data and computa-
tional improvement opportunities as proprietary intellectual 
property, and the raw data, the sensor current, is rarely if ever 
available to outside parties or the end users.3

Estimation of MARD in Clinical Studies

The minimum performance criteria for BG systems are 
defined in the internationally accepted standard ISO 15197. 
The requirements for SMBG system accuracy are based on 
three considerations:

-  the effectiveness of current technology for monitoring 
patients with diabetes mellitus

-  recommendations of diabetes researchers as well as 
existing product standards and regulatory guidelines

- the state-of-the-art of BG monitoring technology

The advantage of having such a standard are:

-  manufacturers know how good a newly developed BG 
system must be

-  authorities know how good a BG system has to be in 
order to approve a new product

-  clinicians and patients know how well they can trust 
the BG measurement results

As long as no internationally accepted standard for the 
performance of clinical evaluation studies of CGM systems 
is established and accepted by manufacturers, authorities and 
clinicians, each manufacturer can design and perform clini-
cal studies according to its own discretion. Such a standard 
should also include recommendations for a structured and 
systematic evaluation of MARD; ideally in head-to-head 

studies. Without such an approach MARD numbers obtained 
by different studies have to be regarded with great care. The 
following aspects have to be taken into consideration:

Study Design

If the study design avoids large swings in glycemia, the 
MARD will be lower in comparison to the situation in which 
these show up. Ideally, two (or more) CGM systems would 
be studied in a head-to-head approach, as this neutralizes the 
potential impact of study cohort or study setting differences.

Patient Groups

Studies with patients with type 1 diabetes most probably will 
lead to higher MARD values than those with patients with 
type 2 diabetes as those with type 1 usually have larger 
swings in glycemia. Additionally, studies with well-con-
trolled patients with a lower level of glycemic variability are 
expected to result in lower MARDs.

Reporting of Study Results

Besides providing an overall MARD (= mean of interindi-
vidual MARD values) as main study outcome, additional 
analyses should be performed providing MARD for time 
periods with different rates of glucose changes, different glu-
cose ranges, night and day, duration of CGM usage. The 
MARD data obtained with all individual patients in a given 
clinical study should be presented in a sorted manner, listing 
the MARD by individual patient is one approach, or one can 
simply use the frequency distribution for the observed 
MARD within patients. This also provides information about 
the range of MARD results obtained with a given CGM sys-
tem in different patients. The effect of compensation of mea-
surement delays of the sensors should also be analyzed. This 
enables to construct a relation between the clinical study 
design and the accuracy of the computed MARD value. 
When two or more different CGM systems were studied in 
parallel, results of head-to-head assessments should also be 
presented. At least for some patients also intraindividual 
MARD data should be presented (if a given CGM system is 
used with multiple glucose sensors over time).

Such presentation of all MARD data available provide a 
better understanding of the CGM system performance and 
supports comparison of different CGM systems plus facili-
tates understanding the improvement seen with different 
generations of a given CGM system.

MARD Values of Different CGM 
Systems Obtained in Clinical Studies

For an optimal usability from a clinical point of view, CGM 
systems should provide glucose values that accurately reflect 
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BG values, that is, the glucose measurement should be per-
formed with a high accuracy, good precision, and without out-
liers. One would assume that exactly this is evaluated in the 
multitude of clinical studies performed over time with differ-
ent CGM systems (Table 3 and Figure 2). The range of MARD 
values seen with each of the different CGM systems listed can 
be attributed to the variability in study design, patient selec-
tion, comparison method, and so on used. However, this also 
implies that if the MARD and the way it is measured in clini-
cal studies were a really reliable parameter, different studies 
would provide more or less the same MARD. In other words, 
by selecting certain study conditions (eg, more patients with 
type 2 diabetes), one can influence the MARD in the preferred 
direction, which is usually toward lower values. Without more 
standardized clinical trials, the MARD is not a reliable param-
eter from an analytical point of view.

Discussion and Conclusion

In view of the rapid improvements seen in the last 15 years 
with respect to the analytical performance of CGM systems, 
there is a clear need for a parameter that characterizes it ade-
quately. Despite all its limitations, currently the overall 
MARD is the most often used parameter to characterize the 
analytical performance of CGM systems. This was appropri-
ate when the MARD was established, as CGM systems were 
approved for “adjunctive use” only, that is, therapeutic deci-
sions had to be based on additional (confirmation?) BG mea-
surements. However, nowadays CGM systems are approved 
as “nonadjunctive”-systems. In this case use of the MARD 
as sole parameter to characterize the performance of CGM 
systems is not sufficient. For example, the overestimation of 
the performance using the MARD of a given CGM obtained 
if large swings in glycemia are avoided, is one clear example 
of such critical topics—it is hard to understand why the very 
same sensor is reported to have any MARD between 11% 
and 21%. As CGM systems are an essential part of each AID 
system, an in-depth evaluation of the performance of such 
CGM systems is critical.

From the regulative side, this has not yet happed, the one 
approved guideline for the evaluation of CGM systems 
(POCT-05 from CLSI; https://clsi.org/media/1502/poct05a_
sample.pdf) that does exist is from 2008 and describes 
generic performance metrics and how studies should be 
designed and the data analyzed, but no acceptance criteria 
(like for BG systems) are given—a new version of this 
guideline is currently in preparation. The FDA has recently 
formulated criteria for a minimal performance of CGM sys-
tems that are used in combination with AID (“iCGM”; 
https://www.fda.gov/newsevents/newsroom/pressannounce-
ments/ucm602870.htm), but those are (so far) not binding 
for approval, but fulfilling them merely facilitates the 
approval process.

Against this background, attempts are going on to retain 
MARD, but to improve the information provided by it with 

calculation of additional parameters like MARDs computed 
for subsets of the entire dataset of the clinical trial (stratified 
by glucose range, time of sensor wear, etc), MARD reliabil-
ity index (MRI7), or PARD.5 Another option would be to 
define parameters that provide information about concentra-
tion errors (the MARD does not differentiate between accu-
racy and precision, see above) and also incorporate the 
additional information, such as trend arrows, that CGM pro-
vides.57 Still, there is not yet a consensus which should be 
based on clinical relevance and therapeutic concepts into 
account as well, which is still missing.

Indeed, more insight is needed on several critical issues: 
what happens when glucose levels are shown x% too high 
and/or the trend arrow indicates an incorrect rate of change 
in glycemia in the near future? What are the clinical conse-
quences of a therapeutic decision based on such incorrect 
information? Do these parameters—in particular MARD—
reflect the daily experience of patients and health care pro-
fessionals? If, say, CGM systems that are reported to have 
comparable MARD values, lead to a different clinical expe-
rience, the practical relevance of the metric is unclear.

The improvement of MARD values makes the picture 
even more complex. Indeed, the manufacturers proudly 
announce an improvement in MARD from one generation of 
their CGM system to the next, and the most recent genera-
tions of CGM systems are reported to have MARD values in 
the single digit range (<10%). How low will the MARD 
become in the future? 6%? will this analytical performance 
become as good as that of BG systems? But the key question: 
it is clear from the list of factors described above, that the 
minimum MARD that can be achieved will not be zero—if 
the comparison method is SMBG, MARD values of 5% 
would never be achievable. Also the other inherent measure-
ment errors will remain with each CGM system and the com-
parison method. So the key question is: will a very low 
MARD be indicative at all of the accuracy of the device? 
Indeed, it is not even clear if a reduction in MARD from 13% 
to 10% reflects the same improvement in clinical outcome 
than a reduction from 10% to 7%.58

Summarizing, in view of the recent progress of the CGM 
systems, MARD needs to evolve as well, and in the mean-
time caution in its use is needed.
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