\ g & i
S I D B SAPIENZ/

(50 ’\\. USTVTIRESITA [ EOALa
fondata nel 154 Societd Italiana V@

di Diabetologia 6\ 6\

LATECNOLOGIA PER LA CURADEL DIABETE: DALL@\%@ART MDIALL’HYBRID

CLOSED LOOP @ .&°
%OOQ)Q}
\’b Q}
Roma, 1/2 aprile 2 2825

@q

IR
AUTOMAZIONE QMATA ED ESERCIZIO FISICO
s 5°

Y 6\0 Dott.ssa Jonida Haxhi
’b
’b \%Iﬁart:mento di Medicina Clinica e Molecolare

&QQ QKQ Universita degli Studi di Roma La Sapienza
Q N

<
,A(b.o
XN N\
ENIEN



fondcra nel 15854

SID

Societa Italiona
di Diabetologia

Check

Know type,
. . yp glucose and
intensity and trend arrows\®
duration of >

Q¥ o2

exercise . > O

carbohydrates
if needed

&>

Moser O. et al. Diabetologia. 2020 Dec;63(12):2501-2520

SAPIENZA

USTRTRAITA D oML



SID

Societa Italiona
di Diabetologia

Aerobic Mixed
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Glucose
trends
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oé\\\ Q}* 126-180 mg/dl ~108-144 mg/dI ~ 90-126 mg/dl
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Know type, (@ieEs Consider . \6
intensity an'd ElucoeEland timing of
duration of Lendiagen exercise . . ] .
exercise " am Assessment of exercise ex&&qc;?}@ Assessment of risk of hypoglycaemia
% ) X\
I \ Q: How often are you perforrfy §x ek? Assessment of awareness of hypoglycaemia
i h°';'.' wb:;:,(:mes (Ex defined as 245, gk ) (e.g- Gold Score, Clark Score)
m:; b::::’m if needed
&9

Low/moderate risk ¢ m{} {} High risk of
[of hypoglycaemia H [ hypoglycaemia ]

ANDIOR
"\ \4 hyl-pi?;;i:s:e?r:ia ]
N EK&P[ 1-2(Ex1) | | >2(Ex2) | ‘ ANDI/OR
< KIDQ)V Assessment of TBR
RISCHIO BASSO N £ [

I

by CGM/isCGM

Vv

TBR <4% TBR 4-8% TBR >8%
Vv
Moderately Intensivel Low risk of Moderate risk of
exercising exercising lycaemia  hypoglycaemia

RISCHIO MODERATO

i

Moser O. et al. Diabetologia. 2020 Dec;63(12):2501-2520
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Table 2. Extra carbohydrate and insulin adjustmen (@ d@.:'ent physical activity depending on

. : duration and intensity (percentage of maximal heax rate)
l::;l“:l‘:‘s?l‘:l’n carbohydrates \0’)\'® é\ \ Duration
‘- Ifn,::d Intensity < 20 min ZO—ééﬁ\i&‘bJ > 60 min > 60 min (insulin dosage)
< 60% 0g NG &é 30 g/h -20%
60%—75% I5g \?}fb %@\g 75 g/h -20%
> 75% 30 g ob\\‘“ S75¢ 100 g/h -30%
—
(Data from Grimm et al. [7++].) Q
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Q
¥ &
\2\?* ’b'\@
QV“. N
- S -
3-6 g for a horizontal trend arrow 3 @O 9-12 g for a decreasing arrows
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6—9 g for a slightly decre g\d\fend arrow 12-20 g for 2 or 3 decreasing arrows
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Lisle and Trojian Current Sports Medicine Reports 2006, 5:93—98
Moser Horm Res Paediatr 2024 DOI: 10.1159/000542287
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Exercise

Type/mode Freguency

Cold Altitude

Intensity Duration  Timing

Training status

Bodily Concerns

Physical and mental stress

Regimen Changes

SN

i | |

Starting bleod ghicoseleve SO %) Mutritional status Hydration
O(\

Circulating insulin lEu& 6\
> &

Muscle/liver glycogen levels

Menstrual cycle phase (women)

Hypoglycemia-Associated
Autonomic Failure

Q0 O
s\\'\ K\ Prior hyposlycemia
O"o Qé ior hypoglycemi
Prior exercise

)
Yardley J and Colberg S. Current Sports Medicine Reports 2017, 16(1)
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Sistemi automatici @
RN
0 &
¥ 2
Hybrid Closed Loop Automation %O @’b
)
S

Table |. Strengths and Limitations of C&@& gf?ncr)nercialhr Available CL Systems During Exercise.
CGM CGM-Derived 7] @
Measures Glucose Sent to T
o) e Strengths \@0 < Limitations

* Responsive to changes ir@ﬁseé\\e *  Preplanning required due to slow onset and offset of

“Ma + Devices are portable O 3% subcutaneously delivered insulin
* Improved tim-i@%@.@ﬁg exercise » CGM and cannula site adhesive may be affected by sweat
N . N . . .
*  Most syste mlﬁ}pmn’f or water-resistant * Inability to automatically recognize exercise versus rest
* Device p% nyngggis not significantly impacted by exercise ~ * CGM accuracy can be impacted with rapid changes in glucose
> during exercise
@6\\@@ ng
PDL;TVF;FS E;tjlftzzthm Ahh@w(batio@CL closed loop; CGM, continuous glucose monitoring.
Insulin Dose Insulin Dose (%4) Q
N7 @
p QR
QY O
BOMIRN
o> A
07 Q@
o8
Q Pauley et al. Current Cardiology Reports (2022) 24:2043-2056

Paldus et al. 2022 Journal of Diabetes Science and Technology 00(0) 1-8
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Target temporaneo a 150 mg/dl M@ﬁ’a@&a «Esercizio» con range tra 140 - 160
Durata programmabile fino a 24 ore eﬁ\ I
Basale automatica ridotta @ &%cessuta di essere sospesa manualmente
No boli automatici (AHCL) ~\g\ > S| boli automatici
Qv g\@ Possibilita di modificare il bolo consigliato
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Modalita Ease-off — Aumento del target di Talg'zég@emporaneo aumentato di 70 mg/d|
40 mg/dl e riduzione dell’erogazione @&?%gﬂoulazione basale e boli di correzione)
dell’insulina del 35% \@c’ﬁggssibilité di ridurre la sensibilita insulinica
Durata programmabile 10 minuti fino a@%@é&fino a 14 ore
ore \Qvg & Possibilita di annunciare intensita diverse di
TR AT . p- . \ . .
Possibilita di modificare il bolo c@i\gﬁ‘ato esercizio
(b&be}é\o Raccomandazione dei carboidrati di
emergenza © avaos .

oooooooooo

Bassa Moderata [l

INSULIN
CONFERMA PUMP F\



Attivita pianificata
1. SE prevista riduzione glicemica:
a) Target temporaneo 1-2 ore
prima
b) Riduzione del bolo prandiale
25-30% (AF entro 2h dal
pasto)

Attivita non pianificata:
1. SE prevista riduzione della
glicemia:
a) Target temporaneo
appena inizia AF
b) Consumare 10-20 g
di CHO se glicemia <
\ 126 mg/dl (+I0B)

1a Set Temp Target 1-2 h

before PA for expected SG immediately for expeste
decrease

SG decrease A\
2a Reduce prandial insulin dose by

1a Set Temp Target

2a Consume 10-20 0]
25-33% if PA starts within 2 h for if SG <7.0m .
expected SG decrease 3 Check IO *@amo \@CHO needed
OR

1b Lower glucose target at PA onset or 1b Lowe@:os et at PA onset

maintain regular glucose target for or‘@wtain?ﬁar glucose target for
n

expected SG increase cte crease
2b Administer regular prandial o or less CHO needed

insulin dose for expected SG for expected SG increase
increase

2. SE previsto aumento glicemico:

a) Riduzione del target a inizio
AF

b) Bolo solito al pasto pre-AF

SE previsto aumento della

a) Riduzione del

target/target solito
b) No CHO

Durante I'Attivita: | v : Rgfﬂ-‘—'s'cﬁh% !
SE riduzione della glicemia: T
a) Consumare CHO in base a:
glicemia, frecce di tendenza

e I0OB

N CH
SE aumento della glicemia: ,\\\4 . ) 2T e
. . | sy fESe=gi e b ane®
a) Riduzione del target QO(’ Q@ TS S eaioe. | 2T
o

i G and trend arrow f"
b) No CHO Q\ Sy

Moser et al. Horm Res Paediatr DOI: 10.1159/000542287
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Aspetti unici dell’atleta cqﬁ{l@D

O
"oo @Q’
O Sfide personali: B\Sg{ﬁ‘e dello staff medico (preparatore Atletico,

\ﬁutrmomsta dello sport, medico dello
v Allenamenti frequenti e lunghi, spesso piu di uno anQ’@Q)’O sport/diabetologo):

giorno @

v’ Target glicemico durante allenamenti e gare\zyt\‘\@ v’ Sicurezza dell’atleta: monitoraggio glicemico, dieta
v’ Paura dell’ipoglicemia ?‘ \Q adeguata, terapia insulinica adeguata
v’ Capacita di riconoscere I’|pogI|cem|a/f®rsb ppo’ (chetoni, diuresi osmotica, disidratazione)

dei sintomi percepiti invece di mlsu)s 8:?:5 glicemia v’ Prestazione fisica ottimale in gara: evitare
v Alimentazione adeguata (omeostgg %{"@emlca ipoglicemia (neuroglicopenia) e iperglicemia

prestazione fisica) @ \fb
v Gestione dello stress gara- Re&tg\

e K\c?’
QO% QQ}
@
Q\ Harris and White Current Sports Medicine Reports 2012

Riddell M. et al. Diabetologia (2020) 63:1475-1490
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In Viaggio mgﬂé ves
NN
D &
S
o
o2 &
> c;&
\ \6\%ollaborazione tra l'atleta, preparatore atletico e
(b .
S medico

.\QK v’ Kit di Viaggio: IL DOPPIO del fabbisiogho medico
previsto per il viaggio

v" Solo nel bagaglio a mano

v’ Snacks e pacchetti di alimenti pronti all’'uso

v" Emergency card/braccialetto che attesta la
patologia

Mﬂaugggi-n :
T

Riddell M. et al. Diabetologia (2020) 63:1475-1490
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Sicurezza deII’atIeta@\
’b
£
o”
S @
\’0 ©
v’ Conoscenza delle esigenze dell’atleta cop dlajbete tipo 1 da parte di tutto lo staff
NN
b 6
v' Educazione terapeutica continua Q) ®q
Q. Q

. L . >
v Permessi speciali per mlsurQ@I%@hcemla durante la gara; portare cgm o
microinfusore durante I@raq\

v' In caso di ipoglicegg;? @e
v" Non zucchqoo R@‘r 0s
v GIucagorﬁe se® nasale
v Solua&wgcg&cosata ev.

Q\ Harris and White Current Sports Medicine Reports 2012
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v' Maratona/Endurance: fino a 80% di riduzione del fabbisogno I@(?I {0; riduzione glicemica stimata di 10-15 mg/dI/Miglio;
durate >30-60 min, bisogno di integrazione continua con ch§3\?> ,\@0

¢" @
v’ Altitudine: aumento del tono simpatico e aumento d{lbcgjlk@@neogenesi; aumentata insulinoresistenza; riduzione dell’appetito.

R
v Sport da contatto: CGM e Microinfusori possonQETa\:\(mgglarsu consigliate correzioni insuliniche intermittenti con penna e

misurazioni capillary, nelle pause durante la %?a \Q(b
S §°
v’ Triatlon: durante il nuoto, usare cgm e ro&@usore impermeabili oppure rimuovere e rimettere dopo
S
v' Immersioni: generalmente scons@(gt%&a possibili se diving partner conosce la patologia.
> \
R @
N\ @
Q N
R 4
& &8
O QQ

Q\ Harris and White Current Sports Medicine Reports 2012
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Target glicemico durante aIIe\@ﬁ‘ga@ntl e gare
D
&P
‘bo >
14
Q}\(b Q\AQ
O
v’ Prestazione migliore: tra 70-150 mg/dlI 6\{‘“@6\%
OQ) Q)(b
. P ’ ’ : < . : : -
v Ogni atleta ‘impara’ con Iesperlerl\ngqu\qj% il range glicemico migliore
\g \Q%
v’ La maggior parte degli atletiévfnz\Tg@ preferiscono mantenere un range tra 120 e
180 mg/dlI Oé\ O
N4

O
v' In sport di enduranig,br%éﬁtenere un equilibrio steady-state tra richieste
energetiche-infu%@n&d\i insulina-assunzione di cho

R @
Q
.\@ Y
N

Q\ Harris and White Current Sports Medicine Reports 2012
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Example training day Allenamento vs. Gara

a @Q(b
— e (5\\’0
— R M e s o ST o T 3 b Competition
Y S T t'm':’:, 5 o | I:_] & U I - rarget et

Glucose range

(% of time) (% of time)

i
o -
4 :. ] N r
1 0
B om oo woo | 2200 <5% >13.9 mmol/l <5%
. 1 1 HE - 0
\ “and hyperg Strategi <25%2
+ a T : e e s et boues. temaorary. ]—’ ° >10 mmol/I <25%*
lfmﬁd‘sjﬂrﬁoﬁ'u;n?cﬁn'irﬁuﬁ';:-_::l::::::-_-_-_-_-_-_-_-_-_-_':__' l basal rates i on CSIl etc.)
| |

Diabetes supplies on hand {glucose meter, :

(i) —————
lancing device, lancets, CGM, insulin [neadles 1

n

1

! or pump suppiies], carbohydrate snack, \2\
] t

glucagon, medical identification) i

3.9-10 mmol/I >70%

3.9-10 mmol/I >75%

Travel to  Pre-race Medical
Wake up Breakfast Pack race location snack checkup

<3.9 mmol/I <4%b
<3.0 mmol/I <1% <3.9 mmol/I

<1%b

N [Fom e oo s srges Proposed CGM-based targets for athletes with type 1 diabetes
e bk & i @ T e e ron can ) during training (a) and competition (b).
o oo N T
s 1 QY

3 PP i, spere suppiis, carbobydrate snacks, ic) | Riddell M. et al. Diabetologia (2020) 63:1475-1490
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Prestazione fisica ottlmalg\a?%@ra
X Q¥
Evitare ipoglicemia = neuroglicopenia c)\@ ,09\

Evitare iperglicemia = chetoni, diuresi o\{,g%it&@, disidratazione
S
6&2\@
v Educazione terapeutica continua ® o
v’ Brevi scatti di esercizio intenso po@?{o@&lurre il rischio di ipoglicemia successiva
v’ La diuresi osmotica e disidratafg@?é\&@seguente I'iperglicemia interferisce con la
prestazione fisica oS
v' Allenamento regolare nel@g 53 orario della gara prevista = sviluppare strategie
personali per aggiustare’@sq@na e assunzione di cibo
v" Recupero post-gara{b&‘> @\é\o

XY Q
>
’&

Q\ Harris and White Current Sports Medicine Reports 2012
Scott et al. Lancet Diabetes Endocrinol 2021; 9: 304-17
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Recupero post-ga ra R
RN
Oé}g ’b%\
Terapia Introito di \,0% 2 v “golden recovery period”’
insulinica nutrienti > O‘& 1-0-1-3 g di carboidrati/kg nelle prime 4 ore
SN
® Q)‘b Rischio di ipoglicemia inversamente

\Q@ proporzionale al deposito di glicogeno

v Riduzione del 20-30% del bolo del pasto
successivo e della basale nelle 6-12 ore
successive (Insulina lenta se MDI)

Scott et al. Lancet Diabetes Endocrinol 2021; 9: 304-17
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Recupero post-gar & | Ridurre Pinsull
P P g --%b‘,‘o‘}\(b : Ridurre I'insulina ma non troppo
(0 \\7

A B .\Q\' 6\6

80 ——Type 1diabetes c)—fbfith insulin

70 —— Non-type 1 diabetes % Without insulin

Muscle glycogen content
(mmol glucosyl units/kg)

Blood glucose
concentration (mmol/L)

£ S S S S S
. Time (h) Time (h)

4

Q

Scott et al. Lancet Diabetes Endocrinol 2021; 9: 304-17



Post-exercise recovery for the endurance athle’%@ with type 1
diabetes: a consensus statement @ s

CrossMark

Sam N Scott, Federico Y Fontana, Matt Cocks, James P Morton, Asker Jeukendrup, Radu Dragulin, J& n o;taszewqm Jergen Jensen,
Rafael Castol, Michael C Riddell, Christoph Stettler, for the working group for the study ofl'ntegr B@ﬁgy of Exercise in diabetes

,OU

GLUCOSE CHECK***©? \\1
« Check immediately after exercise because of increased risk of hypoglycaemia or hyperg s
= Continue to check at regular intervals (15 min) or use CGM or flash glucose monltorl ec@Se of an increased risk of dysglycaemia after exercise™> ®?

= Consider setting alarms to guide the timings of your checking routine*
« Because of the potentially elevated risk of hypoglycaemia overnight, CGM alarr@@ou&l‘@e set at 4-4 mmol/L (80 mg/dL) and those using flash glucose

monitoring should do at least one scan during the night®? \®
2
INSULIN AD i i i i \"0 < %\)
JUSTMENTS (including pre-exercise and post-exercise) \ \

= These are likely to be highly individual and depend on the circumstm@és, in@;ding but not limited to, the type, intensity, and timing of the exercise

donel51114.63,51 0
= After exercise, the magnitude of increased insulin sensitivity caggé hl@%ubstantially increasing the risk of post-exercise hypoglycaemia
If using multiple daily injections Q
= Consider reducing insulin dose pre-exercise™=*
= Reduce the first basal insulin dose in the recovery period,‘?g?tl(@@rly if the exercise session was >30-60 min™
- Reduce bolus insulin dose with recovery meal*+©4 ?\ QN
If using subcutaneous insulin infusion \O \\
= Basal rate reduction 60-90 min before the start o@terc
= When suspending the pump at the start of the cis@limit the suspension to a maximum of 45-60 min. Consider a hybrid regimen™
= The bolus insulin dose can be reduced by 20— % first recovery meal, along with a similar reduction in the insulin basal delivery rate for 6-12 h**

O
COOL DOWN @ >
!

« If during the last 10 min of exeruseﬁ?b d glucose concentration is >10-0 mmol/L, consider a more prolonged low-intensity cool down*
« If during the last 10 min of exerciQ® t}&leﬁood glucose concentration is 5-10 mmol/L, reduce the length of the cool down*
~ S

Q?"
<<>
Q Scott et al. Lancet Diabetes Endocrinol 2021; 9: 304-17




CARBOHYDRATE INTAKE \OQ
« Initiate carbohydrate feeding when the glucose concentration is less than 8-0 mmol/L (144 mg/dL), partigfarly if glucose is decreasing™
« When rapid recovery from a long period of exercise is the key objective, and peak performance is requipf witlin 24 h, aim to consume 1-0-1-3 g

carbohydrates per kg-1 per h-1 for the first 4 h of recovery, starting as soon as possible after exerqi@vi%@équent feeding intervals thereafter
(ie, every 30 min)®337.6% O

« In some scenarios (eg, focus is on enhancing the training stimulus or adaptive response), lo &(br ddrate availability might be deliberately done by
reducing the total carbohydrate intake, or by manipulating carbohydrate intake related Yl Sessions (eg, training in a fasted state or undertaking a
second exercise session with a low carbohydrate intake).°® However, there is little infgr{gl\at 'ﬁ\&m athletes with type 1 diabetes and we do not generally
recommend a low carbohydrate diet for exercise performance™®® & o

« The use of multiple transportable carbohydrates (eq, fructose) in combination‘aj@ g&&se after exercise will promote a faster liver glycogen repletion
rate than glucose alone?®*%* N S

: : Q
« Fructose alone cannot be used to immediately treat low blood glucose” (4 C}\
« Fructose and glucose co-ingestion will require a lower insulin dose coa&r%\\%th glucose alone®®**

Vo)

[ Q)(O

PROTEIN INTAKE \Q &

« Daily protein recommendations are 1-6-1-8 g per kg-1 per org &rance athletes®’

« Protein added to carbohydrate immediately after exercis@%k@speed up recovery*87.32367074

<
S
HYDRATION O o

« Be aware of the effects of drinks containing h@yh a (l\mts of carbohydrate on blood glucose concentration™

« Hydrate with carbohydrate-free drinks if@od giticose concentration >10-0 mmol/L*

« Effective rehydration requires the intq%%f@reater volume of fluid (eg, 125-150%) than the final fluid deficit (eg, 1-25-1-50 L fluid for every 1 kg of
bodyweight lost)® R @

« Dietary sodium and sodium chlo@e aGm foods or fluids) helps to retain ingested fluids

« Be aware of envi ronmenta[gg\%it{@s (hot or humid conditions)”7¢

« Excessive alcohol intake i ar@overy period is discouraged because of the diuretic effect and increased risk of hypoglycaemia™"®

X

\v
Q Scott et al. Lancet Diabetes Endocrinol 2021; 9: 304-17
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Conclusioni & &
NN
N
D &
5
La tecnologia nel diabete facilita la pratica di attivita j(; a\@?port in sicurezza, previa:

N
o

Q
v’ Educazione adeguata e continua (esperienz%?g&é\cfo?ale, staff medico)
v Gestione integrata e specializzata multidiseflinaria

v’ Collaborazione e supporto di tutte le figute eBnivolte (atleta con diabete, famiglia,

compagni di squadra, allenatore, m@i’c\%%ssociazioni di pazienti, Federazioni sportive

ect. )
| sistemi automatici permetton@lr@r%aggiore flessibilita durante esercizio purché ci sia:
v’ Pianificazione adeguata bf?a@)ossibile anche l'attivita spontanea
v' Adeguate conoscenze\rﬁel elfunzionalita dello strumento
v’ Interazione efficaC@Qfga@Ente-microinfusore prima, durante e dopo esercizio per
ottenere I’equiljgﬁﬁogﬁ?éady-state tra richieste energetiche-infusione di insulina-
assunzione 'Ahgi\o
o) QQ

S
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