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Learning
objectives

HbA1c (Hemoglobin Alc)

Update on technology In
diabetes

« Continuous glucose monitoring devices
update

« Time in range vs HBA1c

» The basics of data interpretation
« The evidence of benefit

« Eligibility

« Connected pens
» Hybrid closed loops
 Further education and resources



“The wave of the future is coming and there is
no fighting it”

Anna Morrow Lindbergh (1906-2001)




MANAGEMENT OF DIABETES

Despite the proven benefits of frequent glucose monitoring, many people with T2DM
do not manage to meet glucose monitoring guidelines!2

10

1 A 64% of people with diabetes fail to
i T adhere to SMBG recommendations?

Mean HbAle 8 ‘;\\"""A\\K Improved
) "‘\A\,X\\ A A glycaemic ) .
iy control People with T2DM are >4x less likely
7 A A ‘ to adhere vs TIDM?
e s g2 OR of adherence =4.2 with TIDM vs
s ] ; I 3 : : ; : T2DM (p=0.018)2

SMBG readings per day

More frequent testing

OR = odds ratio; SMBG = self-monitoring of blood glucose; TIDM = type 1 diabetes mellitus; T2DM = type 2 diabetes mellitus.
1. Schiitt M et al. Exp Clin Endocrinol Diabetes. 2006;114:384-8. 2. Vincze G et al. Diabetes Educ. 2004;30:112-25.



UNMET NEED

Finger pricking causes anxiety and problems with adherence to
glucose testing

30% =24% 1/3
of patients e o0 of patients avoid O of patients
experience finger ~ ~ blood glucose with diabetes
30% - prick anxiety? I testing because [ experience
o0 C\ they don’t like it general anxiety?
~ ) | (or gave no reason)t
|

Increased monitoring frequency leads to improved HbA1lc and glucose management, however, SMBG has limitations?

1. Shlomowitz A, Feher MD. Anxiety associated with self monitoring of capillary blood glucose Br J Diab Vasc Dis 2014;14:60-63. 2. Karter et al. Longitudinal study of new and prevalent use of self
monitoring of blood glucose, August 2006, Diabetes Care, 29 (8) p1737.



Continuous Glucose Monitoring
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« Measure interstitial fluid glucose level using a small
filament which is attached to a sensor on the skin

« Each sensor lasts 10 or 14 days depending on
device

H OW dO th ey * Two general types available:

» Real time continuous glucose monitor, readings
WO rk? automatically sent to device every 1-5 minutes,
no need for scanning
 Intermittently scanned or Flash CGM, when
person scans the device with their smart phone
or device reader
» Freestyle Libre 2 is now a rtCGM unless using a reader

CGM (Continuous Glucose Monitor), rtCGM (Real-Time Continuous Glucose Monitor)



SGBM CGM

Glucose level
&
(]
Glucose level

Time of Day Time of Day

Images are for illustrative purposes only. Not real patient data. Tables are for demonstration purposes only



Transmitter

Blood Glucose V Interstitial Fluid s W

. in the interstitial
fluid
o) o
' (5 ] BG meter measures

- glucose in the blood
o

* Blood glucose and sensor glucose levels (which measure interstitial glucose) are closely related but not
identical.

* The interstitial fluid can lag behind a finger-prick blood glucose reading by 2.4 minutes in adults and 2.1
minutes in children.

* Therefore, in times of rapidly changing blood glucose levels (e.g. after eating or exercise), or when a
person is experiencing hypoglycaemia or is symptomatic of hypoglycaemia, a finger-prick blood glucose
measurement is indicated?

1. Alva S, Bailey T, Brazg R, Budiman ES, Castorino K, Christiansen MP, Forlenza G, Kipnes M, Liljenquist DR, Liu H. Accuracy of a 14-Day Factory-Calibrated Continuous Glucose Monitoring System With Advanced Algorithm in Pediatric and Adult
Population With Diabetes. J Diabetes Sci Technol. 2022 Jan;16(1):70-77. doi: 10.1177/1932296820958754. Epub 2020 Sep 19. 2, Diabetes & Primary Care Vol 25 No 4 2023



Group 1

« These systems may be used for monitoring glucose at times
relevant to driving Group 1 vehicles. Users of these systems must
carry finger prick capillary glucose testing equipment for driving

=" purposes as there are times when a confirmatory finger prick blood
I nte rStltl al glucose level is required.

 If using an interstitial fluid continuous glucose monitoring system
g I u Cose (FGM or RT-CGM), the blood glucose level must be confirmed with a

finger prick blood glucose reading in the following circumstances:

mon |t0 rl N g an d « when the glucose level is 4.0 mmol/L or below

o « when symptoms of hypoglycaemia are being experienced
d Fivin g - when the glucose monitoring system gives a reading that is not
consistent with the symptoms being experienced
(e.g. symptoms of hypoglycaemia and the system reading does
not indicate this)

Group 2

« FGM and RT-CGM interstitial fluid glucose monitoring systems

are not permitted for the purposes of Group 2 driving
and licensing.

o ) ) ] ] FGM (Flash Glucose Monitoring), RT-CGM (Real-Time Continuous Glucose Monitoring).
Assessing fitness to drive: a guide for medical professionals - GOV.UK (www.gov.uk)



https://www.gov.uk/government/publications/assessing-fitness-to-drive-a-guide-for-medical-professionals

- HOME SCREEN

How glucose values are displayed

9:41

My Glucose

GLUCOSE IN RANGE

6.2

)

| 1 min ago

A

mmol/L

7 ADD NOTE

Images are for illustrative purposes only. Not real patient data.
The FreeStyle LibreLink app is only compatible with certain mobile devices and operating systems. Please check the website for more information about device compatibility before using the app.
Use of FreeStyle LibreLink may require registration with LibreView.

Trend arrow
Shows the direction glucose is
heading, along with rate of change

Current glucose reading
Based on the most recently
updated glucose value

8 hour history

Graph of last 8 hours of stored
glucose readings with highlighted
target range

Easily add notes
to record relevant events

Rising quickly

Rising

Changing slowly

Falling

Falling quickly



* Help connect the dots between food, activity, insulin etc. and glucose values

@ 3 ©6Hours 12 24 48\1’

mmol/L
-22.2
s’ -13.9
°* L
e, e®0e°, . ... e see °°
. [ . e ® . e® e ‘e Q =
ee® oo L Tl .o, ... . o C L] o.
e, ] [ 0
o -3.9
-2

— |nsulin

— Events

mmol/L (millimoles per liter).

Images are for illustrative purposes only. Not real patient data.



e 92 year old man

* Type 2 diabetes for 26 years

« On multiple dalily injections of insulin

* Lives with his 90 year old wife, both fiercely

Case StUdy independent, good QoL
Primary care * Family nearby

* Increasing anxiety around both hypo and
hyperglycaemia
« Often seeing practice nurse for reviews,
reassurance

* Now finding SMBG increasingly tricky due to
reduced dexterity leading to more anxiety

Fictional case study QoL (Quality of Life).



« 56 year old lady
* Type 2 diabetes for 10 years
* On MDI insulin

« Can’t get her head around her diabetes
 Struggles with diet and weight

Case Stu dy « Not keen on injecting, been resistant to insulin for a
. long time due to needle phobia
Prl mary care « Can’t bear CBG testing more than once a day

« HBA1lc 86mmol/mol

Fictional case study MDI (Multiple Daily Injections), CBG (Capillary Blood Glucose), HbAlc (Hemoglobin Alc).



Why use It?

« Evidence has demonstrated that using CGM
devices improves glycaemic control, reduces
hypoglycaemia events and improves QoL.

* Improve engagement, self management and a
person’s understanding of their diabetes, their
diet, treatment and the effect of exercise and
stress.

 \WWhat is the evidence of benefit?




Randomized Controlled Trial > JAMA. 2021 Jun 8;325(22):2262-2272.
doi: 10.1001/jama.2021.7444.

Effect of Continuous Glucose Monitoring on
Glycemic Control in Patients With Type 2 Diabetes
Treated With Basal Insulin: A Randomized Clinical

Trial

Martens T, Beck RW, Bailey R, Ruedy KJ, Calhoun P, Peters AL, Pop-Busui R, Philis-Tsimikas A, Bao
S, Umpierrez G, Davis G, Kruger D, Bhargava A, Young L, McGill JB, Aleppo G, Nguyen QT, Orozco
I, Biggs W, Lucas KJ, Polonsky WH, Buse JB, Price D, Bergenstal RM; MOBILE Study Group. Effect
of Continuous Glucose Monitoring on Glycemic Control in Patients With Type 2 Diabetes Treated
With Basal Insulin: A Randomized Clinical Trial. JAMA. 2021 Jun 8;325(22):2262-2272. doi:
10.1001/jama.2021.7444.



Home > Diabetologia > Article

Continuous glucose monitoring in adults
with type 2 diabetes: a systematic review

and meta-analysis

Article | Openaccess | Published: 16 February 2024

(2024) Citethisarticle
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Effects of real time or intermittently
scanned CGM versus SMBG on
glycaemic control

Participants

x L
S8

Adults with type 2 diabetes

Diabetologia

Diabetologia

Results

& d

Randomised Participants
controlled trials n=1248
n=12

\ @&
\ o

Similar reduction in participants
using insulin or oral agents only

Conclusion

Follow-up
median 24 weeks

HbA,.
-3.43 mmol/mol
(95%Cl:-4.75 to

2.11)

TIR +6.36%

(95%Cl: 2.48 10 10.24)
TBR -0.66%
(95%CI:-1.21 10-0.12)
TAR -5.86%

(95%Cl: -10.88 10 -0.84)

CGM use compared to SMBG is associated with improvements in glycaemic control in type 2 diabetes.

Abbreviations: CGM, continuous glucose monitoring; SMBG, self-monitoring of blood glucose; TAR, time above range; TBR, time betow range; TIR, lime in range

Created in Blorender.com

Jancev, M., Vissers, T.A.C.M., Visseren, F.L.J. et al. Continuous glucose monitoring in adults with type 2 diabetes: a systematic review and meta-analysis. Diabetologia (2024). https://doi.org/10.1007/s00125-024-06107-6



Real world evidence

Comparison is made 12 months priorto FreeStyle Libre initiation to 7.5 months post

Hospital admission due to Hyperglycaemia/DKA
(n=1978)

Hospital admission due to Hypoglycaemia
(n=1940)

Paramedic call outs
(n=1952) 275

Severe Hypoglycaemia®
(Nn=1944)

B eerse Post-FSL

o

200 400 600 800 1000 120C

*those events requiring third party assistance

NHS RESOURCE UTILISATION REDUCTION SEEN ACROSS ALL MEASURES ‘

Wilmot EG, Evans M, Barnard-Kelly K, et al Flash glucose monitoring with the FreeStyle Libre 2 compared with self-monitoring of blood glucose in suboptimally controlled type 1 diabetes: the FLASH-UK randomised controlled trial protocol BMJ
Open 2021;11:e050713. doi: 10.1136/bmjopen-2021-050713



Real-word reduction in A1Cin T2D

* Preliminary Real-World Data

Inclusion criteria:;
© 1D

BID insulin

A1C > 69 mmol/mol

Recruited Aug 2022 — Feb 2023

Baseline A1C 3M Follow Up

(n=76) (n=64)

Baseline characteristics:

© N=76 © BMI347

© 38%Female © Duration of diabetes
15 yrs.

© 87% White

Q Mean age 55

6M Follow Up Mean Change
(n=64) @ 6M*

86.4 mmol/mol 69.9 mmol/mol

~10.1% ~8.5%

67.3 mmol/mol 19.1 mmol/mol

~8.3% ~1.8%

* P <0.0001 Elliott et al (unpublished data) Presented at EASD, October 2023. Preliminary analysis - not peer-reviewed

All results obtained with a previous generation Dexcom CGM system and are applicable to Dexcom ONE+ given similar feature sets and better performance and usability.

H

1.8%

(19.1 mmol/mol)

A1C reduction from baseline of

10.1%

(86.4mmol/mol)
at six months

BID (Bis in die, "twice a day").



What is Time in Range?

Time in Range refers to the percentage of time that a person with diabetes spends
within their Target Glucose Range, or above or below that target

Wetucose mmor Estimated Atc 7.9% or 63 mmol/mol
Daily average  00.00  02.00 04.00 06.00 08.00 10.00 12.00 14.00 16.00 18.00 20.00 2200 00.00
104 76 61 60 73 | 115 92 95 | 96 99 | 119 128

Time above Range

’—10.0

Target range

L

Time in Range

10" to 90" percentile |25" to 75" percentile | o—i——— Time below Range

0 H
00.00 02.00 04.00 06.00 08.00 10.00 12.00 14.00 16.00 18.00 20.00 22,00 00.00

CGM-based glycaemic targets must be personalised to meet the needs of each individual,
with specific guidance for Type 1/Type 2, older or high risk patients and in pregnancy?!

Images are for illustrative purposes only. Not real patient data.
1. Battelino T, Danne T, Bergenstal RM, et al. Clinical targets for continuous glucose monitoring data interpretation: recommendations from the international consensus on time in range. Diabetes Care. (2019);42(8):1593-1603.



HBA1c is a 3 month average, very familiar reading, used in all
guidelines

HBA1c correlates closely to risk of complications, especially
retinopathy

HBA1c can be affected by a number of factors eg anaemia

sing TiR alongside HBA1c can give us a better insight
>




Glycaemic variability & ‘Time in Range’

120% ~

100% -
24%
Oo -
. 18%
12am 12pm 12am

8
N

)
R

8
Ny

Time-in-Range

20% A

0% - — s
MeanBG 154 mg/dL 154 mg/dL 154 mg/dL

A1C 53mmol/mol  53mmol/mol 53mmol/mol

"~ >10mmol/L [] 3.9-10mmol/L H . 9mmol/L

» Glycaemic variability = degree by which glucose levels fluctuate
between high and low
 Independent risk factor for diabetes complications and a predictor of hypoglycaemia

Danne et al. Diabetes Care. 2017; 40: 1631-1640
Vigersky. Journal of Diabetes. 2019 ;11: 23-31



So what TiR is best?

* In 2019, a international Consensus on Time In Range targets was set
« Commonly the glucose target range is set between 3.9 and 10 mmol/I.

» Evidence shows that if 70% or more time is spent in this range, less than 4%
below 3.9, and as little time as possible above 10mmol/l, diabetes-reduced
complications are minimised.

* S0 In most people, aiming for 70% TIR is appropriate

« Flash or CGM apps can easily calculate a TIR from their data - usually based on
a 14 day period of time

Tadej Battelino et al. Dia Care 2019;42:1593-1603



Estimate of HbAlc for a given TIR level

Data from randomised clinical trials involving adults with Type 1 diabetes or Type 2 diabetes have
shown that TIR is correlated with laboratory-measured HbAlc.

1
ANALYSIS BY BECK ET AL  ANALYSIS BY VIGERSKY ET AL2 THE RELATIONSHIP BETWEEN TIR AND HbAlc
TIR HbAlc CORRELATE % (mmol/mol) | HbAlc CORRELATE % (mmol/mol)
— 80
90% 6.0 (42) 5.1 (32) ey
80% 6.5 (48) 5.9 (41) g w &
) 3
70% 7.0 (53) 6.7 (50) 3 3 8
60% 7.4 (57) 7.5 (58) N
. 30
50% 7.9 (63) 8.3 (67) N Lo
40% 8.4 (68) 9.0 (75) O 20 40 60 8 100
%Time in Range
30% 89 (74) 98 (84) 3.9-10 mmoIIL(70-1809mgIdL)
20% 9.4 (79) 10.6 (92)

Key insights
» Thereis an inverse correlation — as TIR increases, HbA1c decreases
» Although highly correlated, a wide range of HbA1c values

can be associated with a specific TIR and vice versa

Every 5% (~1 hour 12 mins per day) increase in Time in Range
is associated with clinically significant benefits3

* Correlations of %TIR with HbA1c for target glucose range 3.9-10 mmol/L (70-180 mg/dL). Analysis by Beck et al is based on data in T1D, analysis by Vigersky & McMahon includes data in T1D and T2D
1. Beck RW, et al. J Diabetes Sci Technol. 2019; 13:614-626. 2. Vigersky RA and McMahon C. Diabetes Technol Ther. 2018; 21:81-85. 3. Battelino T, et al. Diabetes Care. (2019);42(8):1593-1603.



Type 17 & Type 2
¥ Diabeteg

>250 mg/dL o
(13,9 mmotL) | <5%

>180 mg/dL
(10.0 mmoliL)

Target Range:
70-180 mg/dL >70%
(3.9-10.0 mmollL)
<70 mg/dL (3.9 mmol/L) <4%**
<54 mg/dL (3.0 mmol/L) <1%

Older/High-Risk:
Type 1 & Type 2
Diabetes

Target
>250 mg/dL
(13.9 mmollL) -<1 0%

>180 mg/dL

(10.0 mmoliL) <50%*

Target Range:
70-180 mg/dL "
(3.9-10.0 mmol/L) >50%
<70 mg/dL (3.9 mmol/L) A%

Pregnancy:
Type 1

DiabetesT

Target

>140 mg/dL

<259
(7.8 mmol/L) %

Target Range:
63-140 mg/dL
(3.5-7.8 mmol/L)

>70%

<63 mg/dL (3.5 mmoliL)
<54 mg/dL (3.0 mmol/L)

<4%"
<1%

o For age <25 yr., if the A1C goal is 7.5%, then set TIR target to approximately 60%. (See Clinical Applications of
Time in Ranges section in the text for additional information regarding target goal setting in pediatric management.)
1 Percentages of time in ranges are based on limited evidence. More research is needed.

§ Percentages of time in ranges have not been included because there is very limited evidence in this area. More
research is needed. Please see Pregnancy section in text for more considerations on targets for these groups.

* Includes percentage of values >250 mg/dL (13.9 mmol/L).

**Includes percentage of values <54 mg/dL (3.0 mmol/L).

Tadej Battelino et al. Dia Care 2019;42:1593-1603

CGM-based TIR targets for different diabetes populations

Pregnancy:
Gestational & Type 2
Diabetes$

>140 mg/dL
(7.8 mmollL)

Target Range:
63-140 mg/dL
(3.5-7.8 mmoliL)

<63 mg/dL (3.5 mmol/L)
<54 mg/dL (3.0 mmol/L)




Improved TIR is associated with reduced risk of long-term
complications of diabetes

Reduced risk
Every 10% increase in TIR

CIMT thickness? Microalbuminuria? Retinopathy?

6.4%

CIMT = carotid intima-media thickness; TIR = Time in Range.

1. Lu J, et al. Diabetes Technol Ther. 2020 Feb;22:72-78. 2. Beck RW et al. Diabetes Care. 2019;42(3):400-405. 3. Lu J et al. Diabetes Care 2018;41:2370-2376.4. Li F, et al.
Diabetes Res Clin Pract. 2020 Aug;166:108289. doi: 10.1016/j.diabres.2020.108289.



TiR predicts outcome events in both T1D and T2D

A All-cause mortality B Cardiovascular mortality
100+ — TIR > 85% 100 — TIR >85%
— TIR 71-85% — TIR 71-85%
TIR 51-70% TIR 51-70%

— TIR £50% — TIR £50%

95

Frequency of Retinopathy

3 98-
Frequency of development of retinopathy % il
o 967
60% - 58% 2 &
E
50% - © oo 94
40% A 5%
757 927
30% - 22j; 0o 2 4 6 8 10 12 1 ' i 6 8 10 12
Years of follow-up Years of follow-up
20% -
0 10%~"
10% - 5% — 3% __ 8%_--_ b
0% . - Lu et al Diabetes Care AOP 2020 https://doi.org/10.2337/dc20-1862
b _
0\ 0\0". o\’ o\’ o\o - oo" o\e
S I:\Q S8 ng ,50 . S8
& & ¥ & F 9

Percent Time in Range 3.9-10mmol/L

Beck RW et al. Diabetes Care. 2019; 42:400-405



What about QoL benefits?
Qualitative study from Ohio, US

i 2

In-depth, semi-structured > 21 years old diagnosed no prior
interviews were conducted with T2D > 6 experience

with 34 adults with T2D who months ago with CGM
had been using CGM for 3-6
months as part of a larger
community project in Ohio.

Polonsky, WH. A Qualitative Investigation of the Behavioral Links Between RT-CGM use and Glycemic Benefit in Adults with T2D. Abstract #535 Presented at the ATTD Congress, Florence, Italy, March 2024.




Making the Invisible Visible

It was really easy to ignore my diabetes [before CGM] because | didn’t
feel bad at all. | didn’t even notice it, so | wouldn’t care much about my
sugar. Now, it’s easier to keep track of my diabetes and do something
about it.

Participant 5

With CGM, you really have a full view of what your day

Is looking like. It takes the mystery and some of the anxiety
out of having diabetes... the known is so much better than
the unknown.

Participant 33

You really don’t know the effect everything is having [on your glucose
levels] until you see it up close and in real-time. Before CGM, | was just
guessing. | had somewhat of an idea, but | didn’t really know for sure
what different foods did... CGM has brought so much insight into what
different foods do to my system.

Participant 22 “\\ \

°

"

Polonsky, WH. A Qualitative Investigation of the Behavioral Links Between RT-CGM use and Glycemic Benefit in Adults with T2D. Abstract #535 Presented at the ATTD Congress, Florence, Italy, March 2024.




Ok — so talk me through interpreting the data?

* Simplest option i
« Just look at the app or reader
» Daily graphs — look at the patterns just as you would CBC
readings
* Note hypo and hyperglycaemia, note consistent patterns,
post prandial excursions W
* The app for the device will also calculate the Time
In Range

« Remember aiming for >70%, more relaxed in frailty, high
risk individuals. Set realistic targets to improve TIR.




Daily graphs examples

LAST 24 HOURS
TIME IN TARGET LAST SCAN AVERAGE
27 a5 7.9 mmol/L 8.2 mmol/L LAST 24 HOURS

TIME IN TARGET LAST SCAN AVERAGE

: 76 20:17 6.8rnt'nol,-l

el
* 21
15
18
R
E 15
’
(S)
3 12
S|

9
Mon | Tue @

3pm fpm 9pm Llam Jam 6Gam am pm




Next step in interpretation - the AGP report

Internationally agreed standard for summarising the wealth of data in a visually impactful
format

AGP Report LibreView

July 7, 2022 - July 20, 2022 (14 das)

— GLUGDSE STATISTICS AND TARGETS —
1. Glucose statistics B T 2, Time in Ranges
and Targets IF‘E e
. ment Indicator (GMI) 6.7% E Vw: Lt:w' i : ; \:::‘ 1
3. Ambulatory Glucose
Profile (AGP)

F— DAILY GLUCOSE PROFILES —

ﬂ PM " \fz ML»W 4. Daily Glucose Profiles
A ]

1. Bergenstal RM, et al. Diabetes Technol Ther. 2013; 15: 198-211. 2. Battelino T, et al. Diabetes Care 2019; 42:1593-1603 do0i:10.2337/dci19-0028.



Key visual features of the AGP

GLUCOSE
VARIABILITY

Examine how ——

glucose levels vary
throughout the day

HYPOGLYCAEMIA
Uncover trends to
low glucose

HYPERGLYCAEMIA

Identify when
patients are above
their target glucose
range

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

AMBULATORY GLUCOSE PROFILE (AGP)

21.0 mmol/L 4

\

13.9-

95%

10.0 75%
(_ ~—o \_ 50%
Target Range 25%
\ 5%
3.9
3.0
0.0-
00:00 03:00 06:00 09:00 12:00 15:00 18:00 21:00 00:00

AGP goal: Flat, Narrow, In Range

Images are for illustrative purposes only. Not real patient data.
AGP = ambulatory glucose profile. * The AGP requires a minimum of 5 days of glucose data to generate reports and can use a maximum of 90 days of data.

1. Bergenstal RM, et al. Diabetes Technol Ther. 2013; 15: 198-211.




USING THE DAILY GLUCOSE PROFILES

|dentify glucose variability at specific times or days

A way for you and your patients to see specific daily glucose activity, which could help identify
causes for deviations from Time In Range

DAILY GLUCOSE PROFILES

Each daily profile represents a midnight to midnight period with the date displayed in the upper left corner.

Saturday Sunday Monday Tuesday Wednesday Thursday Friday

Z
<
4\
<
N\
<
\
<
3

o

o Pwﬁwwwx_ AN NS

12am 12pm 12am 12pm 12am 12pm 12am 12pm 12am 12pm 12am 12pm 12am 12pm 12am

10.0—\~_/\A//\JJ\N\/\/-\~JV VO %\ f\/\/\‘_vjj\\’\,\w#""fk,\r\l\_/\\,,

3.94

Use these daily glucose values profiles to help guide your patients through a clinical

and engaging dialogue

Images are for illustrative purposes only. Not actual patient data.



Using software
platforms to look
at data remotely

* Need to ensure that appropriate data
sharing agreements in place

* Need to ensure that the person / carer
understands that the data will not be
accessed beyond the time of their review
le acting upon their glucose readings
remains their own responsibility




NICE guideline update March 2022

Offer intermittently scanned continuous glucose monitoring (isCGM,
commonly referred to as 'flash') to adults with type 2 diabetes on multiple
daily insulin injections if any of the following apply:

e they have recurrent hypoglycaemia or severe hypoglycaemia
¢ they have impaired hypoglycaemia awareness

e they have a condition or disability (including a learning disability or cognitive impairment)
that means they cannot self-monitor their blood glucose by capillary blood glucose
monitoring but could use an isCGM device (or have it scanned for them)

¢ they would otherwise be advised to self-measure at least 8 times a day.

Offer isCGM to adults with insulin-treated type 2 diabetes who would
otherwise need help from a care worker or healthcare professional to
monitor their blood glucose.

Consider real-time continuous glucose monitoring (rtCGM) as an
alternative to isCGM for adults with insulin-treated type 2 diabetes if it is
available for the same or lower cost.

https://www.nice.org.uk/guidance/ng28/chapter/recommendations#continuous-glucose-monitoring NICE (National Institute for Health and Care Excellence).



Health Technology Wales 2021

* The evidence supports the routine adoption of Freestyle Libre flash glucose

monitoring to guide blood glucose regulation in people with diabetes who
require treatment with insulin.

* The use of Freestyle Libre flash glucose monitoring in these people improves the

proportion of time that the blood glucose is in target range and reduces time In
hypo and hyperglycaemia.

« Health economic modelling indicates that the use of Freestyle Libre flash glucose
monitoring is a cost effective intervention compared to finger-prick self monitoring
of blood glucose with incremental cost effectiveness ratios (ICERs) of £4,706 and
£13,137 per QALY for type 1 and type 2 diabetes, respectively.

Health technology Wales report: https://healthtechnology.wales/wp-content/uploads/2022/07/HTW-Annual-Report-2021.pdf



Nursing home settings

Draft Wales Guideline

lGuidelines / Pathway for Flash Glucose Monitoring (is€CGM) for individuals living in
residential / nursing home or who require support with insulin administration.

Project roll Qut

'?\:gsc?rl'lore insulin injections a day Egﬁ:?nzulin injection COm pete nCy framework and WOFkbOOk
More than 1 hypoglycaemic eventin a 7-
day period . .
. Blood glucose monitoring and
subcutaneous insulin administration
Diob7e‘res Version 2, November 2022
ONTHEMNETS
iﬂ:ﬂgﬂ:-‘\"“rﬁ-‘i"g This framework and workbook are for use with health care workers, healthcare
assistants, support workers, other non-regulated health and care roles, and allied
Embedding flash glucose monitoring technology health professionals.

within neighbourhood nursing teams

Gregory S, Curtis K (2022) Embedding flash glucose monitoring technology within neighbourhood nursing teams. Journal of Diabetes Nursing 26: JDN235
Competency framework and workbook: Blood glucose monitoring and subcutaneous insulin administration — Trend Diabetes



https://trenddiabetes.online/portfolio/competency-framework-and-workbook-blood-glucose-monitoring-and-subcutaneous-insulin-administration/

How TO INITIATE AND SUPPORT CONTINUOUS GLUCOSE MONITORING

What information/data does CGM provide?

® Current interstitial glucose level (A).

® Trend arrows show the direction glucose is heacking
and the rate of change (B).

® Daily patterns (C).

® Low-glucose evenis ().

& Tirme spent in the Larget slm.‘(‘:az range Tire in llangz {TIR) —
see Box 20

= Increasing TIR reduces the risk of micrevascular

CONTINUOUS GLUCOSE MONITORING, DEVICES, EDITOR'S PICK, FLASH GLUCOSE o I

MONITORING, FREESTYLE LIBRE, HOW TO... SERIES o ey st pofle .
= For mane information, see Cuwick guide: interpreting COM oty

How to initiate and support continuous glucose QI

Glucose trend arrow meanings

# Increasing quickly (0.1 mmel/Linin
A Increasing showdy 1006-0.11 mmal/Liming
¥ Stable (0086 mmol/Lmin)

8 Decreasing showly (0.06—0011 mamol/Liming

o ¥ Diecreasing quickly (0.1 mmol/L/min|

monitoring - E@‘n pici]

Nicola Milne - R
12 Oct 2022 Vol:24 | No:05 Page: 138

Box 2. Time in Range (TIR) Data review: Top tips

Overall goal itype 1 and 2 diabetes): ® Respect the person's data and avoid negative language:

Aim for >70% of the day with e o o i the iles] worels in comudiatinns.

Tirme I Range (3.9-10.0 mmol L) ® For data interpretation, see Quick guide: Interprering COM data
Priority 1: ® Commen areas causing variability andior reduced TIR incluce:
Minimsse Time Below Range (3.9 mmol/L) = Limited sensar glucose data finsufficient isCOM scanning).
Fliﬂ!’itr > » Unsuitable TIR targets.

Then minimise Time Above Range (>10.0 mmol /L) * Inappropriate alarmialert settings.

* Incorrect timing of insulin,
= Incormect dose of insuin.

Blaod glucnse Target » Unader-reacting to glucese bevels.
e (percenlage of day): . o e e
=139 mmol/L <5% = Crverireating hypoglycasmia.

10.0 mmol/L <25% = Poor injection technigue o include injecting into areas of
B %

How to initiate and support continuous glucose monitoring - Wpolnpertophy

® For information of appropriaie insulin management,

. see The Six Stegs to Inslin Saiely e-Learning module.
DiabetesontheNet o Fo o o ppopdate biecton e

3.9-10.0 mmol/L 70 wisit logection Technique Matlers
Resources
=3.9 mmolL =A% For healthcare professionals: Manuilaclurers” resources:
<30 ol L =<1% & Diabetes technobogy Metwork » Abbott FreeStde Liboe
® Leicesier [Nabeies Centref ® Dexpom DNE
Nul_e: Other l.n_gqu_ls are reoommended EDEN: impfemme - oG
in cases of frailly or pregnancy C s Saning in Pri Cilueootly AIDES
® Glucohben Dy
Care -Learning -

Diabefes & Primary Care Val 24 8o § 3002 (L]



https://diabetesonthenet.com/diabetes-primary-care/how-to-cgm/

Home » DTN-UK » Education

DTN-UK Education Implementing Glucose Sensing in Primary Care (glucose-

Providing education to health care professionals as well as people with diabetes to help them H
make the best use of diabetes technology sensing.com )

Educational Resources for people living with diabetes

Healthcare Professional Education

The educational platform
for diabetes technology, certified by the
Association of British Clinical Diabetologists.

The ABCD Diabetes Technology Network


https://www.glucose-sensing.com/

What are ‘smart’ connected pens?

Reusable pen injectors that can be synced to a smart device (smart phone, tablet, computer) and can allow
people living with diabetes and HCPs to view insulin dosing information alongside their glucose information,
which may help improve diabetes management

Connectivity
Records insulin dosing Dose log (time and dose) with 800 events®,
information and data transfer via NFC Partners with compatible diabetes apps
Automatic recording of injection Patients can transfer insulin dosing information to a
diabetes app and share it with their HCP

time and injected units

I

|

Dose memory
Last insulin dose and time since dose

Dose counter

Please refer to individual product Lifespan
guides for further information Up to 5 years lifetime with no battery exchange or recharge

“Events refers to administered insulin doses and insulin flow tests.
The NovoPen® 6 and NovoPen Echo® Plus correspond to the NovoPen® 5 and NovoPen Echo®, respectively, with the additional functionality of connectivity. Therefore, users of the NovoPen® 5 and NovoPen Echo® can also use the
Network: HCP, healthcare professional; NEC, near field communication. NovoPen® 6 user guide; NovoPen Echo® Plus user guide.

NovoPen® 6 and NovoPen Echo® Plus. DTN, Diabetes Technolo




This graph is an adaptation

Real-world evidence on efficacy of connected insulin
pens in people with T1D

One-arm, prospective, observational,
proof-of-concept trial WE

TIR TAR TBR Level 1 TBR Level 2
3.9-10.0 mmol/L >10.0 mmol/L 3.0-<3.9 mmol/L <3.0 mmol/L

Aim:

To investigate effect of connected
insulin pens on insulin regimen and
glycaemic management in people with
T1D using CGM in a real-world setting

Adults with T1D using CGM devices
(n=94)

8.5%*
[3.7;13.3]

12 diabetes clinics in Sweden

Pen/CGM user and HCP reviewed
data together at clinic visits

Baseline

3.1% 2.1%
-6.2%* —

[-11.5;-1.0] -0.7% .

[-1.6;0.2] —1.5%%*
[-2.5;-0.5]
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Connected insulin pen use
within basal-bolus regimen

Bolus only: n=64
Basal only: n=5
Basal-bolus: n=17

*p<0.05; Graph shows estimated mean difference in time spent in glycaemic ranges, as hours per day and proportion per day, with 95% CI. Analysis is based on CGM data from a 14-day interval after each visit (>70% coverage).
CGM, continuous glucose monitoring; Cl, confidence interval; HCP, healthcare professional; RWE, real-world evidence; TAR, time above range; TBR, time below range; TIR, time in range.
Adolfsson P et al. Diabetes Technol Ther 2020;22:709-18.



Merging data from connected insulin pens and CGM

Detection of missed bolus doses
J
©
E
£
Ly ¢
(&)
=)
O .
5- Target glycaemic range
T T T T
00:00 06:00 12:00 18:00 00:00
R on-time dose Missed bolus dose
S5 57 ® ®
a
g v
\\\N c 3- () “AWindow for bolus injection
/ = with meal
(7]
@ £ 27
w0
2 1 §/ S
D \ \
0 T T T T
00:00 06:00 12:00 18:00 00:00

CGM, continuous glucose monitoring; HCP, healthcare professional.
Adapted from: Adolfsson P et al. Diabetes Technol Ther 2020;22:709-18.

Data from CGM plus connected
insulin pens allows the
user/HCP to see the effects

of dosing behaviour (in this
case a missed bolus dose)

on blood glucose



Hybrid Closed Loops

« An HCL system, also known as an “artificial pancreas” or Automated Insulin Delivery (AID)
system, refers to the use of an insulin pump that is “looped” with an algorithm that
continuously takes data from a continuous glucose monitoring (CGM) device to make and
communicate decisions on insulin dosing to maintain glucose levels within the target range.

Continuous
| Glucose Sensof_

* There are three elements to the HCL system:
« Areal-time CGM device.
« An insulin pump that houses a reservoir for rapid-acting insulin.

» A computerised algorithm, held either on the pump itself or on a smartphone
uses data from the CGM device to regulate insulin delivery via the pump.

Diabetes & Primary Care Vol 26 No 1 2024




Hybrid closed loop systems for managing blood glucose
levels in type 1 diabetes

Technology appraisal guidance \ TA943 \ Published: 19 December 2023

Hybrid closed loop (HCL) systems are recommended as an option for managing blood
glucose levels in type 1 diabetes for adults who have an HbAlc of 58 mmol/mol (7.5%)
or more, or have disabling hypoglycaemia, despite best possible management with at
least 1 of the following:

e continuous subcutaneous insulin infusion (CSII)
» real-time continuous glucose monitoring

¢ intermittently scanned continuous glucose monitoring.

HCL systems are only recommended if they are procured at a cost-effective price
agreed by the companies and NHS England, and implemented following NHS England's

implementation plan.

1 Recommendations | Hybrid closed loop systems for managing blood glucose levels in type 1 diabetes | Guidance | NICE



https://www.nice.org.uk/guidance/ta943/chapter/1-Recommendations

HCP
Resources

Hybrid Closed Loop (HCL) Systems Comparison Chart*

Diabetes Specialist

Dishates Speialist

Medtronic Tandem Advanced Therapeutics Ypsomed Insulet**
HEL algorithm SmartGuard Cantrol I CamAPS FX g“:rirp':;{‘; lpowered bymyiife oo ngic
Location of algorithm Pumg-integrated Pump-integrated App based [Android) App based |Android) Pod-integrated
Pump Medtrenic 780g T-=limn X2 DAMA-i mylife YpsoPump Omnipod 5
Pump type Tethered (tubed) Tethered [tubed) Tethered (tubed) Tethered (tubed) Patch [tubeless)
Continuous glucose meonitor (CGM) Guardian 4 [no calibration) Dexcom G& Dexcom G& Dexcom G, Freestyle Libre 3 Dexcom G&
Controd & bolus delivery operation Pump Pump Android smartphone Android smartphone Omnipod 5 Contraller
Pump charging mechanism AA battery Rechargeable AAA battery ALA battery g:::;gl\:'i:zi;::g:&e
Target glucose fdiﬁfullt%f gj? AmElL 6.25-8.9 mmal/L Fd'-\';:m?g;e izl [‘:‘:f‘:ﬂf;;’:e TR 6.1, 6.7, 7.2, 7.8 or .3 mmolfL
Exercise mode target glucose 8.3 mmols{L 7.8-8.3 mmal/L Mo specific target. Ease off mode Mo specific target. Ease off mode 8.2 mmol/L & delivery of less
can be used for exercise can be used for exercise insulin
Sleep mode target glucase Mo 6.25-6.7 mmals/L Customisable glucose target can be | Customisable glucose target canbe | Customisable glucose tanget or

adjusted overnight

adjusted overnight

exercise feature (see above)

Bolus calculator based on

CGM value, glucose trend data and
bolus caloulator settings

CGM value only with bolus
calculater settings

CGM value only with bolus
caloulator settings

CGM value only with bolus
caloulator settings

CGEM value, glucose trend data and
bolus calculator settings

Automated correction bolus settings

If predictive glucose > 6.7 mmols/L
and if max basal rate is reached

If predicted glucose in 30 mins =10
mmols,/L & increasing/max delivery
is reached

Incorporated into continuous
insulin delivery. Adjusts insulin
delivery every 8-12 minutes

Incorporated into continuous
insulin delivery. Adjusts insulin
delivery every 8-12 minutes

Automated micro-boluses every 5
mins. Plus user initiated correction
bolus

Active insulin time Adjustable Mot adjustable [set at 5 hrs) Adjustable Adjustable Adjustable
Set up reguirements B_\asal rates, ICR, I5F & active insulin  |TDD, body weight, basal rates, ICR TDD & body weight TDD & body weight E:asal rates, |CR, I5F & active insulin
time & |5F 5 time:
Uses TDD over past 2-6 days. . H 5 5 - . F - (Adapts with each pod using
Leaming mechanisms et T e T e Uses body weight & TDD. Predicts | Overall insulin needs, diurnal, post | Owerall insulin needs, diurnal, post previous TDDs. Predicts glucose 60

to learn user profile

Elucose 30 mins ahead

meal.

meal

mins ahead

Remaote monitoring for parents)
carers

Glucose and insulin data via
Carelink Connect app

Glucose data via Dexcom follow
app-

Glucose data via Dexcom follow
app

Glucose and insulin data via
‘companion’ in mylife Cam@PS FX
app

Glucose data via Dexcom Follow
app

Data share with HCPs

Carelink (via app in real-time)

Glooke ([download needed)

Glooko [real-tima]

Glooke [real-time)

Glooko [real-time)

Minimum and maximum daily dose

8-250 units per day

10-100 units per day

5-350 units

5-350 units

Ilin 5 units per day
i 85 units to activate pod

Pump capacity

300 units

300 units

300 units

160 units

200 units

Insulin compatibility

MovoRapid & Humaleg

MovoRapid & Humalog

Arvy rapid and ultra rapid acting

MovoRapid, Humalog, Fiasp, Apidra
& Lyumijev

MovoRapid, Humalog & Admelog

Licensed in pregnancy Mo Mo Yes Yes Mo
Age Range 7-B0years 6 years & over 1 years & over 1 years & ower 2 years & over
Demo pump appsimulator Yes Yes ? Yes Yes

Adapted for health care professionals from Tem Street's Hybrid closed loop systems: Wersion 2.0 April 2023

* Aunidability of systems will be dependent on agreement with NHS England wark, led by Prof Parths Kar  **expected mid 2023

DSN Forum (diabetesspecialistnurseforumuk.co.uk)

IR = insulin carbohydrate ratio
TOD —total daily dose efinsulin
I5F = insulin sensitivity factor



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

Diabetes Care

Evidence of benefit
Hybrid Closed-Loop Therapy in Adults With Type 1 Diabetes

and Above-Target HbA,_: A Real-world Observational Study
Methods Key Results

% with Diabetes Distress
(DDS=3)

Inclusion

Improved
TIR

Pump therapy
p 6-month follow-up

© ©

69.2%>22.8%

FreeStyle Libre

HbA,_ >8.5% Pragmatic real
world design

l Reduction in HbA,, @
p Outcomes -1.7%

Any commercially
available HCL in

the U.K.

oy
o
-

Increased numbers meeting

@/ recognized glucose and HbA,,
targets
TIR Gold Score
TBR Acute Events — &
AQ‘B N DTN[JUK

® N=520 TAR User Opinion
"""""""""""""""""""""" collaborate . evolve + support

DDS, Diabetes Distress Scale; GMI, glucose management indicator; HCL, hybrid closed loop; TAR, time above range; TBR

HbA,, Weight
GMI DDS Score

31 centers

time below range: TIR. time in ranqae.

Crabtree TSJ, Griffin TP, Yap YW, Narendran P, Gallen G, Furlong N, Cranston I, Chakera A, Philbey C, Karamat MA, Saraf S, Kamaruddin S, Gurnell E, Chapman A, Hussain S, Elliott J, Leelarathna L, Ryder REJ, Hammond P, Lumb A
Choudhary P, Wilmot EG; ABCD Closed-Loop Audit Contributors. Hybrid Closed-Loop Therapy in Adults With Type 1 Diabetes and Above-Target HbAlc: A Real-world Observational Study. Diabetes Care. 2023 Oct 1;46(10):1831-

1838. doi: 10.2337/dc23-0635. PMID: 37566697; PMCID: PMC10516256.



Perfect answer for all?

 Amazing step forward for many but plenty of challenges
* Resource and workforce needed for roll out

Training

Cost

Equality of access

Not right solution for all — manage expectation

 What do | need to know Iin primary care?

At a glance factzhest

Hybrid closed-loop therapy

In December 2023, NICE publizhed the TA943 guidance, which |

ut. ions for use of hybrid closed-loop (HCL) systems

in the management of type 1 diahetes, with 3 5-year rollout plan.’ Even with maderate adaption rates, NICE anticipates that over
57000 peaple with type 1 diabetes will end up accessing this technology. Although the treatment and care of peaple using HCL

5y specialist
This factzheet explains what HCL syet

y teams,
and utlines what pr

 care that are useful far primary eare clinicians to knew.

¥ meed to know lo support their use.

What are HCL systems and how do they work?
An HEL syscem, also known a5 an “arificial pancreas” or

Delivery (AID) syssean, reers o the use
afan insulin pumgs that is “loaped” with an algacithm thae

Automared Ins

cantinuonwly takes dsta from 1 continuous glucoss manitoring
{EGM) device t make and communicate decisions on insulin
dasing o msintsin glicose kovels within the targer zange.

There are three elements ro the HCL system:

1. A seal-time CGM device.

2. An insulin pump that houses a reserveir for rapid-acting
insulin.

3. A compuerised algorichm, held eicher en the pump itself or
on 2 smartphone app, that contimuously uses data fram she
COM device o regulate insulin delivery via the pump.

CGM devices for HCL systems
The CGM device measures interstitial ghacose every

es (see Ho
and transmits data by Buctoosh to the ins
‘management algorithen on cither the pump ar the smartphon
The algorithm autaregulases pulsed insulin deliveey from the
insulin pump, constansly adjusting in respansc e CGM data.
The sange of CGM devices used in HCL systems i diffesent to and
benader than thase available-on an FP'L0 prescsipeion in primary
care. Usually, the OGM will be supplicd from specialise centres.
These CGM devices are the Guardian 4 {aso knawn 23 Medironic
G, Diexcom G, Descarn 7 and FreeStyle Libee

the SN Forum CGM Comparison Chas

Insulin pumps
There are a variety of insulin pumps available. All contain 2
reservoir of rapid-acting insulin that can be delivered both
continuously in a steady “basal” state and by "balus” when
resquiredd around meal tirmes and sacks. All pumps have

apps or controls that allow the wser to adjust insulin delivery

when neededl.

Broadly, chere are twa different types of pumps:

1. Patch (or subeless) purmps: These are smal, disposable
devices with an in-built cannula, They can be worn an the
uppes arm, lawer abdomen ar upper auter thigh and require
changing every three days. Examples inchude the Omnigod 5.

Diabetes & Primary Care Vol 26 No 1 2024

2. Tethered insulin pumps These can be attached .3 belt
oc kept in  pockee and deliver insulin via 1 shors infiusion
set. Both the infusion cannula and insulin seservoir
sexuie changing every few days. Examples inchude the
Medizunic 780G, the Tandem tslim X2, the YjsoPumg:
and the Dana .

HCL systems used in the NHS

There are 2 range of differenr HCL conteal algorithms
arailable in the NHS. These inchide Medsranic SmartGuard.,
Tandem Contsal 1), CamAPS FX and Insuler Smarcidjuse.
Only one system, the CamAPS FX, is approved for use

in pregnancy.

A DSN Forum Comparison Chart for the HCL systems can be
Functionality of HCL systems

Nore that HCLs are mot fully autemated sysems; users il
need 1 embrace the cechnology and work with it, 2 there is
need for active management. Every time users eat or drink,
they will need to tell the system hon mach earbohydzate

they consumed. Users also need to change the settings on the
system approsimately 1 hour prior ta exercise, i proteet them
from hypoglycaemia daring activiry.

“The whole system requires regular maintenance, with cannula
and insulin reservoir changes every 23 days. Despite this

for many uses, aceess o insulin pump or HCL technology
reduces dizberes bueden and can be life-transforming,

« Ensure all necessary items on repeat, including insulin pens as well as vials,

ketone and glucose strips
* Hypos normally resolve quickly, need less of a correction
 Plenty of resources to support us

At a glance factsheet: Hybrid closed-loop therapy - DiabetesontheNet



https://diabetesonthenet.com/diabetes-primary-care/factsheet-hybrid-closed-loop-therapy/

Conclusions

« Technology is increasingly available to people living with diabetes,
revolutionising treatment

« Evidence of improvements in glycaemic control, reduction in
hypoglycaemia and increased QoL

* Promote self management and engagement

* Time in range Is a useful measurement alongside HBalc, gives an insight
Into glucose variability

« As always, training and resource implications as well as inequalities In
access need to be considered and suitable pathways designed.







