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Optimising glycaemic control is crucial to preventing  Importance of improved glycaemic control

diabetes-associated complications. Continuous Optimising glycaemic control remains the cornerstone to pre-
glucose monitoring (CGM) technologies offer venting microvascular and macrovascular complications of
advantages over the standard method of self- diabetes. Landmark studies, such as the Diabetes Control and

Complications Trial (DCCT)' and the UK Prospective Diabetes
Study (UKPDS),? provide compelling evidence that intensive
glucose-lowering therapy reduces complications, including
retinopathy, nephropathy, neuropathy and cardiovascular dis-
ease. Implementing intensive glucose-lowering regimens to
o ; achieve tight glycaemic targets is a significant challenge because
decision making. of the practical burden of frequent capillary glucose monitoring
and the increased risk of hypoglycaemia with more intensive
treatment.

For the past five decades, measuring glycated haemoglobin
(HDbA,,) levels and self-monitoring blood glucose (SMBG) have
been the standard methods of evaluating glycaemic status and

monitoring blood glucose levels. It is important to
understand the features of each CGM system to
select the most appropriate device for each individual.
CGM generates large quantities of data that require
careful interpretation to effectively inform therapeutic

KEY POINTS adjusting therapy. HbA, has been recognised as the most impor-
« Continuous glucose monitoring (CGM) has become state of tant surrogate index of glycaemia, given its correlation with
the art in the management of type 1 diabetes. diabetes-associated complications.’ However, the use of these
* CGM is subsidised in Australia through the National Diabetes tools has recognised limitations. HbA,. levels can be used to
Services Scheme for all people with type 1 diabetes. estimate the average glucose level over the preceding three months

There is strong evidence for the benefits of CGM in type 1
and insulin-treated type 2 diabetes, including reductions
in HbA4. levels, increased time in range and reduced
hypoglycaemia.

¢ CGM can detect clinically significant events that may be
missed using traditional monitoring methods, such as
asymptomatic hypoglycaemia, nocturnal hypoglycaemia,
and unrecognised postprandial hyperglycaemia.

« Standardisation of glucose reports into an ambulatory
glucose profile assists clinicians in analysing key aspects
of glycaemic targets.

o Most CGM systems are now compatible with insulin

pumps, allowing for integration into automated insulin

delivery or closed-loop devices.

but do not reflect glucose variability or capture information on
glycaemic excursions. SMBG provides a snapshot of the blood
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DIABETES CLINIC continued I

TABLE 1. CGM SYSTEMS CURRENTLY AVAILABLE IN AUSTRALIA

Medtronic (Copyright Medtronic).

indicating higher accuracy.

Features CGM system
Dexcom G6 FreeStyle Libre 2 Guardian Sensor 4
Sensor image* ,_,-:-,"-
"
Sensor wear 10 days 14 days 7 days
Connects to Receiver or compatible Reader or compatible | Compatible
smartphone smartphone smartphone
Integration Tandem TSlim, YpsoMed NovoPen 6 Medtronic 780G
with other InPen
devices
Calibration No calibration needed No calibration needed | No calibration
Required needed
MARD* 9.0% 9.5% 10.6%

Abbreviations: CGM = continuous glucose monitoring; MARD = mean absolute relative difference.
* Sensor images reproduced with permission from: Dexcom (Copyright Dexcom), Abbott (Copyright Abbott) and

T The MARD reflects the mean absolute relative difference compared with reference glucose values, with lower values

glucose level at a single point in time
without indicating the directionality of
glucose changes or the variations in glu-
cose since the last finger prick. The utility
of HbA,_ is limited in settings of altered
red blood cell turnover, haemoglobinop-
athies, pregnancy, advanced renal disease,
nutritional deficiencies, recent blood loss
or transfusions and certain medications.
Relying solely on measuring HbA,. and
infrequent SMBG may fail to detect events
of significance, particularly asympto-
matic hypoglycaemia, nocturnal hypo-
glycaemia and unrecognised postprandial
hyperglycaemia. Continuous glucose
monitoring (CGM) has emerged over the
past 15 years as a valuable adjunct to
HbA, testing and SMBG. CGM devices
use a subcutaneous sensor to measure
interstitial glucose levels, providing
detailed insights into 24-hour glucose
profiles and allowing for the evaluation
of clinically important glycaemic metrics,
such as time in range (TIR), the degree of
glucose variability and the amplitude
of glucose excursions.
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Current CGM systems
CGM systems comprise a transcutaneous
sensor inserted into the subcutaneous tis-
sue, usually on the abdomen or arm. The
sensor contains an enzyme-based biosensor
that measures interstitial fluid glucose
concentrations at one- to five-minute inter-
vals via an amperometric method. A math-
ematical algorithm converts the measured
interstitial levels to calibrated blood glucose
values. Data can be viewed in real-time on
standalone readers, integrated into insulin
pumps or transmitted to a mobile phone.
Users can set alarms to alert when glucose
levels rise or fall below specific thresholds.
Certain CGM systems feature hypo-
prediction capabilities, providing users
with alerts for predicted hypoglycaemia.
Historically, CGM devices required regular
calibration with fingerprick testing for
accuracy; however, most current devices
are factory-calibrated and do not require
user calibration.

Mean absolute relative difference
(MARD) is a metric used to assess the
accuracy of CGM systems. It measures
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the average difference between CGM
readings and the reference values
obtained from alaboratory device across
arange of glucose levels. A lower MARD
indicates higher accuracy. Typically,
CGM systems with a MARD of about
10% are regarded as having acceptable
performance.*

Clinical benefits of CGM

The large quantity of glucose readings
collected by CGM systems provides a
comprehensive profile of glycaemic status
over the entire day, including the TIR
(usually 3.9 to 10.0mmol/L), time spent
in hypo- and hyperglycaemia and meas-
ures of glucose variability. Numerous
studies have demonstrated the clinical
advantages of CGM compared with
SMBG. CGM is associated with reduc-
tions in HbA . levels of about 0.3 to 0.5%
in individuals with type 1 diabetes and
0.2 to 0.3% in those with insulin-treated
type 2 diabetes.” It has been found to
increase TIR while reducing hypogly-
caemia by 23 to 43%.° The benefits of
CGM are consistent across diabetes
populations, including in children, ado-
lescents, adults, pregnant women and
older people.”!" In addition to improving
glycaemic control, CGM is associated
with reduced diabetes-associated stress,
increased treatment satisfaction and
better quality of life.!? The likelihood of
achieving an HbA,level below 7% is 2.5
times greater after the introduction of
CGM, and the benefit is maintained in
the long term.”” Diabetic ketoacidosis was
also reduced by 49% in people using a
CGM device.” Younger people with dia-
betes, who are less likely to achieve treat-
ment targets and may be more inclined
to adopt the technology, are likely to see
the greatest benefits from CGM." Some
CGM devices integrate with smart insulin
pens, allowing doses and administration
times to be automatically displayed on
14-day glucose patterns without requiring
manual entry by the patient. CGM devices
currently available in Australia are pre-
sented in Table 1.



CGM data interpretation

CGM provides an abundance of informa-
tion on glycaemia, necessitating struc-
tured approaches to data reporting and
analysis, particularly for clinicians who
may access many weeks or months of data
ata consultation. The ambulatory glucose
profile (AGP) format was developed to
facilitate a consistent approach to visual-
ising CGM data across different devices
and healthcare settings.” The Australasian
Diabetes Society (ADS) released A Prac-
tical Guide of the Glucose Pattern Insights
(GPI) Report in Primary Care to assist in
interpreting these reports.'® This guide
provides a standardised framework
focused on the key CGM metrics and
pattern recognition to facilitate decision
making.

The AGP report consolidates 14 days
of CGM data into a single-page display
with three sections: glucose pattern
insights, considerations for the clinician
and 14-day glucose patterns (Figure). CGM
should capture at least 70% of the 14-day
period for the report to be considered valid
and representative. The glucose manage-
ment indicator (GMI) is a calculated
HbA - equivalent value based on the mean
glucose level over 14 days. A GMI below
7% (53 mmol/mol) is an appropriate goal
for most patients. Recommended target
TIRsare 70% (equivalent to an HbA, level
below 7%) for most adults with type 1 or
2 diabetes and 50% or higher for older
people or individuals with impaired hypo-
glycaemia awareness to minimise the risk
of hypoglycaemia (Table 2)."” Time below
range (TBR) indicates the percentage of
CGM readings below 3.9 mmol/L, reflect-
ing the exposure to clinically significant
hypoglycaemia. Minimising TBR to less
than 4% is the highest priority to reduce
the risk of severe hypoglycaemia. Time
above range (TAR) denotes hyperglycae-
mic values higher than 10.0 mmol/L, with
consensus TAR targets of below 25%
recommended for most individuals.

The second section of an AGP contains
the GPI report’s determination of the ‘Most
Important Pattern’, based on a hierarchical

AGP Report

19 March 2024 - 1 April 2024 (14 Days

STICS AND TARGETS
19 March 2024 - 1 April 2024 14 Days
Time Sensor Active: 75%
Ranges And Targets For Type 1 or Type 2 Diabetes
Glucose Ranges Targets % of Readings (TiwwiDay)
Torget Range 3.9-10.0 mmoll. Groater than 70% (18h 48min)
Below 3.9 mmoill Less than 4% (S8min)
Below 3.0 menollL Less than 1% (14min)
Above 10.0 mmali Less than 25% (Bh)

Above 13.0 mmoliL Less than 5% (1h 1:2min}

oally sl

10.3 monce
7.7% or 61 mmolimol
51.4%

Average Glucose
Glucose Management Indicator (GMI)

Glucose Variability
Defined as percent coefficient of variation (%CV); target $36%

AMBULATOR

ILE (AGP)

21.0mmoliL

TIME IN RANGES

'—Very High >138 mma 26% (61 14min)

High 101 - 138 mmain 20% (4h 48man)

I Target Range 39- 100 mmeoiL 42% (100 Smin)
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Figure. Continuous glucose monitoring visualisation in an ambulatory glucose profile (AGP) report
over 14 days showing glucose statistics and targets, time in range, ambulatory glucose profile and

daily glucose profiles.

algorithm that weighs the relative degrees
of hypoglycaemia, hyperglycaemia and
glucose variability. The three main pat-
terns are persistent low glucose, mixed
highs with some lows and persistent high
glucose.

The third section contains the modal
day graph, depicting the median and
inter-decile glucose ranges for each hourly
period. This graph can rapidly identify
glucose patterns related to meals, activity,
overnight periods or other daily routines.

The Figure presents an example of a
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report that shows a mixed pattern of hypo-
glycaemia and hyperglycaemia. In this
report, GMIis 7.7%. The TBR is 9%, higher
than the recommended range, and the TIR
is 42%, lower than the target. The AGP
identifies periods of hypoglycaemia in the
early hours of the morning, as well as
hyperglycaemia in the morning and
evening, which can be observed in more
detail in the daily patterns. This informa-
tion can help guide changes in basal insu-
lin reductions, identify different patterns
of behaviour on different days and adjust
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DIABETES CLINIC continued I

TABLE 2. CONTINUOUS GLUCOSE MONITORING-BASED TARGETS FOR DIFFERENT
DIABETES POPULATIONS*®
Glucose levels Time in range (%) for population
General population
Type 1 and 2 diabetes Older and high-risk: type 1 and 2 diabetes
<3.9 mmol/L <4% <1%
3.9-10.0 mmol/L >70% >50%
>10.0 mmol/L <25% <50%
>13.9 mmol/L <5% <10%
Pregnancy
Type 1 diabetes Gestational and type 1 diabetes
<3.5 mmol/L <4% <4%
3.5-7.8 mmol/L >70% >90%
>7.8 mmol/L <25% <5%
| Key: [l = very low; [M=low; ||=targetrange; = =high; = =very high.

prandial insulin. It is useful to look at indi-
vidual days as well as the AGP reportand
identify any dosing or dietary issues that
may contribute to hyper or hypoglycaemia.
The initial course of action would be to
address the issue of hypoglycaemia and its
underlying causes. This entails examining
whether the hypoglycaemia arises from
basal insulin usage or from the adminis-
tration of excessive correction doses at
bedtime in response to elevated glucose
levels. After this, the cause of hypo- and
hyperglycaemia could be further estab-
lished by discussing the timing of insulin
and food intake. The use of CGM technol-
ogy has precipitated a paradigm shift in
glycaemic management, prioritising hypo-
glycaemia mitigation over hyperglycaemia
reduction. This approach, contrary to the
hyperglycaemia-centric focus fostered by
HbA . monitoring, is predicated on the
understanding that addressing hypogly-
caemia can paradoxically improve overall
glycaemic control, by attenuating counter
regulatory hormone responses, reducing
glycaemic variability and optimising TIR.
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The AGP report reveals how seemingly
acceptable HbA, values can mask signif-
icant blood sugar fluctuations, showing
the limitations of relying solely on HbA .
and the valuable insights provided by
CGM data.

Intermittent CGM use

Ongoing CGM use may not be feasible
or necessary for all patients. Intermittent
CGM use for limited periods can assist
in identifying patterns of glycaemic dys-
regulation, hypoglycaemic vulnerability,
postprandial excursions, or the impact of
therapeutic or behavioural adjustments
in ways that isolated SMBG readings
cannot. Itis particularly helpful in patients
with type 2 diabetes who are treated with
insulin and not meeting glycaemic targets.
Intermittent use of CGM has shown
benefits in improving diet and exercise
habits, thereby reducing body weight and
prandial glucose and HbA, levels.” An
HbA,. decrease of 0.8% has been observed
with intermittent CGM use, persisting
with long-term follow up.'®
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Clinical scenarios that may warrant
consideration of intermittent CGM use
for insulin-treated diabetes include:

o for temporary glucose pattern
evaluation to identify factors
contributing to high or low glucose
levels

o to assess suspected nocturnal
hypoglycaemia

« to elucidate the glycaemic impacts of
implemented changes and identify
persistent glycaemic patterns if
initiating lifestyle or medication
changes

o to assist management in those with
existing complications such as
gastroparesis

o to monitor fluctuating glycaemia in
the setting of acute illnesses, bariatric
surgery, chemotherapy, dialysis or
steroid therapy

o for temporary glucose assessment,
for example, medical assessment for
specific activities.

Limitations and barriers of

CGM devices

CGM has emerged as a revolutionary mon-
itoring tool for optimising diabetes man-
agement; however, various limitations and
barriers to widespread adoption persist.

Cost and access constraints

All CGM systems are now accessible and
subsidised for patients with type 1 diabetes
through the National Diabetes Services
Scheme CGM Initiative. Department of
Veterans® Affairs cardholders with type 2
diabetes can access subsidised CGM
products prescribed by their GP, diabetes
educator or endocrinologist. Referral to a
diabetes educator or endocrinologist for
CGM device selection may be beneficial to
determine the most suitable device for each
patient depending on factors such as accu-
racy; cost, ease of use, phone compatibility,
device integrations and size. CGM devices
must be funded privately for those not eli-
gible for subsidies. The price of these
devices starts from about $50 a week. Some
manufacturers offer discounted sensors



for trial periods. Despite the government
subsidy increasing the affordability of
CGM, many eligible people have not yet
adopted this life-changing technology. This
underutilisation highlights the ongoing
need to raise awareness, overcome barriers
to adoption and ensure that more people
with type 1 diabetes can experience the
valuable insights and improved glycaemic
management that CGM technology
provides.

Accuracy limitations

Although the accuracy of modern CGM
systems continues to improve, they remain
indirect measurements compared with
blood glucose measurements. CGM devices
quantify interstitial glucose, which lags five
to 20 minutes behind capillary glucose
levels.” Factors including body habitus,
sensor location, sensor compression during
sleep, exercise, rapid fluid shifts (e.g. during
dialysis), certain medications (e.g. paraceta-
mol, vitamin C) and fluctuating interstitial
dynamics during periods of rapid blood
glucose change can contribute to discrep-
ancies between sensor measurements and
plasma levels.

Skin issues, wearability and mental
health

CGM devices may cause redness, itching
or infection at insertion sites. CGM devices
and sensor adhesives can also become
unstable, peel off or dislodge during phys-
ical activities, sweating or exposure to
moisture. Patches, wipes and creams are
available to reduce these occurrences.
People with impaired dexterity or neuro-
cognition may find it challenging to self-
insert CGM sensors, although SMBG may
be even more challenging in this popula-
tion. Many studies have shown improved
quality of life with the use of CGM com-
pared with SMBG. However, some indi-
viduals may experience increased anxiety
and diabetes-associated distress from
constantly seeing their CGM tracing.
These people may benefit from counselling
to understand and respond to their CGM
data. Additionally, the physical presence

of the CGM sensor may negatively affect
body image and self-confidence.

The future landscape of CGM
technology

Although contemporary CGM devices
have transformed diabetes care, several
promising developments on the horizon
could further enhance CGM accuracy,
convenience and clinical utility.

Automated insulin delivery
integration

CGM combined with insulin pump deliv-
ery is the fundamental technology behind
closed-loop insulin delivery systems, also
known as the artificial pancreas. In these
systems, CGM provides real-time glucose
levels to an algorithm that calculates insu-
lin dose adjustments using a compatible
insulin pump, minimising glycaemic
excursions. Several hybrid closed-loop
systems are in clinical use in Australia,
including the Medtronic MiniMed 770G
and 780G pumps, Tandem Control-1Q,
and CamAPS FX used in conjunction
with the YpsoPump.

Implantable CGM sensors

Although not yet available in Australia,
implantable CGM sensors may overcome
the cost and inconvenience associated with
the limited functional lifespan of transcu-
taneous CGM sensors. The Eversense
system is inserted subcutaneously in a
minor outpatient procedure and provides
data for up to six months before needing
replacement.

Advances in existing devices
The Dexcom G7 is currently used overseas
but is not yet available in Australia. It is
60% smaller than the G6, has a 10.5-day
lifespan and requires less than 30 minutes
to warm up, compared with the two hours
required for the G6. The G7 integrates the
sensor and transmitter into a single piece.
The FreeStyle Libre 3 features a 70%
smaller sensor, increased transmission
distance of 10 meters and improved
MARD. It has customisable alarms, can
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be worn on the arm or body and may be
used with an automated insulin delivery
system. It is not clear when it will be avail-
able in Australia.

Simplera is half the size of previous
Guardian CGM systems and is expected
to be available later this year. It has an
updated user interface and a simple
10-second insertion process. It integrates
with the InPen (a smart insulin pen that
records insulin times and doses) and the
MiniMed 780G insulin pump/automated
insulin delivery system.

Conclusion

CGM has revolutionised the monitoring,
evaluation and optimisation of glycaemic
control. CGM delivers continuous data
on glucose levels, variability and trends.
These data empower clinicians and people
with diabetes with insights to inform ther-
apeutic decisions to improve glycaemic
outcomes while minimising hypoglycae-
mia risk. It is important to understand
when SMBG should be used in preference
to CGM and to understand the features
of CGM devices to ensure the right device
for each person.

Growing evidence shows the benefits
of CGM across populations, including
reductions in HbA,_ level, increased TIR,
reduced hypoglycaemia and improved
treatment satisfaction. This state of the
art technology has well-established ben-
efits for type 1 diabetes and mounting
evidence for insulin-treated type 2 diabe-
tes. As utility and accuracy improve, costs
decline and reimbursement broadens,
CGM benefits will continue expanding
across the diabetes spectrum. Mr
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