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Randomised controlled trials and other prospective clinical studies for novel medical interventions in people with 
diabetes have traditionally reported HbA1c as the measure of average blood glucose levels for the 3 months 
preceding the HbA1c test date. The use of this measure highlights the long-established correlation between HbA1c 
and relative risk of diabetes complications; the change in the measure, before and after the therapeutic intervention, 
is used by regulators for the approval of medications for diabetes. However, with the increasing use of continuous 
glucose monitoring (CGM) in clinical practice, prospective clinical studies are also increasingly using CGM 
devices to collect data and evaluate glucose profiles among study participants, complementing HbA1c findings, and 
further assess the effects of therapeutic interventions on HbA1c. Data is collected by CGM devices at 1–5 min 
intervals, which obtains data on glycaemic excursions and periods of asymptomatic hypoglycaemia or 
hyperglycaemia (ie, details of glycaemic control that are not provided by HbA1c concentrations alone that are 
measured continuously and can be analysed in daily, weekly, or monthly timeframes). These CGM-derived metrics 
are the subject of standardised, internationally agreed reporting formats and should, therefore, be considered for 
use in all clinical studies in diabetes. The purpose of this consensus statement is to recommend the ways CGM 
data might be used in prospective clinical studies, either as a specified study endpoint or as supportive 
complementary glucose metrics, to provide clinical information that can be considered by investigators, regulators, 
companies, clinicians, and individuals with diabetes who are stakeholders in trial outcomes. In this consensus 
statement, we provide recommendations on how to optimise CGM-derived glucose data collection in clinical 
studies, including the specific glucose metrics and specific glucose metrics that should be evaluated. These 
recommendations have been endorsed by the American Association of Clinical Endocrinologists, the American 
Diabetes Association, the Association of Diabetes Care and Education Specialists, DiabetesIndia, the European 
Association for the Study of Diabetes, the International Society for Pediatric and Adolescent Diabetes, the Japanese 
Diabetes Society, and the Juvenile Diabetes Research Foundation. A standardised approach to CGM data collection 
and reporting in clinical trials will encourage the use of these metrics and enhance the interpretability of CGM 
data, which could provide useful information other than HbA1c for informing therapeutic and treatment decisions, 
particularly related to hypoglycaemia, postprandial hyperglycaemia, and glucose variability.

Introduction 
HbA1c is the gold-standard marker for predicting the 
relative risk of diabetes complications,1–3 and has 
been relied on by regulators to make diabetes 
medication approvals. However, prospective clinical 
studies are increasingly using continuous glucose 
monitoring (CGM) devices to collect data to com-
plement obser vations of the effects of therapeutic 
interventions in diabetes. These CGM-derived metrics 
are the subject of internationally agreed reporting 
formats.4–6

 The aim of this consensus statement is to recommend 
ways CGM data can be used in prospective clinical 
studies to provide clinical information that can be 
considered by all stakeholders in clinical trial outcomes. 
A standardised approach to CGM data collection and 
reporting will improve the interpretability of CGM data 
and provide more information than HbA1c alone to 
inform therapeutic decisions and treatment choices, 
particularly related to hypoglycemia,7 postprandial 
hyperglycemia,8 and glucose variability.9

The use of continuous glucose monitoring (CGM) devices 
has been associated with reduced HbA1c in children and 
adults with type 1 diabetes and in adults with type 2 
diabetes treated either with insulin or a non-insulin 
therapy,10–17 when compared with self-monitored plasma 
glucose (SMPG).18–21 Use of CGM is also associated with 
increased time in the glycaemic target range, reduced 
time in hyperglycaemia, and reduced time in 
hypoglycaemia (including nocturnal hypoglycaemia) in 
people with type 1 diabetes or type 2 diabetes.22–25 CGM 
users also have lower glucose variability, better quality of 
life,26–28 and fewer hospital admissions for acute diabetes 
events (eg, diabetic ketoacidosis or severe hypoglycaemia) 
than people who do not use CGM devices.29–32

These benefits of CGM devices show their efficacy 
and support their use as standard-of-care for people 
with type 1 diabetes or people with type 2 diabetes who 
are being treated with insulin therapy.4–6,33 Therefore, 
prospective clinical studies are increasingly using CGM 
devices to evaluate the glucose profiles of study 
participants. The collection of CGM data in clinical 
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studies, however, has not been done or implemented in 
a standardised manner. In addition, for clinical studies 
in which CGM devices themselves are not the specified 
intervention, clinical trial protocols should be designed 
to incorporate CGM devices in a way that avoids them 
becoming a confounding factor in the evaluation of the 
intended intervention. Although the important topics 
of safety and use of CGM devices in clinical trial 
settings have received previous scientific recomm-
endations,34,35 these recommendations have also focused 
on many of the unmet needs for CGM use in the 
regulatory process. Some of the identified needs, such 
as the cost of CGM devices, have not been resolved. 
However, many of them have, including the require-
ment to meet accuracy thresholds and the development 
of standard metrics and targets to apply to CGM data.5,6 
This international consensus statement focuses on the 
ways CGM and CGM data could be confidently and 
regularly applied as a standard component of clinical 
trials in diabetes.

Methods 
The diaTribe Foundation, a non-governmental organisa-
tion in the USA, invited expert health-care professionals 
who were experienced with using CGM in clinical trials 

from academic institutions, the US Food and Drug 
Administration (FDA), the National Institutes of Health, 
the American Diabetes Association, and various other 
associations globally. All the authors of this Review 
agreed to become members of the consensus writing 
group. People with diabetes who were not academics 
were also invited. Participation in the writing group was 
voluntary and was not remunerated. TB, JH, and MP 
created a compendium of topic areas for con sideration 
by the rest of the writing group, who provided 
two rounds of objective feedback. A consolidated draft 
consensus manuscript and consensus recommen-
dations were developed based on this feedback. The 
draft man uscript and associated recommendations 
were then the focus of  the International Consensus 
on CGMs in Clinical Trials, which happened on 
April 25, 2022, in Barcelona, Spain. All members of the 
writing group attended the conference either in person 
or virtually. Each recommendation was separately dis-
cussed at the conference until a consensus was agreed. 
The discussion and outcomes from this conference 
were used to further refine and revise the consensus 
recom mendations and the consensus manuscript dur-
ing eight drafts. The final draft was then approved by all 
members of the writing group.

Panel 1: Consensus recommendations for CGM device selection for use in clinical trials

Each of the recommendations in this consensus have been 
assigned a level of supporting evidence (ie, A, B, C, or E), that 
adheres to the evidence-grading system of the American 
Diabetes Association Standards of Medical Care in Diabetes.38

• The same brand and model of continuous glucose 
monitoring (CGM) device should be used throughout 
a clinical study to ensure consistent technical 
characteristics and sensor bias within the study (B)
• The brand and model and should be identified in study 

methods
• The selected CGM device should be used in accordance 

with the manufacturer product information and 
regulatory indications for which it is approved39,40,41,42

• Clinical trial personnel should be aware that CGM 
manufacturers update their glucose algorithms 
periodically, and the system selected for the trial should 
use a consistent algorithm (B)
• For multinational trials, ensure that sensors within the 

same device model do not have separate performance 
characteristics depending on the region of use37,39

• The CGM device used in the clinical trial should be 
approved by regulatory authorities for clinical use39,41,43–45 

and used in accordance with approved specifications for 
consistent glucose measurement (B)
• Specifically with intermittently scanned CGM systems, 

study participants need to adhere to minimum 
scanning frequency (3 times per day) and timings (at 
least once every 8 h)15

• Specifically for CGM sensors that require fingerstick 
self-monitored plasma glucose (SMPG) calibration, 
the same model of SMPG meter should be provided to 
all study participants, who should comply with the 
CGM manufacturers, calibration schedules, and 
technique10,19,41,45

• Training for the chosen CGM device should be provided for 
all relevant staff responsible for the clinical study and for 
all participants or caregivers recruited for the prospective 
clinical study (E)
• Training should also be provided for any glucose data 

collection readers, smartphones, or smartwatch apps
• The accuracy performance characteristics of any CGM 

device selected for use in a clinical study should be 
reviewed during study protocol development before the 
study begins, including ethnic and racial inclusivity, to 
evaluate whether it meets the needs of the study 
population and endpoints (E)

• Clinical trial personnel need to be aware of any current 
medication interference identified by the manufacturer 
or by independent published research that might 
compromise sensor accuracy (C)
• All study participants need to be made aware, before 

inclusion, to monitor their use of selected medicines 
during periods when CGM is to be used

• Study participants should not be recruited if inclusion 
would prohibit their use of medicines recommended 
for their short-term or long-term wellbeing46 –48
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CGM devices and sensors 
All commercially available CGM devices provide a quan-
tification of glucose levels in the interstitial fluid in 
the subcutaneous space,36,37 either using a thin sensor 
filament that is inserted into the subcutaneous space 
(ie, transcutaneous) or by insertion of the sensor 
itself into the subcutaneous tissue in the upper arm 
(ie, implantable). Glucose readings are transmitted 
wirelessly at 1 min and 5 min intervals to a reader, an 
app, or an automated insulin delivery device. CGM 
devices that transmit glucose data only when the user 
scans their sensor with a reader or smartphone app are 
referred to as intermittently scanned CGM (isCGM). 
Transcutaneous systems have sensors that currently 
have wear times from 6 days to 14 days, after which 
a new sensor should be applied. Implantable systems 
currently transmit glucose data for up to 180 days before 
replacement.

For this consensus statement, the term CGM is used 
for any of these systems. Only if a functional difference 
is of importance to the application of a CGM device in 
a clinical trial do we differentiate between device types. 
Considering the heterogeneity of the systems available, 
choosing the same system throughout a study, with 
appropriate training for staff and users, is recommended 
(panel 1).

Sensor calibration 
CGM sensors can be factory calibrated39 or calibrated 
with a code provided with each sensor.40 Alternatively, 
CGM sensors might require daily calibration with 
SMPG.49,50 The need for SMPG calibration is a consid-
eration when select ing the CGM device for use in 
a clinical trial. Because SMPG testing can be uncom-
fortable, user compliance can be affected51 and poor 
SMPG technique could affect accuracy.52 If SMPG cali-
bration is required during a clinical trial, the same 
model of SMPG meter should be provided to all par-
ticipants and the calibration process should comply with 
the instructions of the CGM manufacturer (panel 1).

Sensor accuracy 
The ability of CGM devices to accurately collect and 
document glucose levels is accepted by the clinical 
community.39,41,43,44 Several CGM devices are authorised 
by regulators to replace SMPG testing for diabetes 
treatment decisions, which is the so-called non-adjunctive 
use of these devices. In addition, a specific category of FDA 
class 2 device type, known as an integrated CGM (iCGM) 
device,53,54 is used by the FDA to refer to CGM devices that 
are suitable for use with digitally connected medical 
devices, including automated insulin delivery systems.55

Quantifying CGM sensor accuracy 
Mean absolute relative difference (MARD) is an estab-
lished statistic that can be used to assess the accuracy 
of CGM devices by averaging the absolute values of 

the relative differences between a CGM measurement 
and the cor responding simultaneous value obtained 
by the reference system. Ideally, MARD should be 
calculated in a racially diverse population, including 
individuals with type 1 diabetes or type 2 diabetes, and be 
based on a large set of paired readings with an adequate 
number of sam ples to assess accuracy in hypo glycaemic, 
hyperglycaemic, and euglycaemic ranges.56 Because the 
precision of sensor measurements is reduced at 
low glucose concentrations, relative differences, and thus 
MARD, tend to be increased at low reference glucose 
values. Therefore, the mean absolute difference (MAD) 
is the preferred accuracy statistic39,43 for glucose levels less 
than 80 mg/dL (<4·4 mmol/L). Currently available CGM 
devices have MARD values between 8% and 14%.39,43,44,56 
However, no prospective clinical studies have evaluated 
the possible added clinical benefit of low MARD values.

A further test of system accuracy and precision used 
alongside MARD is the consensus error grid (cEG),57 

which evaluates the distribution of inaccuracies in 
sensor-glucose readings and whether these inaccuracies 
have an effect on clinical decision making.

Panel 2: Consensus recommendations for reporting time 
in ranges and other CGM-derived glycaemic metrics

Each of the recommendations in this consensus have been 
assigned a level of supporting evidence (ie, A, B, C, or E), that 
adheres to the evidence-grading system of the American 
Diabetes Association Standards of Medical Care in Diabetes.38 

• Prospective clinical studies using continuous glucose 
monitoring (CGM) devices should report endpoints for all 
core metrics for time in ranges
• This recommendation is important for time below 

<70 mg/dL (3·9 mmol/L) and time below range 
54 mg/dL (3·0 mmol/L; E)

• Time below <70 mg/dL (3·9 mmol/L) includes time 
below <54 mg/dL (<3·0 mmol/L)

• Both <70 mg/dL (3·9 mmol/L) and time below 
<54 mg/dL (<3·0 mmol/L) should be reported 
separately (E)

• Time in range, time below range, and time above range 
metrics should be reported both as a percentage of time 
per day and as estimated hours and minutes per day in 
clinical study outcomes (E)

• In prospective clinical studies that evaluate the safety, 
efficacy, and clinical effects of an intervention, CGM 
sensor glucose data should also be reported separately for 
nocturnal (0000 h to 0559 h) and daytime periods 
(0600 h to 2359 h; B)65,66

• Study investigators should be aware of any discordance 
between mean glucose exposure as evaluated by the 
glucose management indicator and a concurrent 
laboratory-tested HbA1c

• This discordance can be expected and does not indicate 
lack of sensor accuracy (C)67,68
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Accuracy and device selection in clinical trials 
As these accuracy measures, which are the most 
prominent and most often quoted, are derived from 
analytical studies that aggregate sensor glucose values 
across all glucose ranges and days of wear,58 researchers 
should review accuracy performance in the context of 
the clinical trial and the specified endpoints. For 
example, if hypoglycaemia is a study outcome, CGM 
accuracy (as measured by MAD) and the direction of 
bias at low glucose levels will be more important than 
overall MARD. Once a CGM device has been selected 
for the study, this device should be used for data 
collection at all timepoints to ensure consistent 
accuracy throughout the study. Further minimisation of 
potential variations in CGM accuracy could be done 
with production batches of glucose sensors with 
comparable accuracy profiles within the selected model 
of CGM device.

It is a limitation of accuracy studies that the study popu-
lation is usually not documented in the study protocol41,42 
and is not racially diverse, with a predominance of 
White participants and few Black or Asian participants 
recruit ed.39,40,43 This limitation should be considered when 
selecting a device as many diabetes clinical trials recruit 
diverse study populations18,59 or exclusively non-White 
participants.60,61

Data collection and sharing 
An important consideration in study design is the choice 
to configure CGM devices to operate either in unblinded 
or blinded modes. Unblinded systems allow the wearer 
to see their glucose values in real time and to act based 
on these values, for example to avoid hypoglycaemia or 
hyperglycaemia. Blinded systems collect, store, and 
trans mit glucose data for use in the clinical trial setting 
for unbiased review by health-care professionals without 
being revealed to the user, and can therefore minimise 
the confounding effect of CGM in a clinical trial.

Some CGM sensors can store glucose data autonomous-
ly, independent from a connection to a reading device. 
However, the isCGM sensor can only store up to 
8 h of data, meaning that if they are not scanned at least 
once every 8 h, glucose data are lost, creating data gaps. 
This limitation should be a con sideration in a trial 
context as manual scanning introduces a potential 
compliance issue when isCGM is used in unblinded 
clinical studies.

Concomitant medication that can affect CGM accuracy 
Some medications can affect CGM sensor accuracy46 
depending on the glucose-sensing electrochemistry 
or fluorescence detection46 used by the system. 
Paracetamol, for example, can cause biases large 
enough for the sensors to potentially miss clinically 
significant hypoglycaemia (table 1).47,63 This effect could 
be of importance for study participant selection and 
inclusion criteria, as well as for advice given to 
participants.

Time in glucose ranges in clinical trials 
Several metrics have been used for interpreting glucose 
data provided by CGM devices and have been agreed 
upon by international consensus groups for use in 
people with type 1 or type 2 diabetes,4–6 including 
separate targets for people who are pregnant with 
pregestational type 1 diabetes and for people who are at 
high risk of hypoglycaemia because of their increased 
age, duration of diabetes, duration of insulin therapy, 
or impaired awareness of hypoglycaemia (table 2). 
Consensus targets for children, adolescents, and young 
adults aged 25 years or younger with type 1 diabetes are 
similar to the overall recommendations for adults but 
acknowledge the recommendation of the International 
Society for Pediatric and Adolescent Diabetes that 
people aged 25 years or younger should aim for the 
lowest HbA1c without unnecessary exposure to severe 
hypoglycaemia (panel 2).69

Time in glucose ranges indicate the proportion of 
each day that a person with diabetes spends with 
glucose readings in each of three ranges that have been 
defined by the International Consensus on Time in 
Range group (table 3).6 Time in range indicates the 
amount of time that glucose readings are within a 
defined target glu cose range of 70–180 mg/dL 
(3·9–10·0 mmol/L; 63–140 mg/dL [3·5–7·8 mmol/L] 
during pregnancy). A secondary consensus time in 
range metric,5 also known as time in tight range, is 
emerging as a reported measure of time in range, 
particularly for people with type 1 diabetes using 
automated insulin delivery systems or in people with 
type 2 diabetes using glucose-lowering agents. Time in 
tight range is defined as the percentage of time that 
glucose readings are within 70–140 mg/dL 
(3·9–7·8 mmol/L).5,70 For participants in whom time in 
tight range is proposed as a metric, the suggested target 

Systems affected Effect

Hydroxycarbamide Dexcom G4 platinum, 
G5, G6; Medtronic 
Guardian 3

Sensor readings will be 
higher than actual glucose

Paracetamol Dexcom G4 platinum, 
G5, G6, G7;* Medtronic 
Guardian 4

Sensor readings will be 
higher than actual glucose

Ascorbic Acid FreeStyle Libre 2 Sensor readings will be 
higher than actual glucose 
at >500 mg per day

Alcohol Dexcom G4 platinum; 
Medtronic Guardian 3

Sensor readings might be 
higher than actual glucose

Tetracycline Eversense Sensor bias at therapeutic 
doses

Mannitol Eversense Sensor bias at therapeutic 
doses

*As specified in the Dexcom G7 user manual.

Table 1: Interference with CGM accuracy46–48,62,63
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for time in tight range is more than 70%,71 as for time in 
range 70–180 mg/dL (3·9–10·0 mmol/L).6

Time below range refers to the amount of time 
that glucose readings are below the target glucose 
range of less than 70 mg/dl (3·9 mmol/L; <63 mg/dL 
[3·5 mmol/L] during pregnancy), and time above range 
refers to the amount of time that glucose readings are 
above the target range of more than 180 mg/dL 
(10·0 mmol/L; >140 mg/dL [7·8 mmol/L] during 
pregnancy). As a clinical study endpoint, time below 
range of less than 70 mg/dL (<3·9 mmol/L) 
also includes clinically significant hypoglycaemic 
readings of less than 54 mg/dL (<3·0 mmol/L); 

both measures of time below range should be 
reported separately.

Many of the CGM-defined time in range measures 
identified in this consensus statement can be categorised 
into temporal subgroups (eg, within a 24 h period, 
diurnal, or nocturnal). These subgroups should be 
considered when specifying endpoints (panel 2). 
For example, change in nocturnal hypoglycaemia (0000 h 
to 0559 h) can be a separate outcome from hypoglycaemia 
in the daytime (0600 h to 2359 h) or within a 24 h period. 
In paediatric trials and other trials (eg, in participants 
older than 60 years, in participants with cystic fibrosis, 
or of diabetes and exercise), additional definitions 

Measures Aim

Percentage of sensor data obtained The proportion of possible obtained readings by the CGM device; 
provides a measure of confidence in the all data-derived metrics

≥70% of data during the collection period

Frequency of scanning (eg, scans 
per day)

For FreeStyle Libre and FreeStyle Libre 2 systems, the sensor should 
be scanned periodically with a reader or the smartphone app; the 
frequency of scanning is associated with changes in glucose metrics64

Frequency of minimum once every 8 h to ensure 
no gaps in data

Time in ranges

Time in range Measures the percentage of time spent in consensus target glucose 
range 70–180 mg/dL (3·9–10·0 mmol/L); during pregnancy, this 
range is 63–140 mg/dL (3·5–7·8 mmol/L).

>70% of time per day (ie, 16 h 48 min) in type 1 
and type 2 diabetes; >50% of time per day (12 h) in 
people older than 60 years or patients at high risk

Time in tight range A secondary measure of time in range, measures the percentage of 
time spent in target glucose range 70–140 mg/dL (3·9–7·8 mmol/L)

Suggested time in tight range aim is >70% of 
each day47

Time below range (<70 mg/dL 
[<3·9 mmol/L])

Measures the percentage of time spent with glucose <70 mg/dL 
(<3·9 mmol/L), including readings <54 mg/dL (<3·0 mmol/L)

<4% of time per day (1 h) in type 1 and type 2 
diabetes; <1% of time per day (15 min) in people 
older than 60 years or patients at high risk

Time below range (low glucose or 
Level 1 hypoglycaemia)

Measures the percentage of time spent with glucose 54–69 mg/dL 
(3·0–3·9 mmol/L); Level 1 hypoglycaemia is an alert threshold

No international consensus recommendations

Time below range (very low 
glucose or Level 2 
hypoglycaemia)

Measures the percentage of time spent with glucose <54 mg/dL 
(<3·0 mmol/L); Level 2 hypoglycaemia is considered clinically 
significant and requiring immediate attention

<1% of time per day (15 min) in type 1 and type 2 
diabetes

Time above range (>180 mg/dL 
[>10·0 mmol/L])

Measures the percentage of time spent with >180 mg/dL 
(>10·0 mmol/L), including readings >250 mg/dL (>13·9 mmol/L)

<25% of time per day (6 h) in type 1 and type 2 
diabetes; <10% of time per day (2 h 24 min) in 
people older than 60 years or patients at high 
risk

Time above range (high glucose 
or Level 1 hyperglycaemia)

Measures the percentage of time spent with glucose 181–250 mg/dL 
(10·1–13·9 mmol/L)

No international consensus recommendations

Time above range (very high 
glucose or Level 2 
hyperglycaemia)

Measures the percentage of time spent with glucose >250 mg/dL 
(>13·9 mmol/L)

<5% of time per day (1 h 12 min) in type 1 and 
type 2 diabetes

Mean sensor glucose A measure of the mean 24 h glucose concentration calculated across 
all recorded glucose readings

No international consensus recommendations

Glucose Management Indicator A measure of short-term glucose levels that can be used to predict 
long-term glucose exposure; the Glucose Management Indicator is 
expressed in the same units as HbA1C (eg, as a percentage or mmol/mol) 
for comparative purposes, but they are usually not identical

No international consensus recommendations

Glycemia Risk Index A single-number summary of the quality of glycaemia; ranks the 
quality of glucose control, allocating increased weight to very low 
and very high glucose; the Glycemia Risk Index can also be displayed 
graphically on a Glycaemia Risk Index grid

No international consensus recommendations

Coefficient of variation A measure of dynamic glucose variability expressed as percentage 
coefficient of variation and calculated as 100 × (SD divided by mean 
glucose); coefficient of variation is correlated with time below range

≤36% of glucose variability in type 1 diabetes

SD of mean glucose The SD of mean glucose values is a measure of dynamic glucose 
variability; SD is strongly correlated with mean glucose

No international consensus recommendations

Each of these measures of glucose control can be derived and reported by CGM devices. They are all endorsed by international consensus guidance on the use of CGM devices 
in the management of diabetes.4–6

Table 2: Objective measures of glycaemic control derived from CGM devices
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appropriate to sleep periods and active periods might 
need to be specified in the study protocol.

Based on current evidence, confident interpretation 
of CGM metrics requires 14 consecutive days of CGM 
data with at least 70% of data collected during that time 
period, which is predictive of glycaemia for 3 months 
(panel 3).72,77 For the assessment of mean glucose, time 
in range, and measures of hyperglycaemia, additional 

days of data do not substantially increase this 
correlation. This assessment assumes that any data that 
is not collected should be representative of random data 
gaps that are balanced across the treatment and control 
groups. If participants included in the study population 
are expected to have more hypoglycaemia or higher 
glycaemic vari ability than is typical, long periods 
of sensor use might be indicated.78 A long review period 

Units and quantity

Core endpoints

Time in range 70–180 mg/dL (3·9–10·0 mmol/L) Percentage of time in range; amount of time (hours and minutes)

Time below range <70 mg/dL (<3·9 mmol/L), including readings of <54 mg/dL 
(<3·9 mmol/L)

Percentage of time below range; amount of time (hours and minutes)

Time below range <54 mg/dL (<3·0 mmol/L) Percentage of time below range; amount of time (hours and minutes)

Time above range >180 mg/dL (>10·0 mmol/L), including readings of >250 mg/dL 
(<13·9 mmol/L)

Percentage of time above range; amount of time (hours and minutes)

Time above range >250 mg/dL (>13·9 mmol/L) Percentage of time above range; amount of time (hours and minutes)

Coefficient of variation Percentage coefficient of variation intraday (ie, within 24 h) and interday 
(ie, over multiple days)

SD of mean glucose SD

Mean sensor glucose mg/dL (mmol/L)

Secondary endpoints (continuous outcomes)

Time in tight range 70–140 mg/dL (3·9–7·8 mmol/L) Percentage of time in tight range; amount of time (hours and minutes)

Change in Glucose Management Indicator Absolute mean change in mmol/mol or percentage

Extended hypoglycaemic event rate <70 mg/dL (<3·9 mmol/L) Number of events with sensor glucose <70 mg/dL (<3·9 mmol/L) lasting 
at least 120 min; event ends when glucose returns to ≥70 mg/dL 
(≥3·9 mmol/L) for ≥15 min

Extended hyperglycaemic event rate >250 mg/dL (>13·9 mmol/L) Number of events with sensor glucose >250 mg/dL (>13·9 mmol/L) 
lasting at least 120 min; event ends when glucose returns to ≤180 mg/dL 
(≤10·0 mmol/L) for ≥15 min

Secondary endpoints (binary outcomes)

Proportion of participants with time in range 70–180 mg/dL (3·9–10·0 mmol/L) for 
>70% of each day

Percentage of participants

Proportion of participants with time in range 70–180 mg/dL (3·9–10·0 mmol/L) 
with ≥5% points improvement from baseline

Percentage of participants

Proportion of participants with time in range 70–180 mg/dL (3·9–10·0 mmol/L) 
with ≥10% points improvement from baseline

Percentage of participants

Proportion of participants with time below range <70 mg/dL (<3·9 mmol/L) for 
<4% of each day

Percentage of participants

Proportion of participants with time below range <54 mg/dL (<3·0 mmol/L) for 
<1% of each day

Percentage of participants

Proportion of participants with time above range >180 mg/dL (>10·0 mmol/L) for 
<25% of each day

Percentage of participants

Proportion of participants with time above range <250 mg/dL (>13·9 mmol/L) for 
<5% of each day

Percentage of participants

Composite endpoints

Proportion with improvement in HbA1c >0·5% points without an in increase in TBR 
<54 mg/dL (<3·0 mmol/L) of >0·5%

Percentage of participants

Proportion of participants with >10% points improvement in percentage of time in 
range 70–180 mg/dL (3·0–10·0 mmol/L) without an increase in time below range 
<54 mg/dL (<3·0 mmol/L) of >0·5%

Percentage of participants

Proportion of participants with mean glucose <154 mg/dL (<8·6 mmol/L) and <1% 
time below range <54 mg/dL (<3·0 mmol/)

Percentage of participants

Proportion of participants with >70% time in range 70–180 mg/dL 
(3·0–10·0 mmol/L) and <4% time below range <70 mg/dL (<3·9 mmol/)

Percentage of participants

Proportion of participants with >70% time in range 70–180 mg/dL 
(3·0–10·0 mmol/L) and <1% time below range <54 mg/dL (<3·0 mmol/)

Percentage of participants

Table 3: Recommended CGM-derived endpoints for clinical trials
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might also be needed for people with higher baseline 
glucose variability than expect ed.72–74 An alternative to 
the recommendation to obtain at least 70% of data 
in 14 consecutive days is a data collection period of 
10 consecutive days with 80–100% data obtainment, 
accept ing any loss of accuracy that might be associated 
with a short review period.74

Time in glucose ranges as outcome measures 
From a clinical perspective, CGM can detect 
unrecognised hypoglycaemia, which is an important 
benefit for use in clinical trials. Whether a person with 
hypoglycaemia is symptomatic or not, time below range 
can also be divided into Level 1 and Level 2, which 
indicate different amounts of urgency for clinical 
action.5,6 Level 1, with a glucose level of 54–69 mg/dL 
(3·0–3·9 mmol/L), is an alert threshold79 independent 
of any acute symptoms. Health-care professionals and 
people with diabetes should monitor time spent in 
Level 1 hypoglycaemia. Level 2, with a glucose level 
of less than 54 mg/dL (<3·0 mmol/L), with or 
without symptoms, is considered clinically significant 
and requires immediate attention. In Level 1 or 
Level 2 hypoglycaemia, the episode is considered 
clinically relevant to CGM data-obtainment if it is 
15 min or more in duration before it returns to more 
than 70 mg/dL (3·9 mmol/L).79 Level 1 or Level 2 time 
below range does not indicate symptomatic hypo-
glycaemia or provide direct information of episodes 
of severe hypoglycaemia requiring assistance—this 
requires patient-reported information in a clinical 
trial context. However, time below range and other 
CGM-derived measures of hypoglycaemia risk in 
clinical trials have been shown to be predictive of future 
severe hypoglycaemia,80 validating CGM in this context 
(table 4).

Time above range is either 181–250 mg/dL (10·1–13·9 
mmol/L), known as Level 1 hyperglycaemia, or more than 
250 mg/dl (>13·9 mmol/L), known as Level 2 hyper-
glycaemia. Blood glucose values exceeding 250 mg/dL 
(13·9 mmol/L) might increase the risk of diabetic 
ketoacidosis,83 and Level 1 and Level 2 hyperglycaemia 
should be reported in study outcomes. Extended 
hyperglycaemia, particularly after eating, can be defined 
as sensor glucose more than 250 mg/dL (>13·9 mmol/L) 
for 120 min or more (table 4).

As a measure for assessing glucose control, time in 
range 70–180 mg/dL (3·9 mmol/L) is immediately 
responsive to changes in medication, diet, and lifestyle 
that can be visualised in a clinical trial setting. Percentage 
of time in range is an outcome measure that can be 
associated with complications of diabetes, as indicated 
by retrospective analysis of the effect of percentage of 
time in range on retinopathy, nephropathy,84,85 neuropa-
thy,86,87 and cardiovascular disease.88,89 However, no long-
term prospec tive randomised controlled trial has 
validated the rela tionship between time in range and 

long-term microvas cular or macrovascular complica-
tions of diabetes.

Use of time in range 70–180 mg/dL (3·9 mmol/L) as 
a glycaemic measure in clinical trials should be 
augmented with the inclusion of metrics of hypoglycaemia 
(eg, time below range <70 mg/dL [3·9 mmol/L] and time 
below range <54 mg/dL [3·0 mmol/L]),90 including in 
trials with interventions that might directly reduce 
glucose, such as insulin91,92 or exercise,93 or in populations 
at risk of hypo glycaemia.94 For example, in the InRange 
study,92 when comparing time in range of participants 
with different basal insulins, the rate of hypoglycaemia 
as measured by CGM was 3–6 times higher than 

Panel 3: Consensus recommendations for the application 
of CGM sensors in a clinical trial setting

Each of the recommendations in this consensus have been 
assigned a level of supporting evidence (ie, A, B, C, or E), 
that adheres to the evidence-grading system of the 
American Diabetes Association Standards of Medical Care in 
Diabetes.38

• CGM data should be collected at baseline and at all 
specified study timepoints with the CGM device selected 
for the clinical trial (E)
• If CGM is not used throughout the study, specified 

CGM data-collection periods should allow for sufficient 
data to be collected that can be representative of 
glucose exposure for 3 months (B)72–74

• Participants recruited into a study that uses blinded 
CGM for the study data collection and who are already 
using a personal CGM device for their diabetes 
management should be provided with and 
required to wear the blinded study CGM sensor during 
specified study data-collection periods, even if the 
trial CGM and personal CGM devices are the same 
type (E)

• For a study in which unblinded CGM is to be used, all 
participants should be provided with and use the same 
study CGM, even if they used a CGM for personal use 
before study enrolment (E)

• In a clinical trial, CGM should be used for a minimum of 
14 consecutive days every 3 months throughout the 
study, including at baseline (B)
• The aim is that a minimum of 70% of the glucose 

data should be obtained for each individual 
participant72–74

• All CGM data should be included in the final analysis, 
but the proportion of participants who met the 
minimum 70% data-obtainment requirement during 
14 days should also be reported as part of the data 
completeness (E)

• Although CGM sensors have each shown accuracy, 
a comparison of CGM outcomes across studies that 
use different brands of sensors should be done 
with caution (C)75,76
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SMPG-detected hypoglycaemia in the same data-
collection period.

The Glucose Management Indicator, coefficient of 
variation, and Glycemia Risk Index as other CGM metrics 
Along with specific time in glucose ranges, other 
measures of glucose control can be calculated from 
CGM data that have become established in assessing 
diabetes health.95 These measures include the Glucose 
Man agement Indicator (GMI), which is a mathematical 
derivation from the mean glucose, the coefficient 
of variation, and the Glycemia Risk Index (GRI; 
table 2).67,96

GMI is a function of mean glucose, expressed in the 
same units as HbA1c (ie, as a percentage or in mmol/mol) 
for comparative purposes, which can be used with an 
HbA1c test to help in-therapy adjustment.67,97 GMI and 
HbA1c are usually not identical as HbA1c can be affected by 
many non-glycaemic factors that affect red blood cell 
lifespan.97 The correlation between GMI and HbA1c is 
stronger with long CGM wear (eg, 4 weeks) than with 
short CGM wear77 and in the CGM collection period that 
immediately precedes the HbA1c test.72

The coefficient of variation is a measure of glucose 
variability that is correlated with time below range98 
and is calculated as 100 × (SD divided by mean glucose). 
A target threshold for the coefficient of variation in 
type 1 diabetes is recommended to be less than or equal 

to 36%5 based on the increased risk of hypoglycaemia 
above this amount.98 A limitation of the coefficient of 
variation is that it might increase even if glycaemic 
variability improves if it is accom panied by a decrease in 
mean glucose. Other limitations of the coefficient of 
variation are that it does not quan tify the frequency 
of glycaemic oscillations or show within-day or between-
day variability, all of which are relevant to under standing 
glycaemic variability. However, despite these limita-
tions, both GMI and the coefficient of variation 
are included in standard reports on CGM-derived 
glucose performance.

The GRI is a single-number summary of the quality of 
glycaemia based on expert analysis by 330 clinicians 
of 14-day ambulatory glucose profile (AGP) tracings.96 
The GRI assesses both low and high glucose profiles 
to calculate and rank the quality of glucose control, 
allo cating increased weight to very low and very high 
glucose. The GRI can be displayed graphically on a GRI 
grid that can be used by clinicians and researchers to 
establish the glycaemic effects of prescribed and 
investigational treatments within an individual over 
time, and to com pare groups of individuals.

The ambulatory glucose profile graph and report 
An accepted visual summary of the features of 
a CGM profile is the AGP.38,99,100 The AGP graph allows 
people with diabetes to identify patterns and trends in 

Glycaemic criteria Duration Description

Hypoglycaemia <70 mg/dL (<3·9 mmol/L), 
including readings of 
<54 mg/dL (<3·0 mmol/L)

≥15 consecutive min of <70 mg/dL Sufficiently low for treatment with fast-acting 
carbohydrate and dose adjustment of glucose 
reducing therapy; event ends when there is 
≥15 consecutive min with a CGM sensor value 
of ≥70 mg/dL

Hypoglycaemia alert value 
(Level 1)

54–69 mg/dL (3·0–3·9 mmol/L) ≥15 consecutive min of <70 mg/dL Sufficiently low for treatment with fast-acting 
carbohydrate and dose adjustment of glucose 
reducing therapy; event ends when there is 
≥15 consecutive min with a CGM sensor value 
of ≥70 mg/dL

Clinically significant 
hypoglycaemia (Level 2)

<54 mg/dL (< 3·0 mmol/L) ≥15 consecutive min Serious, clinically important hypoglycaemia; event 
ends when there is ≥15 consecutive min with a CGM 
sensor value of ≥54 mg/dL

Extended hypoglycaemia <70 mg/dL (<3·9 mmol/L) >120 consecutive min No maximum agreed duration; during periods of 
extended hypoglycaemia, any periods of 
hypoglycaemia <54 mg/dL should be reported 
separately

High glucose (Level 1) 181–250 mg/dL 
(10·1–13·9 mmol/L)

≥15 consecutive min Event ends when there is ≥15 consecutive min with 
a CGM sensor value of ≤180 mg/dL

Very high glucose (Level 2) >250 mg/dL
(>13·9 mmol/L)

≥15 consecutive min Event ends when there is ≥15 consecutive min with 
CGM sensor value of ≤250 mg/dL

Extended hyperglycaemia >250 mg/dL (>13·9 mmol/L) ≥90 cumulative min within a 120-
min period

Often postprandial

Other non-CGM measures of symptomatic hypoglycaemia can be recorded and might be correlated with CGM-derived measures. When reporting or evaluating the frequency 
of hypoglycaemia with sensor glucose values, low sensor glucose values can be asymptomatic in people with diabetes and might be evident in people without diabetes,81 
especially values between 60–70 mg/dL (3·0–3·9 mmol/L). In a clinical trial, assumptions concerning impaired awareness of hypoglycaemia should be confirmed with 
a validated tool.82 Severe hypoglycaemia cannot be classified by CGM-derived data, it is a clinical diagnosis defined by severe cognitive impairment requiring external 
assistance for recovery, and not by a specific glucose threshold.

Table 4: Classification of CGM-detected hypoglycaemia or hyperglycaemia to be counted in clinical trials



www.thelancet.com/diabetes-endocrinology   Published online December 6, 2022   https://doi.org/10.1016/S2213-8587(22)00319-9 9

Review

daily glucose management. It has four important 
features: the target glucose range, the median line, the 
shaded 25th to 75th percentile band, and the outer 5th 
to 95th percentile band. A full description of these 
features is available from the International Diabetes 
Center. The AGP graph can be used systematically to 
identify trends in glucose control in each day and 
between different days to enable clinical decision 
making.100,101

The standardised AGP report includes a so-called 
stacked bar that summarises the different time in range 
metrics in a visual format. The stacked bars in the AGP 
report indicate the percentage of time below range and 
the percentage of time above range metrics for Level 1 
and Level 2 hypoglycaemia or hyperglycaemia, with 
discrete percentage values for low or high and very low 
or very high readings. The separate colours in the 
stacked bar also reflect a clinical viewpoint that, by use 
of consistent color-coding for different glucose ranges, 
can optimise safety and clinical interpretation;102 green 
indicates desired levels of glucose and red indicates 
levels of glucose that require improvement. The AGP 
report also contains the summary metrics for mean 
glucose, GMI, glucose variability, and percentage of data 
obtained. The potential uses of the AGP report format 
in diabetes research and clinical trials are described by 
the International Diabetes Center.

Planning to use CGM in a clinical study 
When considering the use of CGM in a clinical study, 
researchers should explicitly state their aims as different 
sensors have different features regarding their uses for 
glucose data collection and accuracy. Similarly, the 
glucose data requirements should be matched to the trial 
objectives.

CGM use throughout the study or during specified 
periods 
During a diabetes clinical trial, it is preferable that 
CGM data be collected continually throughout the 
study period. This process reduces the likelihood of 
bias in the sensor glucose data collection and maximises 
the likelihood that the data are representative of the 
glycaemia of a par ticipant for the study duration. 
However, in some circumstances, glucose data might 
only be collected during specified periods, for example, 
at baseline, at prespecified timepoints during the 
intervention, or at study end. Periodic CGM might be 
appropriate for trials that continue for months or years. 
However, periodic use of CGM might introduce bias as 
a consequence of a change in the self-management 
behaviour of a participant during these periods.

When CGM is used only during specified periods, the 
same CGM device should be used at each timepoint and 
individual data collection periods should ensure 
sufficient data collection for confident assessment of the 
glucose data. This process should include the data 

collected in the first 12–24 h after sensor application 
when post-insertion artifacts might affect accuracy. 
A minimum of 14 days of sensor use with more than 
70% data obtainment is currently an established standard 
for confident prediction of glucose exposure for 3 months 
for any participant (panel 3).

CGM data collection at baselines and other 
timepoints 
Use of blinded or unblinded CGM in a clinical study 
Clinical study protocols can specify the use of blinded 
or unblinded CGM to collect study data. The use of 
blinded CGM throughout the study, or at specified data 
collection timepoints, might be most appropriate for 
studies that recruit only CGM-naive participants.7 The 
use of blinded CGM in these studies can reveal the 
efficacy of an inves tigational drug or device, but might 
not be gener alisable to the typical ambulatory 
population. However, as clinical practice for people 
with diabetes who use insulin begins incorporating 
CGM as standard care, participants in a study are likely 
to use a personal CGM device for day-to-day glucose 
management.11 To require participants not use their 
personal devices when recruited into a trial that 
requires a blinded study CGM would be challenging 
and potentially unethical. Therefore, for studies using 
blinded CGM, the study CGM sensor should be 
supplied to participants and used to collect data for 
researchers, even when a participant has their own 
personal CGM for day-to-day diabetes self-care. This 
process can ensure quality control and continuity for all 
study participants, and manage data privacy issues by 
enabling investigators to know which data are for their 
use and analysis and which data are private for the 

For the full description of AGP 
features see www.agpreport.org

For the potential uses of the 
AGP report format see www.
agpreport.org/agp/research

Panel 4: Consensus recommendations for the 
interpretation of clinically meaningful differences in time 
in range in clinical trials

Each of the recommendations in this consensus have been 
assigned a level of supporting evidence (ie, A, B, C, or E), 
that adheres to the evidence-grading system of the 
American Diabetes Association Standards of Medical Care in 
Diabetes.38

• A difference of ≥5% (absolute percentage points) in time 
in range is considered clinically meaningful for an 
individual participant in a clinical study and 3% is 
considered clinically meaningful for a treatment group 
difference in mean time in range (B)84

• The change in time in range should be reported separately 
for each study group from beginning to end of the study, 
and the difference between the study groups should be 
compared statistically with adjustment for the baseline 
value (E)

• Studies can be powered to detect a minimum 3% change 
in mean time in range between study groups (E)

www.agpreport.org
www.agpreport.org
www.agpreport.org/agp/research
www.agpreport.org
www.agpreport.org/agp/research
www.agpreport.org/agp/research
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study participant. Blinded CGM sensors can allow 
CGM-naive participants to get used to wearing the 
sensor before collection of baseline data and can allow 
participants who use personal CGM devices to get used 
to the blinded study CGM. For clinical studies in which 
both CGM-naive participants and CGM-users are 
included, randomisation should be stratified so that 
bias is avoided.

For studies using unblinded CGM, all participants 
should be provided with and use the same study sensor 
for the duration of the study (panel 3). Participants with 
personal CGM devices that are different to the study 
CGM should switch to using the study CGM. If the 
personal CGM of a participant is identical to the study 
CGM, they should be provided with a study CGM 
device to ensure quality control and continuity of 
sensors used in the study. To minimise the confounding 
effect of CGM improving glycaemic metrics after 
randomisation, participants who are not current CGM 
users should have 7–14 days to get used to the CGM 
device (panel 3). This amount of time will be sufficient 
to stabilise the subsequent collection of baseline CGM 
data that is recommended to be 10–14 days;  important 
CGM metrics for hyperglycaemia, hypoglycaemia, and 
overall glucose control plateau within the first week of 
use of an unblinded sensor.103

Important CGM metrics of value to be reported 
Important CGM metrics are based on recommendations 
from the International Consensus on Use of Continu-
ous Glucose Monitoring and Standardizing Clinically 
Mean ingful Outcome Measures Beyond HbA1c for Type 
1 Diabetes on the use of CGM in clinical practice,4,5 and 
from the International Consensus on Time in Range.6 

If reporting time in range, time below range, or time 

above range, metrics can be defined as percentage of 
time per day, estimated actual amount of time in hours 
or minutes per day, or both. For studies using isCGMs, 
the frequency and timing of daily scans and any 
data gaps should also be reported (table 2). The applica-
tion of CGM metrics as study endpoints, including 
endpoints that are well established as standard glucose 
metrics in the AGP report format and additional 
endpoints, can be directly collected from CGM devices 
but are not typically part of standard reports, and 
should be specified by researchers (table 3). Each study 
should select and report only the metrics that allow 
clear interpretation of the data in the context of the 
specified study objectives and statistical analysis plan.

Clinically relevant changes in important glucose metrics 
over time 
What constitutes a clinically relevant change from 
baseline or between comparative timepoints in any 
CGM glucose metric is not standardised and is discussed 
and peri odically reviewed by the expert community. 
International con sensus6 has accepted that a change of at 
least 5 percentage points in time in range is clinically 
meaningful for an individual participant. This conclusion 
is based on a retrospective analysis of blood glucose data 
systematically collected seven times a day once every 
3 months in the Diabetes Control and Complications 
Trial,84 relating change in percentage of time in range to 
a clinically meaningful change in HbA1c. In this context, 
comparisons between study participants should use the 
mean data for each individual to acknowledge the lack of 
independence of observations on any individual. Further 
investiga tion and discussion of this aspect of time in 
range is necessary.

No consensus is established for clinically important 
changes in other glucose metrics. Regular clinical 
practice will emphasise any change that brings a metric 
within international consensus targets or takes it out of 
the agreed target daily range.

When reporting outcomes, the proportion of par-
ticipants within each treatment group who met the 
clinically relevant change (≥5% time in range) over 
time should be reported, as should the proportion of 
par ticipants who met the consensus target for any 
specific metric after the intervention compared with 
baseline (panel 4). For time in range, the proportion of 
participants with the relevant change for the trial 
endpoint (≥5% increase in time in range) and the 
proportion that met the clinically relevant target (time 
in range >70%) should be reported. For time below 
range, although there is no agreement for a clinically 
meaningful change in time below range, the percentage 
of participants who had less than 4% time at less than 
70 mg/dl and who had less than 1% time at less 
than 54 mg/dL (3·0 mmol/L) after intervention 
compared with the percentage at baseline should be 
reported (table 3).

Panel 5: Consensus recommendations for CGM data 
inclusion in the clinical trial final analysis set

Each of the recommendations in this consensus have been 
assigned a level of supporting evidence (ie, A, B, C, or E), 
that adheres to the evidence-grading system of the 
American Diabetes Association Standards of Medical Care 
in Diabetes.38 

• For prospective randomised clinical studies in which both 
intervention groups and control groups use the same 
CGM device throughout, all CGM data (including data 
collected within the first 12–24 h of sensor use and low-
frequency glucose data artifacts) should be included in the 
analysis set (E)

• Managing missing data should be part of the statistical 
analysis plan so that no CGM data are excluded from the 
final analysis set (E)

• CGM sensor glucose data should be stored according to 
the regulations and laws appropriate to any other source 
data generated in a prospective clinical study (E)
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Clinically relevant differences between treatment 
groups 
When establishing whether a meaningful change in 
CGM metrics can be reported between treatment groups, 
the change should be reported separately for each study 
group from beginning to end of the study (panel 4). The 
difference between study groups should be compared 
statistically, with adjustment for the baseline value and 
with adequate type 1 error control for statistical 
significance. For the power calculation of a trial, expert 
consensus is that a minimum 3% change in mean time 
in range between intervention and control groups 
represents a meaningful change in the distribution of 
time in range between different study groups, and that 
the intervention has had an effect on glycaemia (panel 4). 
These definitions are also important in setting non-
inferiority limits.

Data handling and calculations 
Time periods after sensor application 
The accuracy of different CGM devices might be reduced 
immediately after sensor application as a con sequence of 
local injury at the insertion site.104 In a minority of cases, 
this insertion-site trauma provokes an inflammatory 
reaction that can reduce local glucose bioavailability for 
detection.105–107 Within a clinical study, consistent use of 
a single CGM device in intervention and control groups 
can allow this period of variable accuracy to be included 
in comparative analysis so that discarding data collected 
in the initial 12–24 h after sensor application is not 
advised (panel 5). Many available systems have updated 
glucose algorithms that minimise the effects of changes 
in accuracy after insertion. In this context, increased 
inaccuracy does not imply that the metric computed for 
the period will be biased, especially if a control group is 
available for comparison.

Missing data and artifacts 
As with any clinical trial, the ability of a participant to 
meet the requirements for optimal CGM data 
obtainment can vary, resulting in gaps in the CGM data 
record. Although the aim is to obtain at least 70% of data 
for each participant, managing missing data should be 
part of the statistical analysis plan so that almost no data 
are excluded from the final analysis set (panel 5).

Artifacts other than insertion-site trauma after sensor 
application can involve pressure-induced sensor atten-
uation, which occurs when direct pressure on the 
sensor and surrounding tissue causes a temporary 
reduction of localised blood and interstitial fluid 
exchange.108 Sensor-filament displacement within the 
inser tion site can also occur104 and localised changes 
in temperature can affect oxygen tension and sensor 
output.109 These effects can combine to create temporar-
ily reduced sensor readings.

However, each sensor has been developed by the 
manufacturer with presignal algorithms authorised by 

regulatory bodies. To avoid post hoc data cleaning of 
low-frequency artifacts, we recommend including 
potentially artefactual data in the primary analysis set, 
as chance and randomisation will balance any bias 
between the study groups. Sensitivity analysis can be 
considered if artifacts are suspected. Insertion site 
selection, with preference for arm over abdomen, can 
contribute to avoiding sensor artifacts.

Conclusion 
Prospective and randomised controlled clinical studies in 
diabetes, especially with new pharmaceutical agents, can 
benefit from incorporating CGM devices for both the 
comparative monitoring of the intervention and as 
clinically relevant outcome measures that complement 
estab lished HbA1c outcomes. Additionally, the use of 
CGM-derived metrics can identify selective treatment 
tar gets related to hypoglycaemia, postprandial hypergly-
caemia, and glucose variability. The efficacy, safety, 
and ability of CGM devices themselves to positively affect 
a range of measures of glycaemic control is a challenge to 
effective trial design. Although the use of blinded sensors 
can minimise the confounding effect of CGM, the use of 
unblinded CGM should also be accommodated, 
particularly in type 1 diabetes in which the use of personal 
GCM devices is now widespread.

To optimise study objectives, careful consideration 
should be given to the selection and use of CGM devices 
used for data collection. Different features of different 
systems will be appropriate for different study protocols 
and participant cohorts. Equally, among the diverse 
range of study endpoints that can be supported by CGM 
devices, it is crucial to choose those that have the most 
relevance to the study objectives. The recommendations 
within this consensus statement focus on providing 
clear guidance regarding how the use of CGM devices 
can be most effectively incor porated into protocols for 
prospective clinical studies so that the resulting glucose 
metrics can be collected, managed, and interpreted 
with confidence in the context of the trial objectives 

Search strategy and selection criteria

Papers for this Review were identified via searches of PubMed 
for articles published between Jan 1, 1989, and June 30, 2022, 
by use of the terms “randomized controlled trial”, 
“randomized clinical trial”, “real world study”, “observational 
study”, “continuous glucose monitoring”, “CGM”, 
“intermittently scanned continuous glucose monitoring”, 
“isCGM”, “flash glucose monitoring”, “time in range”, “time 
below range”, “time above range”, “MARD”, “GMI”, “GRI”, 
“ambulatory glucose profile”, and “diabetes”. Appropriate 
papers that were identified via this search and relevant 
references cited in those articles were reviewed. Only 
published articles were reviewed and all searches were 
restricted to studies on humans and published in English.



12 www.thelancet.com/diabetes-endocrinology   Published online December 6, 2022   https://doi.org/10.1016/S2213-8587(22)00319-9

Review

and outcomes. Importantly, the clinical significance of 
some CGM metrics, such as time below range, needs to 
be considered according to patient-related outcomes.
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