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* Why activity & exercise is important

* The key guidelines papers

« Guiding principles and starting algorithms
e Having a go!

 CGM and exercise

« Use the good stuff and reference — don't re-invent!
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DH (2011) recommendations?
Sport England interpretation

E. Final recommendations on physical activity guidelines for Children and Young
People

Recommendation 1 The UK guidelines on physical activity for children and young people
should include a recommendation for physical activity m general, an
overall puideline.

Recommendation ! The UK guidelines on physical activity for children and young people
should recommend “daily physical activity™.

Recommendation 3  The UK gmdelines on physical activity for children and young pecple
should recommend at least 60 minutes of moderate to vigorous  Table 3. The percentage of children meeting

physical activity (MVPA) daily. previous physical activity guidelines
Recommendation 4 The UK gmdelines for cluldren and young people should include a _
specific recommendation for vigorous activity (26-7 METS) on at Country Boys Girls
least 3 days a week.
England (aged 2-19) 32% 24%

Recommendation for supperting commeniary
The commentary which accompanies the guidelines should indicate Northern Ireland 19% 10%
that vigorous intensity activity will form part of the daily 60 minute (Years 8-12)

recommendation for children and young people.
Wales (aged 4-15) 63% 45%
Recommendation 3 The UK gmdelines on physical activity for children and young pecple
should recommend physical activity for the promotion of | Scofland (aged 2-15) 6% 67%

musculoskeletal health and flexibility at least 3 days per week.


https://www.gov.uk/government/publications/uk-physical-activity-guidelines
https://www.sportengland.org/media/388152/dh_128210.pdf

Two meta-
analysis show
0.5% HbA1c
improvement

Quirk ET AL., (2014)
Diabet Med J Br Diabet
Assoc 31:1163-1173

Kennedy A et al (2013)
PLoS One 8:58861
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Activity tactics

60 mins moderate activity a day, try three 20 minutes:
"Opens a side door to muscle cells to let more glucose in"

10 mins of moderate activity after meals:

QGets insulin to the muscles faster to speed up its actiony

Low to moderate intensity activity:
walking, playing in the playground, jogging, shopping
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Type 1. Type 2. Type 3:

What are the different
modalities/types of Aerobic / Intermittent/  Anaerobic / Short-
exercise? Continuous Mixed sharp
Examples of those
activites
What usually happens to
BG during?
What metabolic changes
cause this ?
Management
Options?
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Exercise types

Aerobic Mixed Anaerobic
Anaerobic
activity
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Aerobic / Continuous

Exercise

Low to moderate intensity activity: walking, playing in the playground, jogging, shopping
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Plasma glucose (mg/dL)
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@ Glucose uptake rises during exercise
@ Endogenous glucose production in controls rises during exercise
@ Plasma insulin decreases during

@ Plasma glucose level stays constant

NHS

Birmingham Women'’s
and Children’s

NHS Foundation Trust

Glucose Rd (rate of disposal, mg/Kg/min)
Q-H’. @

i

Exercise < AT |
-30 0 30 60 20

Time (min)

Endogenous glucose production
(mg/Kg/min)

a f@
o 0"-"".‘*.@

I Exercise < AT |
-30 ] 30 60 90

Time (min)

©0¢ TIDM

Plasma insulin is constant due to exogenous insulin administration

Plasma insulin rises due to release of residual injected insulin in tissue

@ Endogenous glucose production in TIDM is inadequate
@ Glucose uptake may rise more than controls (excess insulin)

Plasma glucose levels may decrease

Galasetti & Riddle (2013) Exercise and Type 1 Diabetes (T1DM): Compr Physiol 3:1309-1336, 2013.



Anaerobic / Short Sharp

Exercise

Very high intensity activity:
sprinting, jJumping, lifting weights, martial arts & gymnastics
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Healthy subjects T1DM subjects
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Galasetti & Riddle (2013) Exercise and Type 1 Diabetes (T1DM): Compr Physiol 3:1309-1336, 2013.




Mixed / Intermittent

Exercise

Glucose
Trend T1D:

or

Lots of high intensity with little
low intensity bursts, glucose is
more likely to increase: Judo,
sprint training, competitive
football & netball, competition
dancing, gymnastics.

Lots of low intensity with little
high intensity bursts, glucose is
more likely to decrease: school
P.E recreational football &
netball, bike riding, trampoline.



Insulin reductions

Before exercise
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Quick recap — After

Exercise

Change in GIR (mg/kg/min)

1500

If exercise more than 30 minutes, options:
1. Reduce bolus by 50% (+/- 25%)

2. Reduce basal for 6 hours 20% (+/- 10%)
3. Small low Gl carbs 0.4g/kg (+/- 0.2g/kg)

%,

Table 4  General insulin therapy and carbohydrate recommendations for exercise in children and adolescents with type 1 diabetes

Type of therapy

Type/intensity of exercise
Duration 30-45 min

Type/intensity of exercise
Duration >45 min

MDI/CSII: mealtime
bolus insulin dose
reduction

MDI: basal insulin®

CSlI: basal insulin rate

-25% for mild aerobic

-50% for moderate aerobic

-50% for intense aerobic

-25% for mixed aerobic/anaerobic

Up to -50% post exercise

-20% for evening/late afternoon
exercise

Up to -50% 90 min pre exercise
Insulin pump suspension (<60 min)

-20% for post-exercise night time®

-50% for mild aerobic

-75% for moderate aerobic

-75% for intense aerobic

-50% for mixed aerobic/anaerobic
Up to -50% post exercise

-20% for evening/late afternoon
exercise

-30 to -50% for all-day/unusual
activities®

Up to -80% 90 min pre exercise
Insulin pump suspension (<60 min)

-20% for post-exercise night time®

General CHO intake®

10-15 g CHO depending on IOB and
sensor glucose level

1.5 g CHO per kg BW/h for intense
exercise (regular 10B)

0.25 g CHO per kg BW/h for intense
exercise (less |IOB)

0.4 g CHO/kg BW pre-bed snack for
evening/late afternoon exercise

10-15 g CHO depending on IOB and
sensor glucose level

1.5 g CHO per kg BW/h for intense
and/or long-lasting exercise (regular
10B)

0.25 g CHO per kg BW/h for intense
exercise (less I0B)

0.4 g CHO/kg BW pre-bed snack for
evening/late afternoon exercise

Moser et al 2020.
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After Exercise

Effect of exercise on blood glucose after activity




Possible ‘Post exercise whip® 0 - 60minutes

Anaerobic HIIT Sprint finish

With thanks to Francesca Annan RD

* Adrenaline, Cortisol, Glucagon = Glucose Counter-regulatory
“Glucose release & insulin Hormones: Effect on Fat and
resistance” Muscle Cells
{_ Glucose V
AI“E"‘"" Increased glucose

 Anaerobic or hard intermittent

q u l;élmd stream 3

g
A

» High lactate + Cori Cori cycle

« Disconnected pump
* Options:
- 50% correction dose

- Effective warm down


https://uk.linkedin.com/in/francesca-annan-40a16645

Algorithm o

Before exercise

During exercise

After exercise

Meal insulin

Basal insulin

Carbs

Maximum of two options

Within 90mins of

More than 90

If exercise is

If exercise is more than
90mins since meal insulin.

See carbs chart for

glucose level and trend

Basal insulin pump

Low Gl carbs no
insulin before bed.

Mixed

Anaerobic

Went low first

-30% for 6 hrs

Exercise type Plan execution X minutes before | within 90mins X arrows. Capped at 60kg | Meal insulin [(MDI: Basal insulin| Capped at 60kg to
exercise . . .| Change basal 90mins before X s . ’
exercise of meal insulin (MDI) dur to 1g/min max if in evening) prevent excessive
glucose absorption intake
Went low first o o o -30% for 6 hrs
time 75% No change No change 75% (No change) 75% (-30%) 0.6g/kg
Aerobic St::': :‘g -50% No change No change -50% (No change) 0.5g/kg/hr -50% -20,(6_;?);5 hrs 0.4g/kg

-509 _50Y _7E0,
time 50% No change No change 50% (No change) 75% (-30%) 0.6g/kg
St:;: :‘ng -25% No change No change -25% (No change) 0.3g/kg/hr -50% -209(6_;3;66) WL 0.4g/kg

Went low first

-20% for 6 hrs

-259 _9)50 _EN9°
time 25% No change No change 25% (No change) 50% (-20%) 0.4g/kg
Starting No change -10% for 6 hrs
plan No change No change No change (No change) 0.0g/kg/hr 25% (-10%) 0.2g/kg




Algorithm o

17 year old boy
50kg on MDI(Lantus 20u)
Weights16:30 for 60 mins
Last meal 13:00
100g carbs after (1u:10g)

Before
During

After

Before exercise

During exercise

After exercise

Meal insulin Basal insulin Carbs Maximum of two options
Low Gl carl
L See carbs chart for - ° G ca. bs
.. |If exercise is more than Basal insulin no insulin
If exercise is o glucose level and
e . More than 90 L 90mins since meal pump before bed.
. .| Within 90mins | . within . . trend arrows. Meal
Exercise type|Plan execution . minutes before ) insulin. Change basal . . (MDI: Basal |Capped at 60kg
of exercise X 90mins of X Capped at 60kg dur | insulin R Lo
exercise . . 90mins before R insulin if in to prevent
meal insulin to 1g/min max . .
(MDI) . evening) excessive
glucose absorption X
intake
Went low first -30% for 6 hrs
-759 _750 _7E0,
time 75% No change | No change 75% (No change) 75% (-30%) 0.6g/kg
Aerobic St;;: :1ng -50% No change |[Nochange| -50% (No change) 0.5g/kg/hr -50% 20’(6;8;; L] 0.4g/kg

Mixed

Anaerobic

Went low first eno Mo o -30% for 6 hrs
time 50% No change | No change 50% (No change) 75% (-30%) 0.6g/kg
St:;: :‘ng -25% No change |Nochange| -25% (No change) 0.3g/kg/hr -50% -209(‘_;3;66) L= 0.4g/kg

Went low first o o o -20% for 6 hrs
time 25% No change | No change 25% (No change) 50% (-20%) 0.4g/kg

Starting No change -10% for 6 hrs
- No change No change | No change (No change) 0.0g/kg/hr 25% (~10%) 0.2g/kg




Algorithm

17 year old boy
50kg on MDI(Lantus 20u)
Weights16:30 for 60 mins
Last meal 13:00
100g carbs after (1u:10g)

Before
No change

During
No carbs

After

-25% = 7.5 units

10g low Gl before bed
OR

Lantus 18units (-10%)

Before exercise

During exercise

After exercise

Went low first
time

-50%

No change

No change

-50% (No change)

Meal insulin Basal insulin Carbs Maximum of two options
Low Gl carl
L See carbs chart for - ° G ca. bs
.. |If exercise is more than Basal insulin no insulin
If exercise is o glucose level and
e . More than 90 L 90mins since meal pump before bed.
. .| Within 90mins | . within . . trend arrows. Meal
Exercise type|Plan execution . minutes before ) insulin. Change basal . . (MDI: Basal |Capped at 60kg
of exercise X 90mins of X Capped at 60kg dur | insulin R Lo
exercise . . 90mins before R insulin if in to prevent
meal insulin to 1g/min max . .
(MDI) . evening) excessive
glucose absorption X
intake
Went low first -30% for 6 hrs
-759 _750 _7E0,
time 75% No change | No change 75% (No change) 75% (-30%) 0.6g/kg
Aerobic St;;: :1ng -50% No change |[Nochange| -50% (No change) 0.5g/kg/hr -50% 20’(6;8;; L] 0.4g/kg

-75%

-30% for 6 hrs

(-30%) 0.6g/kg

Mixed

Starting
plan

-25%

No change

No change

-25% (No change)

0.3g/kg/hr

-50%

-20% for 6 hrs

(~20%) 0.4g/kg

Anaerobic

0 7209
Wentilow first -25% No change | No change -25% (No change) -50% 20{‘1:‘:"‘;&? frs
Starting No change No change | No change OEEE 0.0g/kg/hr -25% gl 0.2g/kg

plan

(No change)

(-10%)



Algorithm o

12 year old girl -

40kg on Pump

Football 09:00 for 60 mins
Breakfast 08:00

60g (1u:109)

No meal until 13:00

Before

During

After

Before exercise

During exercise

After exercise

Went low first

Meal insulin Basal insulin Carbs Maximum of two options
Low Gl carl
L See carbs chart for - ° G ca. bs
.. |If exercise is more than Basal insulin no insulin
If exercise is o glucose level and
e . More than 90 L 90mins since meal pump before bed.
. .| Within 90mins | . within . . trend arrows. Meal
Exercise type|Plan execution . minutes before ) insulin. Change basal . . (MDI: Basal |Capped at 60kg
of exercise X 90mins of X Capped at 60kg dur | insulin R Lo
exercise . . 90mins before R insulin if in to prevent
meal insulin to 1g/min max . .
(MDI) . evening) excessive
glucose absorption X
intake
Went low first -30% for 6 hrs
-759 _750 _7E0,
time 75% No change | No change 75% (No change) 75% (-30%) 0.6g/kg
Aerobic St;;: :1ng -50% No change |[Nochange| -50% (No change) 0.5g/kg/hr -50% 20’(6;8;; L] 0.4g/kg

-30% for 6 hrs

Mixed

-509 _509 )
time 50% No change | No change 50% (No change) 75% (-30%) 0.6g/kg
St:;: :‘ng -25% No change |Nochange| -25% (No change) 0.3g/kg/hr -50% -209(‘_;3;66) L= 0.4g/kg

Anaerobic

Went low first o o o -20% for 6 hrs
time 25% No change | No change 25% (No change) 50% (-20%) 0.4g/kg

Starting No change -10% for 6 hrs
- No change No change | No change (No change) 0.0g/kg/hr 25% (~10%) 0.2g/kg




Algorithm o

12 year old girl -

40kg on Pump

Football 09:00 for 60 mins
Breakfast 08:00

60g (1u:109)

No meal until 13:00

Before
-25% (4.5units)

During
12g (0.3*40)

After
-20% basal for 6 hrs

Before exercise

During exercise

After exercise

Went low first

Meal insulin Basal insulin Carbs Maximum of two options
Low Gl carl
L See carbs chart for - ° G ca. bs
.. |If exercise is more than Basal insulin no insulin
If exercise is o glucose level and
e . More than 90 L 90mins since meal pump before bed.
. .| Within 90mins | . within . . trend arrows. Meal
Exercise type|Plan execution . minutes before ) insulin. Change basal . . (MDI: Basal |Capped at 60kg
of exercise X 90mins of X Capped at 60kg dur | insulin R Lo
exercise . . 90mins before R insulin if in to prevent
meal insulin to 1g/min max . .
(MDI) . evening) excessive
glucose absorption X
intake
Went low first -30% for 6 hrs
-759 _750 _7E0,
time 75% No change | No change 75% (No change) 75% (-30%) 0.6g/kg
Aerobic St;;: :1ng -50% No change |[Nochange| -50% (No change) 0.5g/kg/hr -50% 20’(6;8;; L] 0.4g/kg

-30% for 6 hrs

Mixed

. -50% No change | No change -50% (No change) -75% (200 0.6g/kg
St:;: :‘ng -25% No change |Nochange| -25% (No change) 0.3g/kg/hr -50% -209(‘_;3;66) L= 0.4g/kg

Anaerobic

Went low first o o o -20% for 6 hrs
time 25% No change | No change 25% (No change) 50% (-20%) 0.4g/kg

Starting No change -10% for 6 hrs
- No change No change | No change (No change) 0.0g/kg/hr 25% (~10%) 0.2g/kg




Algorithm o

15 year old girl-

50kg on pump

Jogging 16:30 for 60 mins
no meal before

50g after (1u:209)

Before

During

After

Before exercise

During exercise

After exercise

Mixed

Anaerobic

Went low first

Meal insulin Basal insulin Carbs Maximum of two options
Low Gl carl
L See carbs chart for - ° G ca. bs
.. |If exercise is more than Basal insulin no insulin
If exercise is o glucose level and
e . More than 90 L 90mins since meal pump before bed.
. .| Within 90mins | . within . . trend arrows. Meal
Exercise type|Plan execution . minutes before ) insulin. Change basal . . (MDI: Basal |Capped at 60kg
of exercise X 90mins of X Capped at 60kg dur | insulin R Lo
exercise . . 90mins before R insulin if in to prevent
meal insulin to 1g/min max . .
(MDI) . evening) excessive
glucose absorption X
intake
Went low first -30% for 6 hrs
-759 _750 _7E0,
time 75% No change | No change 75% (No change) 75% (-30%) 0.6g/kg
Aerobic St;;: :1ng -50% No change |[Nochange| -50% (No change) 0.5g/kg/hr -50% 20’(6;8;; L] 0.4g/kg

-30% for 6 hrs

-509 _509 )
time 50% No change | No change 50% (No change) 75% (-30%) 0.6g/kg
St:;: :‘ng -25% No change |Nochange| -25% (No change) 0.3g/kg/hr -50% -209(‘_;3;66) L= 0.4g/kg

Went low first o o o -20% for 6 hrs
time 25% No change | No change 25% (No change) 50% (-20%) 0.4g/kg

Starting No change -10% for 6 hrs
- No change No change | No change (No change) 0.0g/kg/hr 25% (~10%) 0.2g/kg




Algorithm o

After exercise

15 year old girl-

50kg on pump

Jogging 16:30 for 60 mins
no meal before

50g after (1u:209)

Before
-50% basal 15:00

During
259 (0.5*50)

After

-50% bolus (1.25 units)
20g low Gl before bed
OR

-20% basal 6 hours

Before exercise

During exercise

Mixed

Went low first

Meal insulin Basal insulin Carbs Maximum of two options
Low Gl carl
L See carbs chart for - ° G ca. bs
.. |If exercise is more than Basal insulin no insulin
If exercise is o glucose level and
e . More than 90 L 90mins since meal pump before bed.
. .| Within 90mins | . within . . trend arrows. Meal
Exercise type|Plan execution . minutes before ) insulin. Change basal . . (MDI: Basal |Capped at 60kg
of exercise X 90mins of X Capped at 60kg dur | insulin R Lo
exercise . . 90mins before R insulin if in to prevent
meal insulin to 1g/min max . .
(MDI) . evening) excessive
glucose absorption X
intake
Went low first -30% for 6 hrs
0y 0, 0,
. -75% No change | No change -75% (No change) -75% (.209%) 0.6g/kg
Aerobic St;;: :1ng -50% No change |[Nochange| -50% (No change) 0.5g/kg/hr -50% 20’(6;8;; L] 0.4g/kg

-30% for 6 hrs

-509 _509 )
time 50% No change | No change 50% (No change) 75% (-30%) 0.6g/kg
St:;: :‘ng -25% No change |Nochange| -25% (No change) 0.3g/kg/hr -50% -209(‘_;3;66) L= 0.4g/kg

Went low first o o o -20% for 6 hrs
time 25% No change | No change 25% (No change) 50% (-20%) 0.4g/kg

Starting No change -10% for 6 hrs
- No change No change | No change (No change) 0.0g/kg/hr 25% (~10%) 0.2g/kg

_




Algorithm o

15 year old girl-

50kg on pump

Jogging 16:30 for 60 mins
no meal before

50g after (1u:209)

Went low during
Went High after

Before

During

After

Before exercise

During exercise

After exercise

Went low first

Meal insulin Basal insulin Carbs Maximum of two options
Low Gl carl
L See carbs chart for - ° G ca. bs
.. |If exercise is more than Basal insulin no insulin
If exercise is o glucose level and
e . More than 90 L 90mins since meal pump before bed.
. .| Within 90mins | . within . . trend arrows. Meal
Exercise type|Plan execution . minutes before ) insulin. Change basal . . (MDI: Basal |Capped at 60kg
of exercise X 90mins of X Capped at 60kg dur | insulin R Lo
exercise . . 90mins before R insulin if in to prevent
meal insulin to 1g/min max . .
(MDI) . evening) excessive
glucose absorption X
intake
Went low first -30% for 6 hrs
-759 _750 _7E0,
time 75% No change | No change 75% (No change) 75% (-30%) 0.6g/kg
Aerobic St;;: :1ng -50% No change |[Nochange| -50% (No change) 0.5g/kg/hr -50% 20’(6;8;; L] 0.4g/kg

-30% for 6 hrs

Mixed

-509 _509 )
time 50% No change | No change 50% (No change) 75% (-30%) 0.6g/kg
St:;: :‘ng -25% No change |Nochange| -25% (No change) 0.3g/kg/hr -50% -209(‘_;3;66) L= 0.4g/kg

Went low first o o o -20% for 6 hrs
time 25% No change | No change 25% (No change) 50% (-20%) 0.4g/kg

Starting No change -10% for 6 hrs
- No change No change | No change (No change) 0.0g/kg/hr 25% (~10%) 0.2g/kg

_




Algorithm

15 year old girl-
50kg on pump

Jogging 16:30 for 60 mins

no meal before
50g after (1u:209)

Went low during
Went High after

Before
-75% basal at 15:00

During
259 (0.5*50)

After

-25% bolus (1.8 units)
10g low Gl before bed
OR

-10% basal 6 hours

Before exercise

During exercise

After exercise

Meal insulin Basal insulin Carbs Maximum of two options
L See carbs chart for - Low .GI ca.rbs
.. |If exercise is more than Basal insulin no insulin
If exercise is o glucose level and
e . More than 90 L 90mins since meal pump before bed.
. .| Within 90mins | . within ) ) trend arrows. Meal
Exercise type|Plan execution . minutes before ) insulin. Change basal . . (MDI: Basal |Capped at 60kg
of exercise X 90mins of X Capped at 60kg dur | insulin R Lo
exercise L 90mins before . insulin if in to prevent
meal insulin to 1g/min max . .
(MDI) . evening) excessive
glucose absorption X
intake
ent low first o o o -30% for 6 hrs
time 75% No change | No change 75% (No change) 75% (-30%) 0.6g/kg
Aerobic St;;: :1ng -50% No change |Nochange | -50% (No change) 0.5g/kg/hr -50% -203,6;:;: hrs 0.4g/kg
Went low first o o o -30% for 6 hrs
time 50% No change | No change 50% (No change) 75% (-30%) 0.6g/kg
Mixed St:;: :‘ng -25% No change |Nochange| -25% (No change) 0.3g/kg/hr -50% -209(‘_;3;66) L= 0.4g/kg
‘ Went low first o o o -20% for 6 hrs
time 25% No change | No change 25% (No change) 50% (-20%) 0.4g/kg
Starting No change No change | No change OEEE 0.0g/kg/hr -25% gl 0.2g/kg
Anaerobic plan (No change) (-10%)




BWC Calculator




CGM _ it's
the future!




What do the arrows

mean?

Trend Trend Where the blood
Arrow Arrow glucose is now
Receiver APP Description {10 minutes ahead)
' ' Rapidly rising >2.0mmol/l higher
Rising 1.5mmol/I higher

Slowly rising

1mmol/l higher

-2 Jy»

OOO00Q0LC

Stable Same
Slowly falling 1 mmol/l lower
Falling 1.5mmol/l lower
“ Rapidly Falling >2 0mmol/l lower

~

Abbott Devices
Senseonics Devices

4

Dexcom Devices >

L
i
%

Medtronic Devices®

2
a2

Increase >1.7 mmol/|
(30 mg/dl)
Increase 0.8-1.7 mmol/|
(15-30 mg/dl)
Increase/decrease <0.8 mmol/I
(15 mg/dl)
Decrease 0.8-1.7 mmol/|
(15-30 mg/dl)
Decrease >1.7 mmol/|
(30 mg/dl)
Increase >2.5 mmol/|
(45 mg/dl)
Increase 1.7-2.5 mmol/|
(30-45 mg/dI)
Increase 0.8-1.7 mmol/|
(15-30 mg/dl)
Increase/decrease <0.8 mmol/I
(15 mg/dl)
Decrease 0.8-1.7 mmol/I
(15-30 mg/dl)
Decrease 1.7-2.5 mmol/I
(30-45 mg/dl)
Decrease >2.5 mmol/|
(45 mg/dl)
Increase >2.5 mmol/|
(45 mg/dI)
Increase 1.7-2.5 mmol/|
(30-45 mg/dl)
Increase 0.8-1.7 mmol/I
(15-30 mg/dl)
Increase/decrease <0.8 mmol/I
(15 mg/dl)
Decrease 0.8-1.7 mmol/|
(15-30 mg/dl)
Decrease 1.7-2.5 mmol/|
(30-45 mg/dl)
Decrease >2.5 mmol/|
(45 mg/dl)

1,




sing activity to lower

glucose - DynamicGM

DynamicGM: Short bouts of activity to make meal time
insulin work faster

How quickly insulin takes glucose from the blood into the muscle cells is determined by
the amount of blood supplied to the muscles.

e The more blood supplied, the quicker the insulin moves glucose from the blood
to the muscle cells. This prevents glucose spiking after eating

¢ The less blood supplied, the slower insulin moves glucose from the blood to the
muscle cells. It is more likely the glucose will spike after eating.

Glucose

Blood Moving Fast Jblnsu"n Blood Moving Slow

! 1® 8

Exercising Relaxing

) e o
¥ M M

oS,
oS,
o>
o

https://screencast-o-matic.com/watch/cYf3iBA6gY

DynamicGM: Using short burst of activity to prevent glucose spikes

Practical tip: use short bouts of activity if your glucose level is spiking 1-2 hours after eating

Dexcom sensor How many minutes
Trend arrow L.
glucose Levels of activity

8.0 - 10.0 mmol/I c

Q

10

15

10.0- 14.0 7l
mmo 15

20

25

30

More than 14.0 mmol/I 15

20

25

QO OOCOQLCD

30

O

@ .o -

D



https://screencast-o-matic.com/watch/cYf3iBA6qY

Moser et al 2020

Normal lag time: 5 minutes
Exercise lag time: 12-24mins

Sensors and meters measure glucose in different places

Meter

ANV

{ Glucose

. Insulin

Skin

Interstitial
space

Blood
stream




Moser et al 2020

Study Exercise Intensity Device Type MARD % (85% Cl) Weight (%)

Abbott !
Aberer et al (2017a) [35] Moderate agrobic Abhott Freestyle Libre 1 IsCGM -':— 8.70 [-2.88, 20.26] 277
Giani et al (2018) [36] Intense (an)aerobic Abbott Freestyle Libre 1 1sCGM —_— 15.40 [-13.02, 43 82] 0.58
Moser at al (2019) [24] Moderate aerobic Abbott Freestyle Libre 1 1sCGM |- 29.80 [17.26, 42.34] 245
Moser et al (2019) [25] Moderate aerobic Abbeott Freestyle Liore 1 isCGM :"' 22,00 [13.08, 30.94] 3.99

- 19.62 [9.69, 28.55]

1
Dexcom :
Aberer et al (2017b) [35] Moderate aerobic Dexcom G4 Platinum CGM —_—r 15,70 F12.92, 44 32] 0.57
Eally et al (2016a) [37] Moderate aerobic + sprints Dexcomn G4 Platinum cGMm o 13.60 [8.11,19.09] 6.70
Bally et al {2016k} [37] Moderate aerobic + sprints Dexcom G4 Platinum ceM * 13.30 [8.99, 17 81] 7.96
Breton et al (2017) [29] Moderate aerobic (alpine skiing) Dexcom G4 CGM - 18.80 [2.93, 34.57] 1.64
Larose et al {2019) [16] Moderate aerobic Dexcom G4 Platinum CGM = 16.80 [7.78, 25.82] 394
Li et al (2019} [27] Intense (an)aerobic [circuit-based exercise)  Dexcom G4 Platinum CGM 4:'* 17.80 [-2.98, 38.58] 1.03
Steineck et al (2019z) [17] Moderate aerobic Dexcom G4 Platinum CGM —_— 16.50 [-11.92, 44 92] 058
Steineck et al (2019b) [17] Moderate aerobic Dexcom G4 Platinum CGM —_— 16.20 |-12.83, 43.23] 0.59
Taleb et al (2018a) [28] Moderate aerobic Dexcom G4 Platinum CGM :— 18.50 [-12.19, 48.19] 0.50
Taleb et al (2016b) [28] Intense (an)aerokic (interval training) Dexcom G4 Platinum ceM —_— 17.70 [-12.27, 47 67) 052
Zaharieva et al (2019) [22] Moderate aerobic Dexcom G4 or G5 CGM '+' 12.80 [3.30, 22.50] 3.62

+ 1412 [11.256, 16.98]

1
Medtronic !
Aberer el al (2017¢) [35] Moderate aerobic Medtronic Minimed 640G ceM 4:_7 1940 [-7.08, 45 88) 0.66
Biagi et al (2018a) [33] Moderate aerobic Medtronic Enlite 2 CGM - 16.50 [7.52, 25.48] 397
Biagi et al (2018b) [33] Intense (an)aerobic Medtronic Enlite 2 CGM -Ih' 16.80 [7.43, 26.17] 375
Gomez etal (2015a) [30] Moderate aerobic Medtronic Paradigm Enlite  CGM b i 18.30  [4.19, 32.41) 202
Gomez el al {2015b) [30] Moderate aerobic Medtronic Paradigm Enlite  CGM —= 17.40 [-0.44, 35.24] 1.36
Jayawardene et al (2017a) [31]  Intense (an)aerobic Medtronic Guardian 3 CGM q 10.50 [7.58, 13.44] 949
Jayawardene et al (20170} [31]  Moderate aerobic Medtronic Guardian 3 cGm | 880 [678,1304] 89.28
Moser el al (2018a) [18] Mild aerobic Medironic Guardian foleil] —t— 1880 [862 4822 058
Moser et al (2016b) [18] Moderate aerobic Medtronic Guardian CGM —':— 12.80 [-3.27, 28.87] 1.63
Moser el al (2016c) [18] Intense (an)aerobic Medtronic Guardian CGM —t— 2370 [2.53, 44 87] 1.00
Moser et al (2016d) [18] Mild aercbic (interval training) Medtronic Guardian ceM —f-— 16.90 [0.94, 34.74] 1.36
Moser et al (20168) [18] Moderate serobic (interval training) Medtronic Guardian CGM i a— 26.50 [-8.00, 81.00] 040
Moser et al (2016) [18] Intense (an)aerobic (interval training) Medtronic Guardian jelcil] — 15.50 [-5.67, 36 67] 1.00
Mosar et al (2019a) [34] Moderate aerobic Medtronic Enlite 2 CGM : 27.00 [-28.07, 82 07] 0.16
Moser et al (2019b) [34] Moderate aerobic Medtronic Enlite 2 CGM —_— 16.40 [-13.20, 46.00] 0.53
Taleb el al {2016¢) [26] Woderate asrobic Medlronic Paradigm Enlile  CBM B 19.90 (1109, 5179 046
Taleb et al {2018d) [28] Intense (anjaerobic (interval training) Medtronic Paradigm Enlite  CGM - 1270 [-0.94, 26.34] 214
Zaharieva et al (2017a) [32] Moderate aerobic Medtronic Enlite 2 CcGM [ ] 12.00 [11.78, 12.24] 11.38
Zaharieva el al (2017b) [32) Moderate aerobic (circuil-based exercise) Medtronic Enlite 2 CGM .: 6.96 [6.84, 7.08] 11.40

L 1.74  [8.30, 14.17]

1
Overall + 13.63 [11.41, 15.84]

-50 0 50 100

MARD (%)



Be ware of rapidly

moving glucose!

11.1
""" 10.0
8.9
7.8
6.7
5.6

4.4
———————————————————— 3.9

Blood Glucose
Sensor Glucose

Glucose Level (mg/dL)
(71/1oww) |9Aa7 8soon|H

80 100

ol

Time (min)

Moser at al (2020)



Hypoglycaemia risk

Assessment of exercise experience Assessment of risk of hypoglycaemia
Q: How often are you performing Ex per week? Assessment of awareness of hypoglycaemia
(Ex defined as 245 min per session) (e.g. Gold Score, Clark Score)
Low/moderate risk m m High risk of
of hypoglycaemia & L hypoglycaemia
AND/OR
" High risk of
V2 v V4 SH last 6 months }:D hypoglycaemia
[None (Ex 0) ] [ 1-2 (Ex 1) ] [ >2 (Ex 2) ] AND/OR
Assessment of TBR
by CGM/isCGM
TBR 4-8% TBR >8%

v V

Moderately In
exercising e

TBR <4%
of Moderate risk o

emia  hypoglycaemia

Moser at al (2020)



Carbohydrate just before &

during exercise

20 minutes before

Pre-exercise sensor glucose for Trend
different groups in T1ID arrow
Ex2 Ex1 Ex0
and/or and/or anfi/or Direction
low moderate high
hypo risk hypo risk hypo risk

Consider insulin

Increase in sensor
glucose expected

Consider insulin

Decrease in sensor
glucose expected

Pre-exercise sensor glucose for
different groups in T1D

Ex 2
and/or
low
hypo risk

Ex1
and/or

moderate

hypo risk

Ex 0
and/or
high
hypo risk

Direction

Consider insulin

Every 15-20 minutes during

Trend
arrow
Increase in sensor
glucose expected

Consider insulin

Decrease in sensor
glucose expected

A correction?, correction?,
" " Can start AE Can start all Ex
i o B el
- 2> correction?, Can start all Ex
Can start AE
€ Can start all Ex
10.1-15.0 11.1-15.0 12.1-15.0 A Can start AE Can start all Ex
mmol/| mmol/I mmol/I >
(181-270 (199-270  (217-270 Can start all Ex
me/di) mg/dl)  me/dl) a
anr
7.0-10.0 8.0-11.0 9.0-12.0 Can start all Ex
mmol/I mmol/I mmol/I >
(126-180 (145-198 (162-216 ~5g CHO ~10 g CHO
me/dl) me/dI) mg/dl) aw (02 g/kg), (0.3 g/ke),
Can start all Ex Can start all Ex
~5 g CHO
A Can start all Ex (0.2 g/kg),
Can start all Ex
5.0-6.9 50-7.9 50-8.9 “HE0H Az R
mmol/I mmol/I mmol/| = (0.2 g/k), (0.3 g/ke),
(90-125 (90-144 (90-161 Can start all Ex Can start all Ex
mg/dl) mg/dl) mg/dl ~10 g CHO ~15 g CHO
(0.3 g/kg), (0.4 g/kg),
Delay all Ex® Delay all Ex®
¢ Individual amount CHO ingestion,
Delay all Ex®

Moser at al (2020)

L) correction®, correction®,
Can start AE Can start all Ex
PAED mtwal/l (B0, Consider insulin
AND <1.5 mmol/l blood ketones > T, & sereal B
Can start AE
av Can start all Ex
10.1-15.0  11.1-15.0 12.1-15.0 an Can start AE Can start all Ex
mmol/| mmol/I mmol/| >
(181270  (199-270  (217-270 Can start all Ex
mg/dI) mg/dI) mg/d) a
an
7.0-10.0 8.0-11.0 9.0-12.0 Can start all Ex
mmol/I mmol/I mmol/I >
(126-180  (145-198  (162-216 ~5 g CHO ~10 g CHO
mg/dl) mg/dl) mg/dl) | (0.2 g/kg), (0.3 g/ke),
Can start all Ex Can start all Ex
~5 g CHO
r L) Can start all Ex (0.2 g/kg),
Can start all Ex
5.0-6.9 5079  5.0-89 ELD YA
mmol/I mmol/| mmol/I > (02 g/kg), (03 g/ke),
(90-125  (90-144 (90161 canlzta":::'c'f" canlzta"z:'éb‘
mg/dl mg/dl mg/dl ~10¢g “15g
g g/l ¢ 3 (03 g/ke), (0.4 ¢/ke),
Delay all Ex° Delay all EX°
¥ Individual amount CHO ingestion,
b
Delay all Ex
(R, [ANES. 3 [P [\ S F A | I U SR R § N MR A0 1 5% V-SRI S [ . U SUN U [ R PR E— .

Moser at al (2020)



10 questions

1.What's your name? 2.What activity are you doing 3.Are you using an insulin pump
and what time are you doing it?  or multiple daily injections?
John Pemberton Rowing 12:00 Insulin pump J
4.How many minutes before ~ 5.How many minutes are you 6. What is your weight in
exercise are you eating and exercising for? kilograms (kg)?
giving insulin?
180 45 95

7. What is your exercise hypoglycaemia risk?

Low (All of: 1. Exercise more than 2 times a week, 2. TBR less than 4%, 3. Hypo aware J
8. What type of activity are 9. What glucose units 10.What glucose & ketone level
you doing (see pictures)? does your device use? should stop exercise for you?

Mixed J mmoI/Lj 214 .0mmol/L (250mg/dL) & =0.6mmol/L J



Algorithm o

Before exercise During exercise After exercise
Carbohydrate:
20 mins before
Meal insulin Basal insulin every 20 mins during Maximum of two options
.. | Ifexercise is more than See carbs chart for Basal insulin | Low Gl carbs no
If exercise is L i . |glucose level and trend X .
_ . More than 90 L 90mins since meal insulin. pump insulin before
. . Within 90mins of | . within X arrows. Capped at . .
Exercise type | Plan execution . minutes before R Change basal 90mins .~ |Meal insulin| (MDI: Basal |bed. Capped at
exercise X 90mins of 60kg dur to 1g/min X Lo
exercise . . before insulin if in 60kg to prevent
meal insulin max glucose . Lo
(MDI) A evening) excessive intake
absorption
Went low first o o o -30% for 6 hrs
time -75% No change No change -75% (No change) -75% (~30%) 0.6g/kg
Aerobic Starting -50% No change No change -50% (No change) -50% LSS 0.4g/kg
plan (-20%)
Went low first o o o -30% for 6 hrs
time 50% No change No change 50% (No change) 75% (-30%) 0.6g/kg
Mixed Starting -25% No change No change -25% (No change) -50% AT BT 0.4g/kg
plan (-20%)
Went low first o o o -20% for 6 hrs
time -25% No change No change -25% (No change) -50% (-20%) 0.4g/kg
Starting No change No change No change LG -25% L D 0.2g/kg
Anaerobic plan (No change) (-10%)




Carbs 20 min before &

every 20 min during

Sensor Trend arrow & action
glucose to take
Levels
<4.0mmol/L Treat hypo, re-check &
follow below guidance 0.5/kg 0.5/kg 0.5/kg
@Q& 0.5(1.5) 0.45 (1.35) 0.4(1.2)
4.0-4.9 Q 0.4(1.2) 0.35(1.05) 0.3(0.9)
mmol/L ©> 0.3(0.9) 0.25 (0.75) 0.2 (0.6)
@ 0.2 (0.6) 0.15 (0.45) 0.1(0.3)
OO 01(03) 005(015)  0(0)
E2:5.0-6.9 @ 0.5(1.5) 0.45 (1.35) 0.4(1.2)
mmol/L
E1:5.0-7.9 Q 0.4(1.2) 0.35(1.05) 0.3(0.9)
I/L
rET:)T;é-g,g ©> 0.3(0.9) 0.25(0.75) 0.2(0.6)
mmol/L @ OO 0.2(0.6) 0.1(0.3) 0(0)
£2: 7.0-10.0mmol/L m 0.3(0.9) 025(0.75)|  02(0.6)
E1:8.0-11.0mmol/L
0(0
EO: 8.0-12.0mmol/L O (©) 0(0) 0
@) @ © 0(0) 0(0) 0(0)
13.9 mmol/L All Arrows 0(0) 0.0(0) 0.0(0)
>13.9 @ Q @ Ok to exercise: No carbohydrate needed for 20 minutes
mmol/L & ketones Ok t ise: N bohydrat ded for 20
o exercise: No carbohydrate needed for
<0.5mmol/L @ @ © minutes, may need 50% of correction dose
ketones All A No exercise: Requires corrective dose of insulin to get
>0.5mmol/L rrows ketones less than 0.6mmol/l before starting exercise

Capped at 60kg due to glucose absorption limit of 1g/min for
glucose and 1.5g/kg for mixed fast acting carb sources —
Jeukendrup (2014) Sports Med 44, 25-33



Live demo




NHS

Birmingham Women'’s
and Children’s

NHS Foundation Trust

Click the competency link or QR code

- https://docs.google.com/forms/d/e/1FAIpQLScAkzhqg
uDvOrt3FskE6Mtg-
rfsZVy9Bm1 yzW2yovO8Md4CEg/viewform

Must score 9/10 to get the Type 1 DEC by email

Make sure you use with Adobe Acrobat Reader

I .I.I |
| I I I I Ill
I FLOWCODE [ 1] ] Illl

PRivacy p owcone SO

Use with clinical expertise and experience

All feedback both good and for improvements welcome:
- Johnpemberton@nhs.net

Massive thanks to the professionals in creating the
guidance:

- ISPAD
- EASD
- ADA



https://docs.google.com/forms/d/e/1FAIpQLScAkzhquDv0rt3FskE6Mtg-rfsZVy9Bm1_yzW2yovO8Md4CEg/viewform
mailto:johnpemberton@nhs.net

What | was hoping?

* Know your types of exercise

* Know your insulin reductions

* Know your CGM arrows ROC

Know CGM accuracy deteriorates during exercise
* Give plans according to key questions

* Think about using the calculator

*Plans will need trial and error
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