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Abstract
Continuous glucose monitoring (CGM) is an essential tool for modern diabetes therapy. Randomized controlled 
studies have provided evidence that hemoglobin A1c (HbA1c) results can be improved in patients with type 1  
diabetes with elevated baseline HbA1c when using CGM frequently enough and that the frequency and duration 
of hypoglycemic events can be reduced in patients with satisfactory baseline HbA1c. The CGM group within 
the Working Group Diabetes Technology (AGDT) of the German Diabetes Association (DDG) has defined evidence- 
based indications for the practical use of CGM in this consensus statement related to hypoglycemia (frequent, 
severe, or nocturnal) or hypoglycemia unawareness, insufficient metabolic control despite use of all possible 
therapeutic options and patient compliance, pregnancy associated with inadequate blood glucose results, and the 
need for more than 10 blood glucose measurements per day. Contraindications and defined preconditions for 
the successful use of CGM should be considered.
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Introduction

Of the various continuous glucose monitoring (CGM) technologies available that are based on different physical 
or (bio-) chemical principles, only minimally invasive approaches have been proven to be practicable in everyday 
situations.1,2 These approaches are all based on electrochemical conversion of glucose using biocatalysts.3,4 Accordingly, 
the glucose sensor of these CGM systems must have direct access to a compartment with a fluid containing glucose. 
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This means that the sensor, in the form of a membrane-clad, needle-shaped enzyme electrode, must be inserted through  
the skin into the subcutaneous fatty tissue to have access to interstitial fluid. The first CGM system (CGMS® Gold), 
released by Medtronic in 1999, registered changes in the interstitial glucose values but did not display them 
immediately to the patient. The readings were evaluated retrospectively.

Conversely, subsequent CGM systems developed for practical use by patients with diabetes (to which this article will 
limit itself) display glucose values in real time after an initial calibration: Guardian® REAL-Time, Enlite, Paradigm® VEO 
(insulin pump with optional attachable glucose sensor; all from Medtronic); FreeStyle® Navigator (from Abbott); and 
DexCom® Gen 4 and Animas Vibe (from Animas, with a CGM system from DexCom).

A complete CGM system comprises the glucose sensor itself that is inserted through the skin, a small electronic unit 
that is fixed onto the skin, and a separate display/storage device. The electronic unit contains the current source of the  
sensor, the amplifier of the sensor signal, and the data transmitter. The data are transferred to the pager-like display 
device via radio wave; the range supported is up to 3 m. With combined systems, i.e., where the CGM system is 
combined with an insulin pump (Paradigm VEO and Animas Vibe), it is the screen of the insulin pump that is used to 
display glucose data, which therefore replaces the separate display device. Table 1 shows the key characteristics of the 
CGM systems that promptly display actual glucose values.4

Table 1.
Characteristics of Current Continuous Glucose Monitoring Systems. Systems Combined with an Insulin 
Pump Are not Included4

Guardian REAL-Time (Enlite) DexCom G4TM FreeStyle Navigator II

Thickness of the sensor electrode [gauge (mm)] 27
(0.36)

31
(0.23)

23
(0.6)

Length of the sensor electrode (mm) 8.75 13 5

Angle of insertion (degrees) 90 45 90

Period of use (days) 6 7 5

Onset of use after positioning of the sensor (h) 2 2 1

Calibration by blood glucose measurements after x h 2, 8, then every 12 2 then every 12 1, 2, 10, 24, 72

Display of current measuring values every x min 5 5 1

Display of glucose levels over x hours 3, 6, 12, 24 1, 3, 6, 12, 24 2, 4, 6, 12, 24

Data download Possible Possible Possible

As with all electrochemical measurement principles, calibration of the sensor recordings is essential. The objective is to 
convert the (electrical) signal registered by the CGM system into a glucose value by using a blood glucose concentration 
value determined enzymatically. This calibration value cannot be recorded—for obvious biological reasons—in a sample 
taken from the same compartment. The interstitial glucose measurement (CGM) must therefore be calibrated by the 
result of a measurement from a capillary blood sample [i.e., self-monitoring of blood glucose (SMBG)].

The analytical measuring accuracy of good blood glucose meters stands at approximately 3–5%, but when patients 
use them in everyday settings, they can produce deviations of up to 20%.5 Therefore, calibration of the CGM systems 
represents a very significant source of error, and patients must carry out the calibration procedure with appropriate 
care, i.e., they must be properly trained in this procedure.

Due to certain differences caused by dynamic changes in glucose concentration in blood versus interstitial fluid, glucose 
values in both compartments are equal only in time periods when there are no rapid changes in glycemia (i.e., “steady 
state” conditions). During periods of rapidly changing glucose values, e.g., after meals or during and after physical 
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activity, differences between both compartments occur as a result of physiological conditions, which hampers the 
success of the calibration procedure.6–9

In this context, clearly both the analytical accuracy and the precision of the glucose measurement by CGM systems  
per se is of importance. Different parameters or models have been developed to assess the accuracy of CGM systems:10–16

•	 Mean absolute relative difference (MARD), i.e., the mean value of the relative differences: MARD = 1/N × ∑ 
(CGM glucose – reference glucose)N × 100 / reference glucose); N = number of measuring values.

•	 Clarke error grid plot (classification of value pairs from the CGM recording and reference measurement, where 
only the version “continuous glucose error grid plot” is useful, which takes into account the dynamics of glucose 
changes13); the assessment measures the percentage of paired values in zone A (optimal) or zone B (still regarded 
as acceptable from a clinical/diabetological perspective).

•	 Percentage of values according to International Organization for Standardization criteria for measuring accuracy:

o	 For reference glucose values ≤75 mg/dl (4.2 mmol/liter), proportion of CGM values within the tolerance of 
±15 mg/dl, and 

o	 For reference glucose values ≥75 mg/dl (4.2 mmol/liter), percentage of CGM values within the tolerance of ±20%.

•	 Reproducibility of registrations of two simultaneously measuring CGM systems in one patient.

To assess the accuracy of CGM systems, a directive has been created by the Clinical Laboratory and Standards 
Institute (CLSI).17 This CLSI directive (POCT05-A) stipulates requirements for investigating CGM systems in studies. 
The aim is to achieve comparable results and to introduce investigation and assessment standards. In this case,  
a distinction is made between the following aspects to be examined:

a.	 Accuracy of the measuring point (point accuracy);

b.	 Accuracy of the glucose trend (trend accuracy); and

c.	 Sensitivity and specificity, measuring stability, cali-
bration, and “lag time” of the CGM measurement 
(physiologically related, chronological differences 
between the blood glucose and interstitial glucose 
during a glucose rise and fall).

Clinical Use of Continuous Glucose 
Monitoring Systems
Publications with the CGM system CGMS Gold, which is  
to be used exclusively for diagnostic purposes, show 
MARD values of 11% to 14%; in the continuous glucose 
error grid plot analysis, 98% of the measured value pairs 
were in zones A and B.10,11 For CGM systems that display 
the current glucose values immediately (i.e., in real time),  
the results of a study evaluating the accuracy of CGM 
systems—Guardian REAL-Time (with Sof-Sensor), FreeStyle 
Navigator, DexCom STM™, and the GlucoDay micro-
dialysis system—are listed in Table 2.12 These results are 
comparable with data from other studies.13–16

Table 2.
Accuracy of Three Different Continuous 
Glucose Monitoring Systems in the Euglycemic 
and Hypoglycemic Range (These Are Older 
Generations of These Continuous Glucose 
Monitoring Systems)

MARD in the range of 70–180 mg/dl (mean value)

Guardian REAL-Time: 15.2%

FreeStyle Navigator: 15.3%

DexCom STMTM: 21.2%

Continuous glucose error grid plot, zone A or zones A and B in 
the range of 70–140 mg/dl

Guardian REAL-Time: 91.3% (only A), 98.9% (A and B)

FreeStyle Navigator: 93.7%, 98.6%

DexCom STM: 91.1%, 98.3%

Continuous glucose error grid plot, zone A or zones A and B in 
the range of <70 mg/dl 

Guardian REAL-Time: 81.9%, 84.4%

FreeStyle Navigator: 95.5%, 97.0%

GlucoDay: 87.3%, 96.2%
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Table 3.
Comparison of Deviations between Paired Glucose Values with the Continuous Glucose Monitoring Systems 
DexCom STM and FreeStyle Navigator in Four Different Glycemic Ranges and Measurements with  
a Blood Glucose Meter (OneTouch® Ultra) and a YSI Laboratory Glucose Analyzer as Mean Absolute  
Relative Difference12

Deviation from blood glucose monitor (%) Deviation from laboratory device  
(YSI) (%)

DexCom FreeStyle Navigator DexCom FreeStyle Navigator

MARD (40–400 mg/dl) 16.2 15.9 16.8 16.1

MARD (median): 40–80 mg/dl 16.1 19.6 15.8 22.8

81–180 mg/dl 13.6 11.4 15.1 12.3

181–300 mg/dl 11.7 10.1 12.6 6.9

301–400 mg/dl 8.9 12.1 8.3 8.1

Alongside mean value, median value is often also calculated in the MARD; this value is usually smaller because it 
is less affected by outliers.18 It is of clinical relevance to assess the accuracy of CGM systems in the hypoglycemic, 
euglycemic, and hyperglycemic ranges separately and not just the accuracy over the entire measured range from  
40–400 mg/dl (2.2–22.2 mmol/liter); the MARD can be quite different in different glycemic ranges (Table 3).18

In the assessment of measuring quality, it is important to note that CGM systems are constantly being improved,  
both in terms of their hardware (i.e., actual measuring technology) and their software (i.e., algorithms for the analysis 
and presentation of measured values). Such developments are often implemented without the device name being 
altered to reflect the change(s). Since such “development cycles” are relatively short, only the very latest literature 
can be used to assess the measuring quality of a given CGM system; this also applies to the details given in Table 1.  
The Sof-Sensor was used in the first “blind” measuring system—the CGMS—from Medtronic, which has been available 
since 1999. It was also used in the CGM systems that display the current glucose values immediately. However,  
seven generations of this Sof-Sensor were used up until 2011 when the successor model “Enlite” was launched 
commercially in the European Union. Compared with the last Sof-Sensor, the Enlite offers not only improved comfort 
when inserting the actual sensor and wearing it, but also a greater accuracy, with a MARD of 14.1% over 6 days 
versus 15.2% for the Sof-Sensor.19,20 With the DexCom CGM systems, the fourth generation is currently on the market, 
with similarly improved measuring quality.21

Even if the accuracy of spot glucose measurements in glucose profiles recorded with CGM systems is lower than  
that of meters used for SMBG, they are regarded as a reliable dynamic monitoring system, and approval for patient 
use was granted under defined conditions by the regulatory authorities (Food and Drug Administration in the  
United States and Communauté Européenne mark in Europe). However, patients are supposed to perform conventional 
SMBG before any therapeutic measure, such as the determination and delivery of an insulin dose. One reason  
for these regulatory requirements is the differences in glucose levels between the two compartments in which the 
CGM systems are recording glucose levels and the glucose levels measured by SMBG, especially in the case of  
rapidly changing glucose levels (discussed earlier).7,8,16 Another reason is errors made by the patients while calibrating 
CGM systems.

Indications for Use of Continuous Glucose Monitoring Systems 
Continuous glucose monitoring systems can be used to monitor the current “disease status,” in this case, glucose levels 
(Figure 1). Initially, it is irrelevant whether the measured values are displayed immediately or are available only at 
a later stage; these measuring results help the treating physician to assess a patient’s therapy. However, CGM can 
also be used as a tool to accompany therapy, provided that the given patient with diabetes is able to determine the 
delivery of insulin based on the current glucose values and make his own treatment decisions. 
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Figure 1. General differences in the use of CGM systems.

Therapy-related use of CGM by patients requires real-time display of glucose values. This does not rule out the 
need for patients to perform SMBG for safety reasons before making any changes to their insulin therapy. Such a 
monitoring of glucose levels is comparable with long-term electrocardiogram recordings. Support and evaluation is 
required from trained medical personnel and it is not considered a direct tool for treatment.

Through personalized and flexible adaptation of their therapy in response to their current glucose levels and from 
knowing their current glucose status, and—more importantly, the trends in changes in their glucose levels—patients 
can achieve improved metabolic control and a minimized risk of acute metabolic deteriorations. A number of clinical 
studies have confirmed such metabolic improvement.22–31 These studies also provide evidence of the increased safety  
of diabetes treatment and an associated improvement in quality of life.32,33

Monitoring of Glucose Levels
The two CGM systems, CGMS Gold and CGMS iPro 2 from Medtronic, essentially work “blind,” and the DexCom STM 
system has the option of switching the unit to “blind” mode. “Blind” means that the glucose values are not displayed 
to the patient and therefore cannot be used on a direct and situational basis for diabetes treatment. The data are  
stored in the CGM system and are evaluated retrospectively following the completion of the recording period, which 
provides an insight into glucose metabolism mechanisms during the measuring period that has not been influenced 
by the patient.
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In principle, even an “open, nonblind” CGM system can be used to record glucose levels for (diagnostic) assessment  
of metabolic adjustments. To assess glucose levels or to optimize treatment, however, it is essential that all activities 
(meals, physical activity) and therapeutic measures (administration of insulin) that can influence these levels are 
meticulously documented by the patient.

In Germany, with regard to the reimbursement of costs, this area of application for CGM systems needs to be taken into 
account in the catalog of the uniform assessment standard, which has not been the case. Only in the physicians’ scale  
of fees for private medical treatments can the use of CGM systems be represented under “diagnostic” investigations 
and be billed in the same manner as long-term electrocardiograms.34

Use of Continuous Glucose Monitoring as Guidance for Treatment
Continuous glucose monitoring systems that immediately display the current glucose values provide the patient 
with continuous information about their current metabolic status and, therefore, additionally with constant indicator 
information about the trend in glucose changes. In everyday situations, this information facilitates the countless 
therapeutic decisions that patients with diabetes need to make in relation to food intake, exercise, and insulin delivery 
(although this therapeutic decision intervention requires additional performance of SMBG).  Consequently, this type of 
monitoring actually satisfies a long-held wish of patients with diabetes and the physicians who treat them.

The everyday suitability of CGM systems specifically includes the relatively simple insertion and removal of sensors 
and the handling of the CGM system itself. To ensure that the monitored glucose values can be interpreted adequately, 
the display shows the current glucose value as a number and also displays the glucose levels in the form of a little 
graph over a time period, which can be set from 1 to 24 h retrospectively, depending on the CGM system (Table 1). 
An arrow after the numerical value also represents the current glucose trend; its direction clarifies the magnitude of 
change in glucose levels. Combination of these three pieces of information (current value, magnitude of change in 
glucose levels, and glucose trend) allows patients to quickly assess their current metabolic control and to check the 
success (or failure) of recent changes made in their antidiabetic treatment and other measures that influence glycemia 
(e.g., exercise). The associated (early) warnings against acute glycemic deteriorations play a particularly important role  
in this context. Patients are immediately able to tell whether

•	 They are at risk of a hypoglycemic event;

•	 There is an inappropriate increase in postprandial glycemia;

•	 The insulin dose selected was appropriate for the current meal; or

•	 Physical activity needs to be compensated for with, e.g., the intake of additional carbohydrates.

The CGM systems can alert patients to glucose values that are too low or too high via audible alarms and/or vibration 
alarms, which can be turned on and off. This reduces the risk of nighttime hypoglycemic events.25,30 The CGM systems 
offer different versions of these warning signals, which can be customized for each patient. For example, a pre-alarm  
can be triggered if rapid changes occur in the patient’s glucose levels, which means that if the glucose values are 
expected to become too low or too high within a preset period of time, then the system will alarm. This gives patients 
time to respond appropriately. Of course, false alarms cannot be ruled out in this instance.

Using CGM systems in daily life can be beneficial if patients with diabetes systematically make therapeutic interventions 
to optimize their diabetes management. This is the case for all patients who respond flexibly to current metabolic 
requirements by applying an intensive insulin therapy (IIT; multiple daily injections of insulin). This involves not only 
adapting the prandial insulin dose, but also responding appropriately to rapidly decreasing or rising glucose values. 
Patients who use an insulin pump [continuous subcutaneous insulin infusion (CSII) therapy] for their treatment can 
respond with additional flexibility. In this case, recorded glucose profiles and SMBG can be used for adapting insulin 
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therapy adequately to current needs, e.g., by varying the individually adjusted multibasal rate programming, making 
temporary changes to the basal rate, and using various bolus options to adapt to various meals. These opportunities can 
be utilized even more effectively with CGM than is the case with SMBG alone (with usually 4–6 measurements per 
day). Consequently, the next logical step was to combine the insulin pump with a CGM system. This combination led 
to a new therapeutic option, the so-called sensor-augmented pump (SaP) therapy. With the two device combinations, 
Animas® Vibe™ (available in Europe) and the model Paradigm REAL-Time (between 2006 and 2009), the measuring 
results of the CGM system have/had no automatic influence on the pump’s delivery of insulin.

With the Paradigm VEO model (on the market in Europe since 2010), an automatic intervention by the combined system 
takes place for the first time: in case of low glucose levels, or if there is a risk of hypoglycemia (depending on the set 
threshold values), the device first triggers an alarm. If the patient does not respond to this alarm within a defined 
period, for example, because he is in a deep sleep, the insulin pump autonomously suspends the insulin infusion 
for a maximum of 120 min. Once this time has elapsed, it automatically resumes insulin infusion if the patient has 
not already done this manually. The risk of developing hypoglycemia can thus be reduced with this system.35–40  
This direct coupling of a CGM system to an insulin pump, and the resulting first-ever automated feature, represents 
the first important step toward a fully automatic insulin application (i.e., artificial pancreas).

Clinical Evidence for the Use of Continuous Glucose Monitoring Systems:  
Possibilities and Limitations
As with any form of therapeutic intervention, the evidence for CGM system use must be confirmed with randomized, 
controlled clinical studies [randomized controlled trials (RCTs)] . The search for evidence for the purely “diagnostic” 
CGM application to record glucose levels makes limited sense, as its use is comparable with the method of magnetic 
resonance tomography or an X ray (the term “professional CGM” is used for this application of CGM systems).  
A diagnostic measure per se has no impact on any outcome; it is always the “translation” into a therapeutic intervention 
that has such an impact. It is the physician who defines—after interpreting the CGM data—a change of treatment;  
for example, the physician counsels the patient on this therapy and therefore ultimately effects the patient’s adaptation 
to the new therapy. In this case, it is not actually possible to use the hemoglobin A1c (HbA1c) value, which is a 
measure to assess metabolic control, nor the number of hypoglycemic events as clinical evidence for CGM systems 
because, in reality, the “success” of CGM as a diagnostic tool is determined by the physicians’ experience, the skills of 
the counseling team, and the patient’s training and compliance.

Nevertheless, there are a number of studies on CGM use with “blind” recording of glucose levels, from which clinical 
evidence was derived; however, rather than strictly adhering to CGM use only, the skills of the physicians and patient 
were also evaluated with regard to the treatment optimization.41–43 Various RCTs have also been carried out in which 
the investigation was geared toward treatments and methods with a diagnostic background, and in these instances, 
CGM supported the assessment of these interventions.44–46 A typical example of this is the detection of nocturnal 
hypoglycemic episodes.47

The situation is fundamentally different with “open,” real-time use of CGM. In this case, the patient sees his current 
glucose values and can respond immediately by adjusting therapy accordingly. However, there are again several 
aspects with this form of CGM use that limit the demonstrative power of RCTs in confirming evidence for this 
method. Essentially, it requires that patients use this method correctly and draw adequate conclusions from the data 
for immediate adaptation of their therapy. If they are unable to respond appropriately, CGM is unable to have any 
effect; again, CGM has no effect per se. This is clearly different from double-blind, placebo-controlled studies with 
drugs. A measuring procedure that accompanies treatment is largely affected by the training and motivation of patients 
to interpret the glucose results and draw corresponding therapeutic conclusions; it appears that not enough weight 
has been given to this fact in all respective studies.

Given that CGM cannot be investigated in a double-blind manner, evidence is also limited in this regard. Therefore, 
the best possible evidence for the use of any monitoring method, such as CGM, to accompany therapy comes from 
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open, multicenter RCTs with competent diabetes teams and appropriately trained and motivated patients. It has 
been mentioned before that, due to the rapid development of technology, new generations of CGM systems become 
available before such RCTs are completed; in effect, the outcomes of such data refer to outdated systems when they 
are published. Again, this is in contrast to antidiabetic drugs that remained “stable” once they enter later phases of 
clinical development and in the decades after their approval. However, in view of the improvements made in the 
technical performance and reliability of CGM systems, this is, at the same time, an inherent part of all technologies 
that must be taken into account.

Clinical Evidence for the Use of Continuous Glucose Monitoring  
to Accompany and Guide Therapy
The benefits of CGM have been studied in several RCTs. The main aim of these studies was to confirm if CGM use is  
associated with an improvement in metabolic control (i.e., HbA1c) and/or a reduction in the frequency of hypoglycemic 
events or the duration in which the glucose values remain in the low (hypoglycemic) range.22–31 A comprehensive 
overview about these studies is given in Table 4 and Figure 2. Subsequently, the use of CGM systems for various 
clinical questions and the evidence for these is discussed. 

Figure 2. Changes in metabolic control (reduction in HbA1c compared with the baseline value) and in the hypoglycemic frequency in randomized, 
controlled studies (marked with appropriate colors) with usage of CGM systems, in some cases also with SaP therapy.23,26–31 The data relate to 
the change in hypoglycemic frequency, not direct values. (Details of studies: duration in months, year of publication, number of patients with 
preexisting insulin pump therapy, number of patients with sensor-augmented insulin pump therapy [adjustment to this option in the study]).
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Improvement in Metabolic Control
The GuardControl study demonstrated for the first time that displaying the current glucose values and trends results 
in an improvement in the metabolic control of inadequately controlled patients with diabetes.22 A total of 162 children 
and adults with type 1 diabetes in suboptimal metabolic control (initial HbA1c 9.6% ± 1.2%) were monitored over a 
period of 3 months. Subjects were randomized into three groups in relation to the intensity of use of the Guardian RT 
system: patients in group 1 (n = 54) used this system constantly, patients in group 2 (n = 54) used it every second week 
for 3 days, and patients in group 3 (n = 54) served as control group. Patients in group 1 had a significant reduction in  
HbA1c (1.0% ± 1.1%) without an increase in the number of hypoglycemic episodes. In half the patients, HbA1c fell by 
≥1%; 26% even achieved a reduction of ≥2%. Occasional use of the CGM system led to a mean improvement in HbA1c 
of 0.6% in group 2; however, as shown by the patients in the control group, participation in the study per se led to a 
mean reduction in HbA1c by 0.4%.

Use of CGM also improved metabolic control in patients with a good baseline HbA1c value as shown in the Juvenile 
Diabetes Research Foundation (JDRF) study, which included 322 patients with type 1 diabetes (inclusion criterion, 
HbA1c 7–10%).24 The patients were divided into three age groups: children aged 8–14 years, young adults aged 15–24 years,  
and adults of 25 years and older. This study, which was commissioned by the independent JDRF (funded exclusively 
by donations), methodically presents the best evidence for CGM use and was published in a highly ranked journal. 
All three CGM systems that were available on the market in the United States at this point in time were studied; 
however, the data were not analyzed according to the individual CGM system used. Contrary to a company-driven 
study, the aim of this study was to study the “class effect” of CGM. Patients in the intervention group used CGM in 
addition to standard SMBG throughout the study period of 12 months, while patients in the control group initially 
used SMBG only to monitor their metabolism. After 6 months into the study, the patients in the control group were 
switched to CGM systems also. In the adult patients, use of the CGM systems led to a significant improvement in 
metabolic control: the average HbA1c was reduced by 0.53% from 7.60% to 7.07% after 6 months. However, the children 
and adolescents in the two other age groups showed no significant improvement in their metabolic control compared 
with those in the control group. Among children, the HbA1c improved by 0.37% when the CGM systems were used; 
however, the metabolic control in the children in the control group also improved by 0.22%. In this study, the obvious 
reason for this “negative” outcome was that these patients used the CGM devices for shorter periods of time than the 
patients in the adult group (discussed later). 

In another study, the use of a CGM system versus SMBG was studied with 120 well-controlled patients with type 1 
diabetes (baseline HbA1c 6.9%).30 Patients in the intervention and the control group were comparable [average age, 26 years; 
duration of diabetes, 11.5 years; proportion of pediatric patients (age 10–17 years), 26%]. However, the proportion of 
patients on CSII in the intervention group was higher (76% versus 59%). Patients in both groups used a “blind” CGM 
system every 2 weeks to record their glucose profiles over 5 days. Over a period of 26 weeks, the study documented 
not only the time spent in the hypoglycemic range (<63 mg/dl), but also changes in metabolic control and parameters 
describing glycemic variability. The HbA1c declined in the CGM group to 6.69% (p = .008), while it remained virtually 
at the baseline level in the control group, at 6.95%. This improvement was seen in both age groups, namely, the adults 
(reduction of 0.31% from 6.83% to 6.51%) and children (reduction of 0.23% from 7.15% to 6.92%).

Reduction in Hypoglycemic Episodes
The studies carried out to date were not using patients specifically selected according to an indication for CGM, such as  
those who are prone to frequent, severe hypoglycemic episodes or hypoglycemia unawareness. However, in all RCTs in 
which HbA1c was the primary end point, there was no increase in hypoglycemia observed [measured as hypoglycemic 
frequency and/or area under the curve (AUC) in the range ≤70 mg/dl] while the mean HbA1c was lowered.22–24,26–29

In two RCTs with well-controlled patients with type 1 diabetes, the primary end point was time spent in the low glucose 
range.25,30 In the JDRF <7 study, 129 patients aged between 8 and 69 years were studied (inclusion criterion, HbA1c 
values <7.0%).25 In the intervention group, in which patients used CGM for 6 months, time spent in the hypoglycemic 
range of <70 mg/dl was reduced by 41% (from a daily average of 91 to 54 min; p = .002). Among the patients in 
the control group, which used only SMBG, the time spent in the hypoglycemic range remained virtually unchanged 
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(reduction from 96 to 91 min, as recorded using “blinded” CGM). Time spent in the hypoglycemic range of <60 mg/dl 
was reduced even further from 40 min daily to 18 min when the CGM system was used. However, there was no 
significant difference in the number of hypoglycemic episodes between the groups. There were also no changes with 
regard to metabolic control in patients in the CGM group; the HbA1c remained constant at 6.4%. In the control group, 
the HbA1c rose slightly from 6.5% to 6.8%. In the other study with 120 well-controlled patients (baseline HbA1c value 
6.9%), time spent below a glucose level of <63 mg/dl was lower in the CGM group than the control group (0.48 ± 0.57  
versus 0.97 ± 1.66 h/day; p = .03).30 There was no difference between the age groups in the intervention group regarding 
time spent per day in this range: children (48%) and adults (54%).

Influence of the Period of Use of Continuous Glucose Monitoring Systems on their Effectiveness
As described previously, a key outcome of the GuardControl study was that only long-term and continuous use of 
CGM systems leads to a significant improvement in metabolic control. This was not the case when the CGM system 
was used only on an intermittent basis.22 This finding was also noted in other RCTs. A more detailed analyses of the 
JDRF study showed that the lack of improvement in the HbA1c in the age groups from 8–14 and 15–24 years was not 
an age-group-specific effect, but rather the result of the shorter period of use of the CGM systems compared with the 
adult group. Continuous wear of a CGM system for 6 days per week was defined as 100% compliance; however, the 
analyses of the 8–14-year-olds yielded a usage of just 50%, which fell to a mere 30% in the 15–24-year-old age group.24 

In contrast to this, the JDRF <7 study revealed no differences in the frequency of use between the age groups.25 

Baseline HbA1c values of <7%, however, strongly indicate high levels of compliance on the part of the patients in this 
study. In another RCT, only regular CGM use was of benefit with respect to metabolic control.30

Evidence of Continuous Glucose Monitoring Use in the Context of Sensor-Augmented Pump Therapy
In the studies in which this advanced therapeutic option was used, patients with IIT and CSII were included. However,  
each study had a different proportion of patients who used CSII therapy; in some RCTs, only patients on CSII were 
included (see Table 4 and Figure 2). In the multicenter REAL trend study, patients with inadequate metabolic control 
(HbA1c > 8%) using IIT were randomized to “classic” CSII therapy with SMBG or SaP therapy.27 Analyses were 
conducted separately for patients with good compliance (wearing the CGM system ≥70% of the study time) and poor 
compliance. In patients with good compliance, usage of SaP therapy led to a reduction in HbA1c of 1.23% over the  
6 months of the study. Use of CSII resulted only in an improvement of HbA1c of 0.55% (p = .004). When the data 
from all patients were analyzed together (i.e., those with good and poor compliance), a significant HbA1c difference 
was also observed between both groups. However, this difference was smaller than that seen in the group with good 
compliance; SaP use led to HbA1c reduction of 1.14%, and CSII use led to HbA1c reduction of 0.57% (p = .006).

Similar results for SaP use were observed in the Eurythmics Study and the STAR 3 study.28,29 Compared with the REAL  
trend study mentioned earlier, these two studies had a similar study design: subjects were randomized to SaP 
(intervention group) or continued optimization of IIT (control group). There was a significant improvement in metabolic 
control in the STAR 3 intervention group composed of 170 adults and 70 children and teenagers (aged between 7 and 
17 years). In the RCTs in which patients were randomized to SaP,26–29 the use of CGM systems led to an even greater 
improvement in HbA1c than when patients used IIT plus CGM.22,24

The SWITCH trial, a randomized, controlled, crossover multicenter study over 17 months included a run-in period and 
two 6-month sequences, separated by a 4-month washout period.31 Seventy-two children and 81 adults with HbA1c 
between 7.5% and 9.5% using CSII alone were randomized to CGM sensor-on or sensor-off arms for 6 months, then 
crossed over. The primary outcome was the end-of-period difference in HbA1c between sensor-on and sensor-off arms. 
The mean difference in HbA1c was -0.43% in favor of sensor-on arm, with a difference of -0.46% (p < .001) in children 
and -0.41% (p < .001) in adults. Stopping CGM system use resulted in HbA1c reverting to baseline levels.

Initial Automatic Influence on Sensor-Augmented Pump Therapy by Continuous Glucose Monitoring Systems 
to Avoid Hypoglycemic Episodes
The automated features of the CGM system for the delivery of insulin from pumps promises further improvement 
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of metabolic control and safety of treatment. Evidence for this comes from the use of a combined CGM/pump 
system with automatic suspension of the insulin delivery (basal rate as well as any remaining prolonged bolus) when 
glucose levels are low [“low-glucose suspend” (LGS) function in the case of the Paradigm Veo™ insulin pump].36 In a  
prospective study of children and young adults, using LGS, the number of events (<70 mg/dl, 1.27 ± 0.75 versus  
0.95 ± 0.49, p < .01; <40 mg/dl, 0.28 ± 0.18 versus 0.13 ± 0.14, p < .005), their duration (<70 mg/dl, 101 ± 68 versus 58 ±  
33 min/day; p < .002) and the area under the glucose profile curve (<70 mg/dl, 0.76 ± 0.61 versus 0.53 ± 0.37 mg/dl/day; 
p < .05) were reduced. In another RCT, it was shown that LGS reduced time spent in hypoglycemia in a population of  
50 subjects with type 1 diabetes (LGS-on 139 ± 77 min versus LGS-off 171 ± 76 min; p = .006).40 In principle, this option 
appears to be of help to prevent hypoglycemic episodes, particularly if the algorithm used for this is optimized further.

Meta-Analyses of Continuous Glucose Monitoring and Sensor-Augmented Insulin Pumps
In all RCTs, the reduction in HbA1c values observed was greatest when patients had elevated baseline HbA1c values 
and used the CGM system regularly.22,24,26 This is confirmed by a current meta-analysis of six studies that analyzed 
individual patient data, i.e., not just the mean results published.55 By way of comparison, in patients with a low baseline 
HbA1c value, rather than a further improvement in HbA1c, the primary outcome was a reduction in the frequency 
of hypoglycemic events or a reduction in the time and AUC in the glucose range of <70 mg/dl.25,30 This has been 
confirmed in other meta-analyses.56,57

A Cochrane report for CGM was published.58 A group of researchers from the Netherlands searched in The Cochrane 
Library, MEDLINE, EMBASE, and CINAHL for the identification of studies on using CGM systems (reported studies 
until June 2011). Selection criteria (1366 references found) were RCTs comparing retrospective or real-time CGM with 
SMBG or with another type of CGM system in patients with type 1 diabetes mellitus. Twenty-two RCTs meeting the 
inclusion criteria of this review were identified. The results of the meta-analyses performed (across all age groups) 
indicate benefit of CGM for patients using CGM compared with patients using multiple daily injections of insulin and 
SMBG. After 6 months, there was a significantly larger decline in HbA1c for real-time CGM users starting insulin pump 
therapy compared with patients using multiple daily injections of insulin and SMBG (mean difference in change in 
HbA1c level, -0.7%).

Consensus of the Continuous Glucose Monitoring Working Group of the German 
Diabetes Association Regarding the Use of Continuous Glucose Monitoring Systems to 
Accompany and Guide Therapy and the Conditions Necessary for Their Use in Practice
Based on the study evidence presented, there are already consensus statements in a number of countries with regard 
to the indications of CGM systems.59–68 These differ in certain aspects (see Appendix 1). The CGM working group  
[Working Group Diabetes Technology (AGDT)] of the German Diabetes Association regards the following indications 
as relevant for CGM systems in the context of treating patients with type 1 diabetes:

•	 Hypoglycemia, i.e., frequent, severe hypoglycemic episodes (requiring assistance from third parties), severe 
nocturnal hypoglycemia, and/or proven hypoglycemia unawareness;

•	 Unsatisfactory metabolic control if, despite the use of all available forms of treatment (including also CSII), 
good compliance and the exclusion of severe psychological/psychiatric problems, the target HbA1c level cannot 
be achieved;

•	 Before/during pregnancy with inadequate metabolic control using conventional forms of treatment; and

•	 The need to perform more than 10 blood glucose measurements per day to achieve the target HbA1c level.

Conversely, the following factors are considered to be contraindications of CGM systems:

•	 Unwillingness to increase the effort made in relation to treatment, i.e., a lack of motivation and compliance; 
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•	 Fear of technical systems and/or a lack of trust in them;

•	 Alcohol and/or drug misuse; and

•	 Severe psychological/psychiatric problems that are not the result of failed efforts to achieve improved metabolic 
control (e.g., bulimia, anorexia, psychoses).

Requirements for the use of CGM systems include

•	 Selection of patients by the professional diabetes team, including

o	Good compliance,

o	Exclusion of contraindications,

o	Exhaustion of all other available measures to optimize the metabolism (including CSII), and

o	Participation in CGM counseling and training;

•	 Support from a trained diabetologist experienced in CGM with a treatment team; and

•	 Where necessary, a personalized trial phase of CGM over a period of a few weeks with evidence of success.

Summary
A number of clinical studies have shown evidence in favor of CGM systems with respect to an improvement of 
metabolic control, reduced glucose variability, and a smaller AUC and duration of time in the hypoglycemic and 
hyperglycemic ranges. The extent of positive metabolic effects depends directly on the relative time for which CGM 
systems are worn and loses significance if they are worn for less than 50–60% of the time. Patients with high baseline 
HbA1c values are able to realize greater improvements. In patients with a low HbA1c at the start of treatment,  
a further reduction in HbA1c may not be expected; however, a reduction in the number and duration of hypoglycemic 
events is possible.

From the perspective of the AGDT, CGM system use represents a valuable option that can offer patients with diabetes 
practical support with successful insulin therapy. Structured education is an essential requirement if patients are to 
benefit from this treatment option. In Germany, the “ConClusio” program provides a structured, albeit not yet validated, 
patient training program.69

Taking into account the conditions listed here, the personal and material-related efforts required for the use of CGM 
systems appears to be justified. From our point of view, CGM systems are indispensable in certain patient groups 
with type 1 diabetes, e.g., patients with hypoglycemia unawareness.
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Appendix 1

Overview of the indications of CGM that are listed in consensus statements from various countries (arranged by 
indication).59–68

1.	 Use of CGM indicated for “hypoglycemia”

•	 Hypoglycemia unawareness (United States, United Kingdom, Spain);

•	 Nocturnal hypoglycemia (United Kingdom, Spain, France);

•	 Severe hypoglycemia with hospital admission (Switzerland);

•	 Suspected hypoglycemia with low HbA1c value (United Kingdom);

•	 Fear of hypoglycemia (United Kingdom); and

•	 ≥2 severe hypoglycemic episodes per year requiring third-party assistance (Sweden).

2.	 Use of CGM indicated for “unsatisfactory metabolic control” 

•	 HbA1c value too high [United States, United Kingdom (“high” is defined as patients with an insulin pump and 
an HbA1c of >7.5%, pregnant patients with an HbA1c of >6.1%), France (patients with IIT and HbA1c of >8.1%), 
Sweden (patients with HbA1c of >10.0%), Switzerland, Netherlands (HbA1c of >8.0%)];

•	 High glycemic variability [United States, United Kingdom, Italy (Lake Como region)]; and

•	 Discrepancy between documented blood glucose values and the mean metabolic control/HbA1c value (Spain).

3.	 Further indications of CGM systems: 

•	 Pregnant patients with type 1 diabetes (Israel) or type 1 and type 2 diabetes (Netherlands, France);

•	 CGM as an instrument for teaching patients how to understand the influence of meals, exercise/sport, and 
stressful situations on metabolic control (Spain);

•	 Children with type 1 diabetes [Netherlands (all), Slovenia (limited to ages ≤7 years)]; and

•	 Children with more than 10 blood glucose measurements per day to achieve the therapeutic goal (Sweden).


