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Continuous gluc% monitoring: What, who and when?
*Essentials of data in@e etation

R
*Hybrid-closed-loop syste SO

O

eSmart Insulin Pens J,

*Data privacy, driving and other medicolegal issues



The evolutionof glucose monitoring
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Continuous Glucose Monitoring

Measures glucos mterstitial fluid
every few minutes, givi eal-time

data and trends.

27
Transmlt@ucose data by Bluetooth to a
reader or a ,6le phone app.

Glucose data can be reviewed on a reader
device or on mobile phone which can
also share data with an online portal.



Capillary Blood Glucose readings for a random day
In January 2025

@,

Time %Glucose (mmol/I)
10pm (night before) 8. )\

6.30am 10.2

12.30pm 7.6 % )
6.00pm 6.3 E

9pm 5.8




Continuous glucose itoring data for the
same random day Iin %y 2025
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NHS England Eligibility Criteria

Type 1 diabetes

Type 2 diabetes using tw@ of more daily insulin injections and:

* Recurrent or severe hypog.

* Impaired hypo awareness.

* Disability would make finger pwick glucose monitoring difficult.
* Advised to finger prick test at least § times a day.

* Pregnancy

Or:

* Type 2 diabetes using insulin and would otherwise need help

from a care worker or healthcare professional to monitor blood
glucose.

(NICE NG28)



NHS Scotland Eligibility Criteria

People with diab&tes using two or more daily
Insulin injections or ifigulin pump therapy.”

*Guidance specifically recommends flash glucogexignitoring, which has largely
been superseded by continuous glucose monitoring

Scottish Health Technologies Group advice statement 009-18 (2018)



NHS Wales

People with diabetes jwho require treatment with
insulin.

*Guidance specifically recommends flash glucosepnitoring, which has largely
been superseded by continuous glucose monitorings

Health Technology Wales (2021)



Key Metrics

* TJime in Range (TIR) Percentage of time glucose is in
target range. Usual gagkis >70% time in range.

* Time Below Range (TBR): PefCentage of time glucose is
below range (<3.9mmol/l).

e (Glucose variability (calculated from standard deviation
of glucose levels): Aim for variability <36%



How to Interpret Data

Case Study: Louise

57 years old O

Type 2 diabetes since 2013
Atorvastatin 20mg daily

Metformin 1¢g twice daily O)\

Empagliflozin 25mg daily

Basal-Bolus regime with Tresiba & Hum%

October 2025 annual review: J,
+ BMI 34kg/m?
e HbA1c: 49mmol/mol

Library photo

“l have the odd hypo now and then.”
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How to Interpret

Dexcom — -
AGP i 25557 | captorAGP:ss
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Louise

Ambulatory Glucose Profile (AGP)

Glucose Pattern Insights
Selected Dates: 10 Oct 2025 - 23 Oct 2025 (14
Days)
Time in Ranges

[ — 2 25,
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Target 35100 62:

Low 30.38 O 13
— N
—yion 5 - . 6.6

Considerations for the Clinici,

Most Important Pattern: [ESE

& Medication @ Lifestyle

* Medications contributing to lows?

* Medication added to address highs may worsen
lows

> Activity level varies dally?

Glucase Management Indicat

LibreView
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*  mlcohol consumption varies daity?

Glucose Patterns (14 Days)

ge: Lol 1

100

»  Meals sometimes missed or vary in carbohydrates?

Diabetes: Type 1

Sat, 1 Nov 2025 -

CGM Summary

Fri, 14 Nov 2025 (14 days)
Today: 14 November 2025

Glucose - Time In Range
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Case Study: Louise

GLUCOSE STATISTICS AND TARGETS

October 2025 - 23 October 2025
Time Sensor Active:

Ranges And Targets For

Glucose Ranges Targets % of Readegs (TemeDay)

Tacget Range 3.9-10.0 mmolL Greater than 70% (16h 48min)

Below 3.9 mmoil Less than 4% (58min)

Below 3.0 mmoll Less than 1% (14min)

Above 10.0 mmeiL Less than 25% (6h)

Above 13.9 mmallL Less than 5% (1h 12min)
Average Glucose 7.8 mmoin
Glucose Management Indicator (GMI)  6.7% or 49 mmol/mol
Glucose Variability 39.9%

Definod as percent coefficient of variation (%CV); target S36%

FreeStyle LibreLink O

Greengates Medical Group 171
01482 881517 23/10/2025

LibreView

r—- %)mmt 2% (20min)
High 71130 21% (50 2min)

Target Range JoA : 64% (150 22mim)

Low 30-38mmot kmumm

tVery Low <30mmont 2% (29min)

1.Validate data:

 Correct
patient?

* Right date?

* Sensor active?



Case Study: Louise

Louise
FreeStyle Librelink

AGP Report

GLUCOSE STATISTICS AND TARGETS

17 October 2025 - 23 October 2025 7 Days
Time Sensor Active: 100%
Glucose Ranges Targets % of Readegs (TemeDeay)
Target Range 3.9-10.0 mmotl Greater than 70% (16h 48min)
Below 3.9 mmoil Less than 4% (58min)
Below 3.0 mmoll Less than 1% (14min)
Above 10.0 menciL Less than 25% (6h)
Above 13.9 mmalL Less than 5% (1h 12min)
Average Glucose 7.8 mmoin

Glucose Management Indicator (GMI)  6.7% o m

Glucose Variability w
Defined as percent coefficient of variation (%CV); target S36%

(C

r—Very High >13

High 10.1- 13.9 mmat

LibreView

} 21% {5 2min)
Target Range 29-100mmoit @ mren)

Low 30-38mmot

tVery Low <30mmoit

2. Glucose metrics:

Mean glucose
Glucose management
Indicator

Glycaemic variability
(s.d./mean)

Time Above Range
'ime In Range

'ime Below Range




Case Study 2: Louise

AMBULATR GLUCOS F‘OFILE [AGP] - . . . . 3: Am bu lato ry Glucose
Profile (AGP):
* Time In Range:
o Targets
O * Time Below Range:

O o When? Patterns?
/0 o How low?

* Time Above Range.



Table 1. Time In Range targets for continuous glucose monitoring (Battelino et al, 2019).

Patient group Target range TIR target TBR target TAR target
(% of readings) (% of readings) (% of readings)
<4% <25%
Type 1 diabetes* 3.9-10.0 @ 70
ype 1 clabe m =/0% (<1% for <3.0 mmol/l) (<5% for >13.9 mmol/L)
1]
Type 2 diabetes  3.9-10.0 mmol/L % <4% <25%
(<1% for <3.0 mmol/L) (<5% for >13.9 mmol/L)
[¥]
Pregnancy 3.5-7.8 mmol/L ;-,-JUO <A <25%
(T1D) (<1% for <3.0 mmol/L)
- . 0 .
Pregnancy 1578 mmall Not spemfl.ed, but cified, but <4% Not specﬁ.led,
(T2D and GDM) =90% achievable 1% tor <3.0 mmol/L) but <5% achievable
Olderhigh-risk 3 5 15 0 mmolL >50% L
(T1D or T2D)

(<10% for >13.9 mmol/L)
*For age <25 years, if aiming for HbAh =58 mmol/mol (7.5%), set TIR targekpmximately 60%.

GDM-=gestational diabetes; T1D=type 1 diabetes; T2D=type 2 diabetes; TAR=Time Above Range; TBR=Time
Below Range; TIR=Time In Range.

Table reproduced from: Millson V, Hammond P (2020) How to analyse CGM data: A structured and practical
approach. Journal of Diabetes Nursing 24: JDN135



Case Study 2: Louise

AHBULATRGLUCOSPOFILE[AGP] - . . . . 4: ReVieW AGP for
each part of the day:

* Overnight.

* Meals: Is glucose
00:00 1220 mmo retu I’ning ({0
/0 baseline after food?

* Physical Activity.



Case Study 2: Louise

AMBULATORY GLUCOSE PROFILE (AGP) 5

: Assess Variability:

* Different activity on
some days?

e Alcohol?

- X
Target Range
A
' 39 S
3.0+
0.0
00:00 12-:00 00:00

,0 * Look atindividual
J, day-to day analysis.



Closing the consultation:
* Highlight the positives
e Summarise main points ITOmyAGP:

* Reinforce one key message.:
o Prioritise addressing hypoglycaemia,
o Next, focus on addressing Time AboveRange.
o Then review variability: Carb counting? Rreéblousing? Exercise? Stress?

* Avoid making changes without a clear pattern. More data may be
needed.



Driving: Group 1 (Cars) AND Group 2 (lorry and bus) Ypdated 7 Nov 2025

e Continuous Glucose Monitoring (CGM)*
or
* Finger prick glucose monitoring

e Carry monitoring equipment at all times

e Check glucose level at least twice a day, even on nan-
driving days

* Check glucose level just before driving and at least every
2 hours during your journey

e Pull over safely before checking glucose
e Keep a finger-prick monitor as backup and to confirm

glucose level if CGM device or sensor isn’t working, or
doesn’t reflect symptoms

e Carry ID showing you have diabetes managed with insulin
in case of an accident

e Don’tdrive if glucose is 4.0mmol/L or below.

e |[f glucose is between 4.0 mmol/L and 5.0mmol/L, eat a
fast-acting carbohydrate snack before driving

e Loy glucose levels while driving;:

o ((Stop the vehicle safely as soon as possible

o Swjitch»ff engine and remove the keys from ignition

o Wakall£ast 45 minutes after glucose levels have return
to at l€as®S.pDmmol/L or above before driving again

e Eat regular meals or snacks and take breaks on long
journeys

* Use an approved CGM device that’s non-adjunctive



2

Driver & Vehicle
Licensing
Agency

A guide to insulin treated
diabetes and driving

Drivers who have any form of diabetes
treated with any insulin preparation must
inform DVLA.

‘e
E§ INVESTORS IN PE%r ‘PLE
vest in people Go

https://tinyurl.com/3kh6eyps



Continuous Subcutaneous Insulin Infusion
(CSl| or ‘Insuli@ump’) for type 1 diabetes

Cannula

Infusion line I
1l

Battery-
operated

pump

Graphic from NHS England leaflet: Making a decision about
managing type 1 diabetes. (2024)

O

CSll/Insulin pumps

o

Battery powered pump delivers
short-acting insulin via

cutaneous cannula.
J inuous background insulin over
24T15Gs

Extra b doses administered as
required for meals and/or correcting
doses.

Can be tethered or ‘patch pump’.



MDI Basal-Bolus Regime

Breakfast Lun Dinner — Glargine (basal)
' . O : — Detemir (basal)

/b; — NPH (basal)
:Bolus Bolus " ("Balus e Bolus (analogue)

A‘ ' Q,

4:00 8:00 12:00 16:00 20:00 24.00 4:00 8:00

Plasma insulin

Graph from Insulin Pumps and Continuous Glucose Monitoring Made Easy, Hussain & Oliver, 2016



Pump basal profile set up for usual circadian rhythm

Q imated hourly basal rate
-R @ d basal

T 20%

or more” ¢
O T10%

I | | i
00:00 04:00 07:00 10:00 1@. QO:OO
Late Early Morning Late morning/ Eve né
night morning afternoon

*Higher needed if marked dawn phenomenon. Lower if
risk of night time hypoglycaemia
" Lower if risk of night time hypoglycaemia

Graph from Insulin Pumps and
Continuous Glucose Monitoring
Made Easy, Hussain & Oliver,
2016



Considerations for primary care:

* [nsulin pens for istiple daily injections back-up is
essential.

* Ketone testing equipmgnt. must always be available.

* Ensure patient knows puimp=specific ‘Sick Day
Rules’.

* MDI dosages should be recordée’jn case needed In
future.

* |[nsurance for insulin pump.



Hybrid Closed Looping for type 1 diabetes

(‘Articiakfyancreas System’)

Automated
Glycaemic
Controller

Graphic from: UK's Association of British Clinical

iabetologist's Diabetes Technology Network
(ABCD-DTN): Best practice guide for hybrid
closed-loop therapy



Hybrid Closed Loop

Insulin pump gonnects to CGM via Bluetooth
Basal insulin a€livery is managed by algorithm,
iInformed by CGM;, ko.keep glucose in range.
Extra bolus doses stitlireed to be administered
as required for meals.

Need to set algorithm for e%€icise (‘ease-off’
mode) or illness/stress (‘boost mode’).



England, Wales & Northern Ireland: Eligibility Criteria for Hybrid Closed
Loop (NICE TA 943, December 2023)

HbA1c of 58 mmol/mol or more, or have disabling hypoglycaemia, despite best
possible management wit¥ allleast 1 of the following:

econtinuous subcutaneous irgsulin infusion (CSlI)

*real-time continuous glucose mao4fitoring

*intermittently scanned continuou®’ gecose monitoring.

*HCL systems are recommended as an‘optian for managing blood glucose levels
In type 1 diabetes for children and young pgople.

*HCL systems are recommended as an option férwignaging blood glucose levels
In type 1 diabetes for women, trans men and non-bi#ary people who are pregnant
or planning to become pregnant.

(Plan for roll-out varies from country to country)



Scotland: Eligibility Criteria for Hybrid Closed Loop (SIGN
170, March 2024)

Closed-loop systems sifquld be available to people with type 1
diabetes (paediatric and @dult) who:

e Under their current diabeteg’ gale plan continue to have suboptimal
glycaemic control, a high risk of Sse¥ere hypoglycaemia, or impaired
awareness of hypoglycaemia.

or

e Experience diabetes-related distress, nfee@gured using a validated
tool, that adversely affects quality of life or their ability to manage
diabetes, and which is likely to be improved by moving to a closed-
loop system.



Considerations for primary care:

* Equipment for muitiole daily injection back-up is
essential.

* MDI dosages should b€ recorded in case needed In
future.

* Ketone testing equipment rayst always be available.

* Ensure patient knows pump-sgedific ‘Sick Day
Rules’.

* |[nsurance for insulin pump.



But not everyone likes

technology... O

O

0,

“Certain inventions in machinery were introduced into the staple manufacturers of the
north, which, greatly reducing the numbers of hands necessary to be employed, threw
thousands out of work, and left them without legitimate means of sustaining life.,.”

WE PETITION NO MORE.

THAT WON'T DO = FIGHTING MUY

LUDDITES

between the Years of 1811 and 1813

TO PUT DOWN

ALL MACHINERY HURTFUL TO

COMMONALITY:

“Misery generates hate; these sufferers hated the machines which they believed took
their bread from them; they hated the buildings which contained those machines;
ney hated the manufacturers who owned those buﬂdings " . Charlotte Bronté, Shirley

CE]L]EB]RATE PEOPLE’S HISTORY

Signed by the General of the Army of Redressers
Ned Ludd, Glerk - Redressers for ever Amen.

peminss Jatwedssny el by Sesmprmmpn s | -




Smart Insulin Pens

O

* Ordinary lookin?i)?/sulin pens




Smart Insulin P%

Log dose, time and dQ,&
of insulin administratior@O )




Smart Insulin Pens

%

Can transfer data tg/@ relink
or Glooko apps. O
Q%
)




Smart pen compatibility

Fiasp O

Levemir* Nov 6 Units 1 to 60 units Blue
Novomix 30 Silver
Novorapid Novope% Half-units | 0.5to 30 units | Teal
Tresiba 100 units/ml | Plus

)\ Red

*RIP late 2026

Compatible with LibreLink and Glooko mobil

)

(Also Medtronic InPen, links with Simplera CGM system. Not available on FP10)



NHS!

Making a decision about
managing type 1 diabetes

What is this leaflet?

This leaflet is for people with type 1 diabetes.

It ean heldp you decide betwean the different technology aveilable to mansge diabateg,
There are same parts for you to fll in.
Tou should go through this leaflet and then talk to your diabeles tearm.

About type 1 diabetes
A summary of the technology available
Which technology am | eligible for?

Helping you think about what is important to you

Measuring glucose

HEERE

- GHHHHH
= 7> N [

Insulin pumps

R Q0 ==

Hybrid closed loop systems

About hybrid closed loop systems F 12

Comparing bybrid closed loop systems F 18

Preparing for your appointment and further information and links

Comparing brands of devices Pages 15 to 18



Data Protection

* Know the Legal Frameworks
CGM data is special category health datzunger UK GDPR and the Data Protection Act 2018.
Common Law Duty of Confidentiality atsa’ggplies.

* Use the Right Lawful Basis
Patient consent must be freely given and withdrawapla” Public task (NHS care provision), Legitimate interest (clinical
management) and Legal obligation (e.g. safeguardingl mupt also be considered.

* Be‘App-Savvy’

Patients must be made aware that CGM platforms (e.g. LibreVig#v, Bexcom Clarity, Glooko) share data via the via
cloud. They should be told who sees their data, and how it’s stoxed amé\shared

Apps and cloud portals must meet NHS Digital Standards

» Keep Data Secure
CGM data must be stored using encrypted systems, with access limited to glithorised personnel.
CGM data should not be stored longer than needed.

* Support Patient Rights
Patients must be able to access their CGM data, request corrections and understand how their data is used.
Clear privacy notices should be used.



Summary:

* CGMis no longera secondary care thing.

* Pump use is only goipng to increase. We need
to increase our familiarity and know how to

keep our patients safe.

e Smart pens are a good option for people who
don’t like technology.
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