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Overview

• Reflect on the CGM journey

• Key considerations with CGM accuracy
• CE Marking
• Study design importance
• Limitations of MARD 
• Quality standard

• CGM Accuracy: The future



Scenario

§ John comes into clinic to see you

§ He has T1DM on multiple daily injections

§ He is trialing a new CGM he was offered 
via an internet advert

§ He likes it and asks you if you can make it 
available locally

§ What is your approach?
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Type 1 diabetes: 
The most challenging long-term condition to self-manage

Thinking 
ahead

Competing 
stresses

Checking 
glucose

Calculating 
insulin doses 

Planning 
exercise

Worry about 
hypos

Reviewing 
data

Planning food, 
counting 

carbs



A journey with new technology

§Male with T1DM, disengaged with his 
diabetes

§Very high glucose levels for past 5 
years 

§ Foot ulcers, charcot, retinopathy
§Clinic 2016 keen to re-engage in his 

care, rebuild confidence
§HbA1c 10.3%, not monitoring
§Between clinics started to self-fund 

iCGM….



HbA1c improvement 
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Took on a 2nd job delivering papers to 
be able to fund access to sensors



?. 
2020

Postcode lottery in access
2018

Flash available to self fund
2015

NHSE national criteria launched
DTN-UK online modules

2019

Impact RCT published
2016

Fight for Flash Campaign
Limited funding

2017

The Flash Glucose Monitoring Journey

1/3 of T1DM population have access
ABCD audit data published

https://www.diabetescare.abbott/support/manuals/uk.html
FreeStyle Libre system user guide



Real World Data

0

200

400

600

800

1000

1200

Admissions
DKA/hyperglycaemia

Admissions hypoglycaemia Paramedic call outs Severe Hypoglycaemia

Impact on key outcomes

Pre-Libre Post-Libre

N = 1952N = 1940 N = 1944

Deshmukh H, Wilmot EG et al. Diabetes Care 2020  15;43(9):2153-60

N = 1978

5.2 mmol/mol (0.5%) HbA1c (P<0.001)  
N=3182



NICE Medtech Innovation Briefing

12
https://www.nice.org.uk/advice/mib110/resources/freestyle-libre-for-glucose-monitoring-pdf-2285963268047557

“There are currently no high quality, peer-reviewed 
randomised studies on the use of FreeStyle Libre” 



Flash UK 
Randomised 
Controlled Trial



Flash UK
In this 8 site multi-centre randomised 
controlled trial FreeStyle Libre 2 led to:
§ Significant improvement in HbA1c
§ Less hypoglycaemia
§ Improved treatment satisfaction

Cost Effectiveness
§ Incremental cost-per-QALY of £4477
§ For  people  with HbA1c  >75  mmol/mol 

(9.0%), cost-saving 

§ >95% of people living with T1DM now 
have access to NHS funded continuous 
glucose monitoring 



Offer adults with T1DM a choice of CGM 
based on their individual 

preferences, needs, characteristics, 
& the functionality 

of the devices available. 
[2022]
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15https://www.nice.org.uk/guidance/ng17



Sensors are now standard of care for 
people living with Type 1 diabetes in 

England, UK



NICE T1 guidance: personal choice is central

Smartphone access

Frequency sensor changes
Dexterity
Data sharing

Sensor accuracy
Hypoglycaemia fear, 
frequency & awareness
Predictive alerts/alarms

Need for use in closed loop

Psychosocial factors
Impact on work 

Body image concerns
Skin reactions

https://www.nice.org.uk/guidance/n
g17/resources/type-1-diabetes-in-
adults-diagnosis-and-management-
pdf-1837276469701



Challenges

§We now have wide access to CGM in people with T1DM
§ Increasing access in people with T2DM

§NICE supports choice of devices 

How do we, as HCPs assess sensor accuracy??



Imagine this

“This new CGM system has a CE mark and a very accurate MARD!”



report a Mean 
Absolute Relative 
Difference (MARD) 
of <10%.

Is this metric a 
reliable marker of 
accuracy?

1. Yes, it must be
2. Not sure
3. I don’t think so

Is a CE mark an indication 
that the glucose sensor 
provides highly accurate 
and precise glucose 
readings for people living 
with diabetes?



report a Mean 
Absolute Relative 
Difference (MARD) 
of <10%.

Is this metric a 
reliable marker of 
accuracy?

1. Yes, it is my go-to indicator of accuracy
2. Useful, but does not provide a full picture
3. No, it hides a multitude of sins!
4. Never heard of it

CGM systems 
generally report a 
Mean Absolute 
Relative Difference 
(MARD)

Is this metric a 
reliable marker of 
accuracy?



What is CGMExploring MARD



They will never be the same!



Accuracy and precision
Both are critical to the analysis of glucose-sensor performance

• Accuracy = how close are sensor test results to the YSI reference standard

• Precision = how close are sensor test results to each other

• MARD is a metric of average accuracy, but not precision

• Precision can be visualised together with MARD in a consensus error grid (CEG)

CEG: Consensus error grid; MARD: Mean average relative difference; YSI: Yellow Spring Instrument

Ajjan RA, Wilmot EG et al. Diab Vasc Dis Res. 2018;15(3):175-184



5 zones which help reflect level of risk:
• Zone A: No effect on clinical action (considered clinically accurate)
• Zone B: Altered clinical action but no or little effect on clinical outcome 
• Zone C: Altered action, likely to affect outcome
• Zone D: Significant medical risk
• Zone E: Erroneous treatment, could have dangerous consequences 

• The accuracy of glucose monitors should be sufficient to 
exclude errors of >15%1

• The Consensus Error Grid is a tool for evaluating the clinical 
significance of inaccuracies in the measurement of glucose 
readings2

Se
ns

or
 g

lu
co

se
 re

ad
in

gs
 (m

g/
dL

)

Reference blood glucose readings (mg/dL)

Consensus Error Grid

American Diabetes Association: Consensus statement on self-monitoring of blood glucose. Diabetes Care  1987; 10:95–99
Parkes JL, et al. Diabetes Care 2000; 23:1143–1148

Consensus Error Grid
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Considerations

Ajjan RA, Wilmot EG et al. Diab Vasc Dis Res. 2018;15(3):175-184



Accuracy



Can we rely on MARD?

§MARD is a useful measurement 
of accuracy of CGM systems

§ The lack of universally 
accepted protocols for 
assessing MARD means that it 
cannot be used in isolation 
as a statement of 
comparative accuracy 

§ The objective accuracy of any 
glucose monitoring system is 
dependent on protocol used to 
test accuracy

Ajjan RA, Wilmot EG et al. Diab Vasc Dis Res. 2018;15(3):175-184



MARD

§Study reports MARD 9.08%
§Multi-centre study in 120 participants
However….
§Only 14 (11.3%) had Type 1 diabetes and 57 (49.6%) were on 

insulin
§No sensor day 1 data available

Linong J et al. JDST 2021



Background – The timeline

May 2022
John Pemberton RD

Jun - Dec 2022
Dr Emma Wilmot
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Professor Nick Oliver
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Dr Craig Taplin

Professor Pratik Choudhary

Tim Street @Tims_Pants 
https://www.diabettech.com/ 

30th Dec 2022

Dr Peter Adolfsson

Slide courtesy of John Pemberton

https://www.diabettech.com/


Safe and effective?

We need study design standardization

Slide courtesy of John Pemberton



Scenario

§ John comes into clinic to see you

§He is trialing a new CGM he was 
offered via an internet advert

§He likes it and asks you if you can 
make it available locally

§What is your approach?

12/11/25
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“This new CGM system has a CE mark and a very accurate MARD!”



DSN Forum 
12/11/25

35https://www.diabetesspecialistnurseforumuk.co.uk/charts

https://www.diabetesspecialistnurseforumuk.co.uk/charts


Key study design standards 
12/11/25
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T2 vs T1DM

38



39

12/11/25



Meal and insulin challenges 

40



41

12/11/25



Testing during hypo and hyperglycaemia
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Testing across the full sensor glucose range

Slide courtesy of John Pemberton
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40/40
Outside of this range is high risk

If your CGM reports a value below 
3.9 mmol/L, it’s considered accurate 
if the matched blood glucose is 
within ±2.2 mmol/L (±40 mg/dL).

§ Example:
A CGM reading of 3.8 mmol/L is 
on target if the true value lies 
between 1.6 and 6.0 mmol/L.

If your CGM reports 3.9 mmol/L 
or above, it’s accurate if the 
matched blood glucose is within 
±40% of the CGM value.

• Example:
A CGM reading of 10.0 mmol/L 
is on target if the actual glucose 
is between 6.0 and 14.0 
mmol/L.
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Paediatric considerations
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Fingerprick glucose

§With CGM use this is needed: 
§ To confirm hypoglycaemia
§When sensor glucose does not 

match symptoms

§Some CGM systems also need a 
blood glucose test confirmation for 
insulin dosing – if a system does 
not have a “non adjunctive licence” 
then this means finger pricks will be 
needed to guide insulin dosing 

52
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https://www.diabetesspecialistnurseforumuk.co.uk/new-cgm-comparison-chart

https://gbr01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.diabetesspecialistnurseforumuk.co.uk%2Fnew-cgm-comparison-chart&data=05%7C02%7Cjohnpemberton%40nhs.net%7Cefdb32f83a1d4724e7a908dd929bee9b%7C37c354b285b047f5b22207b48d774ee3%7C0%7C0%7C638827920589173147%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=qL%2FcQXiz%2BA4sFdGK5bvBGk0ggPv2mlmycAj3FSIewmE%3D&reserved=0
https://gbr01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.diabetesspecialistnurseforumuk.co.uk%2Fnew-cgm-comparison-chart&data=05%7C02%7Cjohnpemberton%40nhs.net%7Cefdb32f83a1d4724e7a908dd929bee9b%7C37c354b285b047f5b22207b48d774ee3%7C0%7C0%7C638827920589173147%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=qL%2FcQXiz%2BA4sFdGK5bvBGk0ggPv2mlmycAj3FSIewmE%3D&reserved=0
https://gbr01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.diabetesspecialistnurseforumuk.co.uk%2Fnew-cgm-comparison-chart&data=05%7C02%7Cjohnpemberton%40nhs.net%7Cefdb32f83a1d4724e7a908dd929bee9b%7C37c354b285b047f5b22207b48d774ee3%7C0%7C0%7C638827920589173147%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=qL%2FcQXiz%2BA4sFdGK5bvBGk0ggPv2mlmycAj3FSIewmE%3D&reserved=0
https://gbr01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.diabetesspecialistnurseforumuk.co.uk%2Fnew-cgm-comparison-chart&data=05%7C02%7Cjohnpemberton%40nhs.net%7Cefdb32f83a1d4724e7a908dd929bee9b%7C37c354b285b047f5b22207b48d774ee3%7C0%7C0%7C638827920589173147%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=qL%2FcQXiz%2BA4sFdGK5bvBGk0ggPv2mlmycAj3FSIewmE%3D&reserved=0
https://gbr01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.diabetesspecialistnurseforumuk.co.uk%2Fnew-cgm-comparison-chart&data=05%7C02%7Cjohnpemberton%40nhs.net%7Cefdb32f83a1d4724e7a908dd929bee9b%7C37c354b285b047f5b22207b48d774ee3%7C0%7C0%7C638827920589173147%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=qL%2FcQXiz%2BA4sFdGK5bvBGk0ggPv2mlmycAj3FSIewmE%3D&reserved=0
https://gbr01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.diabetesspecialistnurseforumuk.co.uk%2Fnew-cgm-comparison-chart&data=05%7C02%7Cjohnpemberton%40nhs.net%7Cefdb32f83a1d4724e7a908dd929bee9b%7C37c354b285b047f5b22207b48d774ee3%7C0%7C0%7C638827920589173147%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=qL%2FcQXiz%2BA4sFdGK5bvBGk0ggPv2mlmycAj3FSIewmE%3D&reserved=0
https://gbr01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.diabetesspecialistnurseforumuk.co.uk%2Fnew-cgm-comparison-chart&data=05%7C02%7Cjohnpemberton%40nhs.net%7Cefdb32f83a1d4724e7a908dd929bee9b%7C37c354b285b047f5b22207b48d774ee3%7C0%7C0%7C638827920589173147%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=qL%2FcQXiz%2BA4sFdGK5bvBGk0ggPv2mlmycAj3FSIewmE%3D&reserved=0


Not all CGM are equal…



eCGM

POCT05 Study Criteria:
§ T1D: 70-75%
§ Meal and Insulin challenges 
§ 8%: TBR (<70 mg/dL or 3.9 mmol/L)
§ 5%: >300 mg/dL or 16.7 mmol/L

Performance Criteria:
- FDA iCGM 15/15
- FDA iCGM 40/40
- Other iCGM metrics
- Equivalent FDA Class III approval



Are all TIR equal?
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Comparing across sensors 
12/11/25

60Freckmann G et al. Diabetes Care. 2025;48(7):1213-1217. doi:10.2337/dc25-0129
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Responses

§ “Pemberton et al. raise relevant points about the broader implications of 
CGM discordances for clinical care and research. The lack of 
standardized performance requirements means that patients and 
clinicians may unknowingly rely on less accurate systems in situations 
where accuracy is most critical, or draw conclusions from research where 
an outcome might be an artifact of device-specific biases.”

§ “The demand raised by Pemberton et al. for internationally harmonized 
standards aligns perfectly with our conclusions. The International 
Federation of Clinical Chemistry and Laboratory Medicine Working Group 
on Continuous Glucose Monitoring, which several of us participate in, is 
actively working toward standardized evaluation protocols”

12/11/25

63Waldenmaier D et al. Diabetes Care 19 September 2025; 48 (10): e128–e129.



ISO Standard

Freckmann G, et al. J Diabetes Sci Technol. 2025 May 6:19322968251336221.



The future?



Summary

CE Marking is not a quality standard

MARD is not a quality standard

An international standard is needed



Scenario

§ John comes into clinic to see you

§ He has T1DM on multiple daily injections

§ He is trialing a new CGM he was offered 
via an internet advert

§ He likes it and asks you if you can make it 
available locally

§ What is your approach?
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Conclusion

§ Technology is improving 
outcomes in diabetes

§  We must ensure the CGM 
devices that people living with 
diabetes have access to are a 
high quality 

§ International efforts are 
underway to address unmet 
needs

68



Today at 1620: FreeDM2 study results
12/11/25
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Unlocking the Benefits of 
CGM in Type 2 Diabetes:

The FreeDM2 Randomised 
Controlled Trial
 
Methods 
and Primary Outcome

Dr Emma G Wilmot, FRCP, PhD
Associate Professor, University of Nottingham, UK
Chief Investigator FreeDM2 RCT

Dr Lalantha Leelarathna, FRCP, PhD

Associate Professor, Imperial College London, UK
Chief Investigator FreeDM2 RCT

ClinicalTrials.gov: NCT05944432
Study sponsored by Abbott Diabetes Care 

Trent Building, University of Nottingham
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