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The ambulatory glucose profile and its

Interpretation

transformed diabetes management, particularly
in type 1 diabetes, and is used as an adjunct
to diabetes management. Data from type 1 diabetes
registries reported an increase in CGM use in
paediatrics from 3% in 2011 to 22% in 2016 in the
United States, with similar rates of uptake in other
developed countries."

Continuous glucose monitoring (CGM) has

Glycated haemoglobin (HbA, ) has long been the gold
standard for assessing long term glycaemia in diabetes.”
However, HbA,_does not reflect glucose variability.
Individuals with the same HbA, _level can

have markedly different glucose trends,” so self-
monitoring of blood glucose with finger-prick glucose
measurement is recommended to supplement HbA,_
measurement. However, self-monitoring provides
isolated glucose readings with limited information on
glucose patterns over time, and is painful and time-
consuming.* In contrast, CGM provides real-time
continuous glucose information including glycaemic
patterns, which is more meaningful for clinicians and
people with diabetes.* CGM data can be collated over
time and presented in an ambulatory glucose profile
(AGP) report.

Continuous glucose monitoring

CGM is a minimally invasive modality of monitoring
glucose levels via a tiny subcutaneous sensor.”
Information, including current and previous glucose
levels and trends, is sent via a transmitter to a detector,
such as a phone or insulin pump.®” The detector can use
these data in complex algorithms to predict glycaemia.
There are two types of CGM: real-time CGM and flash
glucose monitoring. Real-time CGM passively transmits
glucose information without user engagement,

whereas flash glucose monitoring requires the user

to scan the sensor to access data.” An exception is the
alarm feature of the FreeStyle Libre 2 (Abbott) flash
monitoring device, which alerts the user of impending
dysglycaemia without the need for scanning,’

Studies have found that CGM use in type 1 and type

2 diabetes resulted in significant improvements

in HbA, _levels, time in range (TIR), and reduced
hypoglycaemia,'’"” including reduced rates of hospital
presentations for hypoglycaemia."” Studies have

also demonstrated high user satisfaction, improved
diabetes-related quality of life, and reduced fear of
hypoglycaemia.'""*

There are some limitations associated with CGM.
Devices are costly. Previously, the Australian
Government only offered reimbursement for people
with type 1 diabetes who met specific concession
criteria, with no subsidy for people with type 2
diabetes.”” As of July 2022, everyone with type 1
diabetes is now able to access subsidised CGM for a
co-payment of $32.50 per month, which equates to an
annual cost of $390.'° Without subsidy, the annual cost of

CGM ranges between $3000 and $6000,"” including the
sensor ($75-$110, wear-life 7-14 days) and transmitter
($400-$1000, wear-life 3-12 months).” CGM measures
interstitial glucose levels and has a mean absolute
relative difference of 10-20%, a physiological lag time of
5-10 minutes, and reduced accuracy at the extremes of
glycaemia and during rapid glucose changes.”” Older
CGMs require finger-prick calibration multiple times
daily to maintain correlation between interstitial and
blood glucose levels (BGLs). Newer CGM and flash
glucose monitoring devices are factory calibrated and
therefore avoid the need to perform finger pricks.”
Furthermore, frequent alarms at times of dysglycaemia
can cause alarm fatigue, leading to immediate alarm
silencing and disengagement with CGM.*"*

Ambulatory glucose profile report

The AGP is a report summarising CGM data over
multiple days of wear.”” The AGP can be produced
from 5 days to 3 months of CGM data. Studies have
shown that 14 days of data correlate strongly with

3 months of data for mean glucose levels, TIR, and
hyperglycaemia.'””’ Multiple international consensus
statements have agreed on using the AGP as

the default report. The core CGM metrics include
data completeness; glucose level statistics

(eg, hypoglycaemia, hyperglycaemia); glucose profile
based on a “summary day” (also named the AGP);
glucose management indicator (GMI); and daily
glucose profiles™ ™

Components of the AGP report

(Supporting Information, appendix 1).

Data completeness

Data completeness describes the duration and
proportion of time that the CGM was worn. Although
14 days of CGM data are sufficient, > 70% wear (ideally
>90% as per guidelines) is required for data to reliably
indicate usual patterns.”>** Flash glucose monitor
users are required to scan their sensor at least every 8
hours, otherwise data will be lost, and the report will
show data gaps.”

Glucose level statistics

Glucose level statistics include time in hypoglycaemia,
time in hyperglycaemia, and TIR. The goal of diabetes
management is to increase TIR while reducing
hypoglycaemia."”** The definitions provided are
standard international definitions of glycaemia.
Glycaemic targets may vary for some groups, such as
older people or those with comorbidities.

Time in hypoglycaemia

Hypoglycaemia is defined as BGL <3.9mmol/L.
Hypoglycaemia is further classified into low (3.0-
3.9mmol/L), and very low (<3.0mmol/ L).20%
Guidelines recommend reducing time below
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3.9mmol/L to <1hour/day (<4%), and time below
3.0mmol/L to <15minutes/day (< 1%).1821

Time in range

TIR is defined as BGL 3.9-10.0mmol/L.** The target
for TIR is >70%, equivalent to 10 days out of a

14-day wear."” TIR has an accurate predictive value for
glycaemia, where 70% TIR predicts an HbA, _level of
7.0%.% A 10% change above or below TIR predicts an
increase or decrease in HbA,_ of 0.5%, respec’cively.23
Increased TIR is associated with slowed progression of
microvascular complications, particularly retinopathy
and microalbuminuria.”®

Time in hyperglycaemia

Hyperglycaemia, defined as BGL>10.0 mmol/L,

is divided into high (10.1-13.9mmol/L), and very
high (> 139mmol/L) BGL.”>* High BGL should

be monitored closely, whereas very high BGL
warrants consideration of an insulin bolus to
correct hyperglycaemia.” There is no target time
in hyperglycaemia, although guidelines suggest
minimisation of hyperglycaemia while focusing on
increasing TIR and reducing hypoglycaemia."

Ambulatory glucose profile

The AGP combines input from multiple days of CGM
wear, displaying data as if all the readings had occurred
in a single 24-hour period,&22 allowing the user to
appreciate glucose patterns throughout the day and
night. It depicts information including median glucose
level, interquartile and interdecile glucose ranges, and
the target glucose range, allowing clinicians to easily
identify suboptimal glucose patterns (Box).

Glucose management indicator

The GMI (historically termed “estimated HbA, ")
represents average glycaemia derived from CGM data,

and is becoming increasingly used as an endpoint

in clinical trials.**” Estimated HbA, based on 14 days
of CGM data compares favourably to actual HbA,,
provided there have been no significant factors
affecting glycaemia.19 In practice, illness, changes

in diabetes management, diet and exercise, and red
blood cell disorders are common and reduce the
correlation of estimated to actual HbA, C.Zl To avoid
confusion, the term “estimated HbA, ” was changed

” 2]4

to “glucose management indicator”.

A significant difference between the GMI and HbA,
level can have management implications. A GMI lower
than the HbA, _level indicates that the individual’s
BGLs are lower than would be typically associated
with the HbA,_level.” Aggressive up-titration of
hypoglycaemic a§ents can lead to increased risk of
hypoglycaemia.”” However, these individuals are more
prone to glycation, with increased risk of diabetes-
related nephropathy, retinopathy and mortality
despite the same glucose exposure.”” Conversely,
individuals with a GMI greater than HbA, _level do
not have the same risk of hypoglycaemia with therapy
intensification, with reduced risk of diabetes-related
complications.”

Glucose variability

Glucose variability refers to the amplitude and
frequency of variation from the average glucose level.”’
Coefficient of variation is the most reliable marker of
glucose variability.”*”” The suggested target coefficient
of variation is <36%, indicating low glucose variability
and stable glycaemia,”*** although a target of <33% can
provide additional protection against hypoglycaemia
for people on insulin or sulfonylureas.” Some AGPs
report glucose variability as a standard deviation,
which is reliable when glucose values are normally
distributed, but this is rarely the case in diabetes.***
Unlike standard deviation, coefficient of variation can
be compared across time irrespective of changes in

21.0mmol/L

Ambulatory glucose profile constructed from 14 days of continuous glucose monitoring data*

AMBULATORY GLUCOSE PROFILE (AGP)

AGP is a summary of glucose values from the report period, with median (50%) and other percentiles shown as if occurring in a single day.
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* Reproduced with permission of Abbott, © 2022. All rights reserved.

The solid dark blue line represents the median or 50% line, where half of all glucose readings were above, and half were below the line. The interquartile range is
represented by the area shaded in dark blue, between the 25% and 75% lines. The interdecile range is represented by the area shaded in light blue, between the
dashed light blue 5% and 95% lines. The target glucose range (3.9-10.0 mmol/L) is denoted between the green lines. The AGP allows clinicians to easily identify
times of regular dysglycaemia. In this example, there is regular hyperglycaemia in the evening. @




mean glucose level, allowing clinicians to monitor true
glucose variability over time.”!

Glucose variability is not directly correlated with HbA,_
or GML* although it can supplement HbA, or GMI to
guide therapy. Increased glucose variability

is associated with increased risk of hypoglycaemia.
Therefore, in individuals with elevated HbA,_ with
increased glucose variability, a more conservative
approach in intensifying therapy should be taken. In
Supporting Information, appendix 2, the GMIs (labelled
as “estimated HbA, ") in both AGPs are 8.3%. However,
the coefficient of variation in figure B (46.6%) is much
higher than that of figure A (32.8%). The AGP in figure
B reflects high glucose variability, with nocturnal
hypoglycaemia at 2am approximately 10% of the time.
It is evident that increasing treatment based on HbA,
or GMI alone may result in increased hypoglycaemia in
people with high glucose variability.21

32,33

Daily glucose profiles

Daily glucose profiles are daily tracings of glucose
levels, and if entered by the CGM user, may include
markers denoting the timing of meals and exercise.
Review of daily glucose profiles allows more detailed
interrogation of glycaemia, allowin§ correlation of
dysglycaemia with specific causes.”**

Interpreting the AGP report

Multiple consensus-based approaches have been
developed to facilitate interpretation of the AGP
report.”*" Our method of interpretation is based on the
approach developed by a group of European experts’
and endorsed by the Australian Diabetes Society in a
recent consensus statement:””

e Ensure adequate data completeness. At least
14 days of CGM data with >70% wear is required to
guide management.”**

e Review the individual’s daily routine. People with
diabetes should be advised to keep a log detailing
the timing of medications, food and exercise, as well
as any stressors or illness.”

o Identify any hypoglycaemic episodes. Review
whether the 10% line of the AGP approaches
or is in the hypoglycaemic range.2 The time in
hypoglycaemia and daily glucose profiles can
supplement this. Hypoglycaemic episodes should
be correlated with food intake and exercise
and discussed with the patient, followed by
consideration of adjusting insulin timing and
dosage.”* Other parameters including basal
insulin dosing, insulin-to-carbohydrate ratio,
insulin sensitivity factor, and active insulin time
should be reviewed and adjusted as appropriate.

e Review the AGP. Review the AGP, examining
median glucose levels before each meal and
overnight. Evaluate regular times of dysglycaemia,
and consider alterations to diabetes management
accordingly.”

o Evaluate day-to-day variability. Examine the AGP
for times of large variability, supplemented by the
daily glucose profiles, with consideration given to

whether an understandable cause for variability can

be identified. Review the glucose variability, aiming

for a coefficient of variation <36% in general, although
targets should be individualised where appropriate.”**

e Review the TIR and GMI, and summarise the
key messages. Compare TIR, GMI and other CGM
metrics to the previous visit. Evaluate any effects
of medication or lifestyle changes, and discuss this
with the patient.”

Limitations

There are several challenges associated with the AGP.
Clinicians and people with diabetes must have suitable
technology and be trained to enable data sharing to view
CGM data.”! Data need to be near complete to allow
accurate interpretation.22’37 Day-to-day inconsistencies in
the timing of meals, exercise, and insulin administration
can make interpretation challenging.” Glucose
variability between days may be diluted in summary
data, and the lowest glucose levels (ie, below the

10th centile) are not shown on the AGP.” It has been
proposed that displaying time in hypoglycaemia and
hyperglycaemia, and TIR by time of day for individual
days and pooled over multiple days may help evaluate
the risks of dysglycaemia at specific times of day.™

Conclusion

CGM is rapidly becoming an integral adjunct in
diabetes management. With increasing government
recognition and federal funding, the AGP report will be
increasingly utilised and clinicians will need to know
how to interpret the AGP. The AGP report displays the
key CGM metrics agreed on by multiple international
consensus statements, as well as summary and daily
glucose profiles. Components of the AGP including

TIR and GMI will be increasingly used in trials. The
AGP allows clinicians and people with diabetes to
understand, assess and optimise diabetes management.
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