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Inattivita fisica

In Italia, sono oltre 21 milioni e 400 mila
coloro che dichiarano di non praticare sport %OO\G
né attivita fisica (38,4% della popolazicp\ge)\.6 (\\13‘

. 7\ ©
I'ltalia si colloca al prim@b\s\to\gé\l nazioni
L] e\ K a L]
europee con il piu alto ag@‘ﬁl adolescenti
insufficiente%&ﬁe(gtﬁ\?‘l (91,8%).
S

scUola pone 'ltalia tra gli ultimi posti nelle
graduatorie europee.



Prevalence of physical inactivity* among adults, ages 18+ (age standardised estimates)
Both sexes
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Prevalence of physical inactivity* among school going adolescents, ages 11-17
Both sexes
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Physical Activity Advice Only or Structured Exercise Training and Association
With HbA,, Levels in Type 2 Diabetes

Source

Aerobic training
Bjorgaas et al,2° 2005
Church et al,® 2010
Cuff et al,2' 2003
Dela et al,22 2004
Giannopoulou et al,23 2005
Goldhaber-Fiebert et al,2* 2003
Kadoglou et al,25 2007
Kadoglou et al,26 2007
Kadoglou et al,?” 20102
Kadoglou et al,2” 2010P
Lambers et al,28 2008
Ligtenberg al,?® 1997
Middlebrooke et al,° 2006
Raz et al,3" 1994
Ribeiro et al,32 2008
Sigal et al,” 2007
Sridhar et al,* 2010
Vancea et al,3* 2009°
Vancea et al, 34 20094
Verity and Ismail 3% 1989

All aerobic training

12=92.8%; P for heterogeneity <.001

Resistance training
Castaneda et al,36 2002
Church et al,® 2010
Dunstan et al,3” 2002
Sigal et al,” 2007

(’5‘

All resistance training 6\
12=92.5%; P for h%@elty <. %e‘

Combined traj @
Baldwgl 2

et al 8

0 e(e
. Q etal, X
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Shgal et al,” 2007
Tessier et al,“0 2000

All combined training

12 =67.5%; P for heterogeneity =.005

Overall
12=91.3%; P for heterogeneity <.001

JAMA. 2011;305(17):1790-1799

No. of Patients

{

Intervention

Control

1

HbA,
Weighted Mean
Difference, % (95% CI)

-0.44 (-1.03 t0 0.19)
-0.23 (-0.30 to -0.16)
-0.07 (-0.28 t0 0.14)

-2.14 (-3.43 to -0.86)
~1.00 (~1.70 to -0.30)
-1.40 (~2.56 to -0.24)
-0.93 (~1.08 to -0.78)
—1.02 (~1.59 to -0.45)
-0.80 (~1.15 to -0.45)
-0.59 (~1.11 t0 -0.07)
-0.70 (~1.78 t0 0.38)
-0.30 (~1.11 to 0.51)
0.10 (-0.45 to -0.65)
-0.30 (-3.53 t0 0.93)
-0.40 (~1.19 t0 0.39)
-0.50 (~1.22 t0 0.22)
-2.76 (-3.13 to -2.39)
-0.50 (- 2 47 to \%
0.00 (- a

0.50 @

7/\@3 106%@ ?

\(\a\l 00 (-1.27 to -0.73)

-0.15( —022to—008)
-0.80 (-1.46 to -0.14)
-0.37 (-1.08 to 0.34)

-0.57 (-1.14 to -0.01)

~1.24 (~1.88 to 0.60)
-0.34 (<0.41 t0 =0.27)
-0.07 (-0.29 t0 0.15)
-0.80 (~1.84 10 0.24)
~0.90 (~1.80 to —0.00)
-0.97 (~1.69 to -0.25)

(

-0.40 (~1.29 to 0.49)
-0.51 (-0.79 to -0.23)

~0.67 (~0.84 to -0.49)

-4 —é -2 -1 0 1 2 3
Absolute HbA,, Changes, % (95% Cl)

Weight, %

3.46
a7

1.38
2.96
1.61
5.57
3.55
4.68
3.81
1.78
2.57
3.64
0.54
2.61
2.88
4.60
0.68
0.51
1.43

59.41

5.11
5.78
3.17
2.92

16.68

3.24
5.77
5.31
1.86
2.26
2.86
2.28

23.61

100.00



Attivita Fisica e Diabete: Sommario
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Physical Activity:
Historical position stands ..
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Physical Activity/Exercise and e Yordlon Michoel ¢. el

David W. Dunstan,” Paddy C. Derppsey,”

Diabetes: A Position Statement of cawerd. orton' g Q@ ond

o o c rah F. Tate® ;
the American Diabetes Association ™" *Ge™ (o
Diabetes Care 2016;39:2065-2079 | DOI: 10.2337/dc16-1728 . (\6 6 6‘\6\\'

2 .qel
GG
aerobic > 150 min/weag)’\.6 d\rﬁgd%rate to vigorous 3-7 days/week
e e g@ no more than 2
0’1,\ N Q(G consecutive days without
\‘\O \" (\6\6 © exercise
W \
63 Ateast 8-10 exercises
i resista nC%Q(a\Qe(é\O(\ with moderate to vigorous 2 -3 days/week
Q(G \ \ completion of 1-3 sets of
é\\:\\la \‘G(G 10-15 repts
\ QQO < <\Ge Static/dynamic stretch for Flexibility:
ﬂeexibility 10-30” light to moderate > 2-3 days/week
& balance 2-4 repts. Balance any Balance:

duration > 2-3 days/week
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Contributo percentuale dei diversi substrati
come fonte energetica durante esercizio fisico

Glicogeno
100 ﬁmuscolare
75
50
\
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i T -
0 1 2 3 4 ore
glicogeno captazione di glucosio + W captazione glucosio

FFA A captazione FFA



Different types of exercise affect
Glucose levels
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ISPAD Clinical Practice Consensus Guidelines 2018: Exercise in children and adolescents with diabetes, Volume: 19, Issue: $27, Pages: 205-226



Energy Expenditure of Physical Activity

_ %
1200 o All out competit‘iv%@@}%&

% 1000 - Running 10 mvh
<

S 800 -

e

-c .

= 600 — Running 6 mph
2 Climbing stairs
s Sexual intercourse

t:>o 400 - Gardening

= Q(e Walking 4 mph

c NN Bicycling

- aQOQ&?)(QGG\‘ ol Walking 2 mph

\0) ?G( ° Chewing gum (11 kcal/h)

Adapted from: Alpers. Undergraduate Teaching Project. Nutrition: energy and
protein. American Gastroenterological Association, 1978.



Attivita Fisica e Diabete: Sommario
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Insulin Stimulated Glucose Uptake

glucosio .

gii:;)g;iﬁ
sintetasi.

Glicogeno

Codella, Luzi, Il Diabete, 2017

_insulina

£ recettore insulinico



Insulin Stimulated Glucose Uptake

Insulin

Insulin ¥

Glucose uptake

Glycogen Synthesis

Activation

Inhibition

Parker et al.,
Front. Endocrinol., 2017



Contraction Induced Glucose Uptake

Glucose uptake

Activation
Potential Activation ======= - Parker et al.,

Front. Endocrinol., 2017




Exercise is the «polypill»
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Fiuza-Luces C et al. Physiology 2013;28:330-358
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Effect of Exercise Trainin
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Comparison on the effects of the polypill vs. exercise interventions on
outcomes related to CVD risk using data from meta-analyses
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Endurance exercise (75) —- \Og\
Dynamic resistance exercise (75) —— 6\06\0
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Net change
(6\0(\
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LDL-cholesterol (mmoll)
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-8 -4 0 4 8
Net change

Carmen Fiuza-Luces et al., Physiology 2013



Exercise is the «polypill»

CREB Immune
cells

AMPK~#at oxidation
tglucose uptake
myogenesis
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Fiuza-Luces C et al. Physiology, 2013



Insulin Resistance and Irisin
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élite pecéﬁbﬁl@t\e amateur sedentary
Age (y15) 24L8C BV L3 246+81  252+82
Eo_dyhlvias)s (kg) N\é @(\o\e o\ Zoi; ?77. i ?262
eight (m . . .
BMI (kg/m?) 42 \O@% 1.7 224+24  221+27 228428
Group size (GQQ‘ \‘8(6 n=20 n=20 n=20 n=10
N Q\\G‘e\
200 4P

Benedini et al, J Diab Res, 2017






Diabetes Prevention Program

Reduction in the Incidence of Type 2 Diabetes with Lifestyle
Intervention or Metformin

N Engl J Med, 2002



Cost-Effectiveness of Lifestyle
Modification or Metformin: DPP

« Active interventions (vs placebo) would;

Intensive
Lifestyle

Hetformin

Delay onset of

type 2 diabetes by 11.1 years 3.4 years

Reduce incidence of . 5
type 2 diabetes by 0% 8%

Increase life
expectancy by 0.5 years 0.2 years

Cost per QALY $1,124 $31,286

QALY = Quality Adjusted Life Years

Herman WH, et al lor the Diabetes Prevention Program Research Group,
Ann Intem Med, 2000:142:333-332.




Metformin prevents damages of

sedentariness
e\o\ %\6‘
6\0 d\\a\a\
\\:a\ \\ao)v a
study protocol mo\

I\

6\6 WETF 250 mg/Kg

\\

[C57BL6] 12-week old
Senesi et al, J Diabetes Res, 2016



Metformin prevents damages of
sedentariness
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Senesi et al, J Diabetes Res, 2016



Weight (g)
35 - 35

Male mice 0 day
TBL6

1

Day Day 60

(Age 12 weeks)

200 |

Senesi et al, J Diabetes Res, 2016
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FARMACI PER LA RIDUZIONE DEI LIVELLI GLICEMICI NEL DIABETE DI TIPO 2: APPROCCIO GLOBALE

SeilvalorediHbAkéaldisopradeltargetlateﬁpiadiprimalineaélarnetfonninaelostilecivitacomplossivo
(che include la gestione del peso e I'attivita fisica) deve rispettare lo schema a seguire

d

'ASCVD ACCERTATA O CKD

l d

d

ASSENZADIASCVDACCERTATAOC \

Per evitare
Iinerzia clinica rivalutare
e modificare il trattamento
in modo regolare
{cor. 3-6 mesi)

d

?

oSUF S\, L
0\6; @((

Valutare I'aggiunta di SU® O insulina basale:

» Scegliere la generazione di SU pil recente, con minore rischio di ipoglicemia
+ Considerare I'insulina basale, con minore rischio di ipoglicemia’

sulla base della neutralita del peso

¥

HF O CKD PREDOMINANTE
[ h PREFERIBILMENTE g | COSTI SONO UNA QUESTIONE
SGLT2i con evidenze di riduzione URGENTE NECESSITA DI MINIMIZZARE L'IPOGLICEMIA IMPORTANTE*®
della HF e/o della progressione
GLP-IRA con SGLT2Z di CKD ottenute da ampi trial ;
benefici con benefici cardiovascolari se I'sGFR & adeguato® DPP-4i GLP-1RA SGLT2i Sue T7D°
dimostrati dimostrati R e T
sulla CVD’ sulla CVD; . P J’
seleGFR & Se il SGLT2i n0|‘1 2 tollgratu o ‘b ¢
adeguato? controindicato o se I'eGFR & inferiore al Se HBA_éal di Se HBA,‘ 2ald Y —
valore adequato’ aggiungere GLP-1RA ] | o Se HBA, & al di sopra del target ] [ Se HBA, ¢ al di sopra del target ]
L B con benefici dimostrati sulla CVD' J *b 4’ ¢ ‘» ‘b
n . ¥ . ‘U, GLP-1RA con
| Se HBA, & al disopradel target | | SeHBA,al di sopra del target i ¢L GLT2¢ i buona efficaca s s
sulla perdita
TZQI\) T%\ di peso?
In caso sia richiesta un'ulteriore Evitare TZD in pazienti con HF e
intensificazione del trattamento o il
paziente non sia pill in grado di tollerare Scegliere farmaci che abbiano \/ f\\ \ ‘l' "" ‘l’ “l’
GLP-1 RA e/o SGLT2i, scegliere farmaci dimostrato safety CV: [ Se HBA_ & al di sopra del target ] [ Se HBA,_& al di sopra del target ] Se HBA,_é al di sopra del target ]
che abbiano dimostrato safety CV: « valutare di aggiungefe il 6 ’L * ‘l’ 4[ 4'
« valutare di aggiungere il farmaco dell'altra class @ehu dlrnast
dell'altra classe (GLP-1 RA o SGLT2i) sulla CVIR ‘a Z"ca [ Continuare ad aggiungere altri trattamenti come indicato sopra J Se & richiesta una tripla terapia o Insulino-terapia: insulina basale con il
con benefici dimostrati sulla CVD . DP xagm ti "’ SGLT2i e/o GLP-1 RA non sono tollerati minor costo di acquisto
» DPP-4i se non in trattamento con (se 0 con o controindicati ricorrere a un regime 0
GLP-1RA Q P TRA n\‘é Se HBA, é al di sopra del target ] terapeutico che comporti il minore Considerare DPP-4i O SGLT2i coniil
* insulina basale* . \"\\la . arsuh \l' rischio di aumento di peso minor costo di acquisto®
« TZDF PREFERIBILMENTE
\ \i } DPP-4i (se non in terapia con GLP-1 RA)

Se DPP-4i non & tollerato o
controindicato o il paziente & gia in
terapia con GLP-1 RA, aggiungere con
cautela

« Sus

« TZD®

+ Insulina basale




Add-on a metformina ne| PAZIENTI SENZA MALATTIA CV o RENALE

ASSENZA DI ASCVD ACCERTATA O CKD
URGENTE NECESSITA DI MINIMIZZARE
. L'AUMENTO DEL PESO 1 COSTI SONO UNA QUESTIONE
URGENTE NECESSITA DI MINIMIZZARE L'|POGLICEMIA 0 DI FAVORIRNE LA PERDITA IMPORTANTE®®
GLP-1RA con )
DPP-4i GLP-1RA SGLT 2 10 buona efficacia SGLT2¢ S
sulla perdita
di peso®
2 i ¥ ¥ —
SeHBA_&aldi SeHBA_2aldi SeHBA éaldi SeHBA éaldi —
sopra deltarget | | sopradeltarget | | sopra deltarget | | sopra del target [ SeHBA, 4 ol sopra dol target J
B ¥ <
[ GLP-1RA SGLT2R
SeLT2R SGLT2R 0 0
0 0 DPP-4i DPP-di
12D 0 0 0
| TID GLP-IRA

¥ v 2 2

[ Se HBA, & al di sopra el target

~N\O

v ¥

Gei pazienti

ONSGHBA baldisopradeltarget | [ SeHBA, ¢al i sopra deltarge

l

W\

‘d\\ ©

2 2

[ Continuare ad aggiungere altri traﬁ@cox ¢ indica tgso@\ VI ]
PR R\

;ﬁ&%l di 6@3@" |

(O
nta dis \A basale:
I\ere i SU pitl recente, con minore rischio di ipoglicemia
sH¥ina basale, con minore rischio di ipoglicemia’

Se & richiesta una tripla terapia o
SGLT2i e/o GLP-1RA non sono tollerati
o controindicati ricorrere a un regime
terapeutico che comporti il minore
rischio di aumento di peso
PREFERIBILMENTE
DPP-4i (se non in terapia con GLP-1RA)
sulla base della neutralita del peso

v

906

. Conud
2. Tenere conto della varlah@w SGLT2 per mo ( stlln di eGFR indicato per awviare il trattamento e per ['uso continuativo.
3. Sia empaglifiozin iduzione dellHF e d della progressione della CKD nei grandi trial cardiovascolari.
4. Deglidec o insulina glargine tradizionale U100 hannu dimostrato safety CV.
5. Un basso dosaggio potrebbe essere meglio tollerato sebbene ne sia meno studiato l'effetto a livello CV.
6. Scegliere una generaziona pill recente di SU che comporti minore rischio di ipoglicemia
7. Deglidec / glargine U300 < glargine U100 / detemir < insulina NPH.
8. Semaglutide > liraglutide > dulaglutide > exenatide > lixisenatide.
9. Inassenza di specifiche comorbidita (es. nessuna CVD accertata, basso rischio di ipoglicemia e minore esigenza di evitare I'aumento di peso o nessuna comorbidita correlata al peso).
10. Tenere in considerazione i costi specifici per Paese e Regione. In alcuni Paesi la classe dei TZD risulta relativamente pill costosa e | DPP-4i relativamente pill economici.

Se DPP-4i non é tollerato o
controindicato o il paziente & gia in
terapia con GLP-1RA, aggiungere con
cautela

+ SUe

« T20¢

+ Insulina basale

Insulino-terapia: insulina basale con il
minor coste di acquisto

0
Considerare DPP-4i 0 SGLT2i conil
minor costo di acquisto®

Q(enatide > lixisenatide)
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J




Attivita Fisica e Diabete: Sommario
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Exercise is the «polypill»

élr!kEBB Immune
cells

N N;oplastlclty

"'_-' ~

AMPK~#at oxidation
tglucose uptake
myogenesis

Satellite cell
proliferation

— Stimulation

-~ =4 Inhibition

Fiuza-Luces C et al. Physiology, 2013
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IL-6 levels at end exercise in 47 T1DM, subdivided in quartiles based on average glycemia
during prior 3 days; higher prior glycemia resulted in progressively greater IL-6 levels.
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Galassetti et al, Comprehensive Physiol, 2013



Codella et al. Acta Diabetol, 2017
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ADJUSTM

=2

?5‘@0

INSULIN

INSULIN

Dosage adjustments depend on :
- Form of treatment (CSIl, MDI)
- Type of activity

- Type of basal insulins using

[ GLYCEMIC GOAL in T1D ]

g/dL

L 3 B F 70

'geglé@xe €\@

©\°

@(
G<1§H&1L 9 15-30 g CHO

&@( mg/dL = delay CHO intake
exercise duration <45’ ~15g CHO, 15-30’ before
prolonged exercise = 1g CHO/kg, 1h before

reducing bolus (especially if exercise
is within 90-120’ of a bolus)

adjusting basal insulin rate (on CSlI,
set boluses every hour — 50% of the
usual hourly basal rate)

daytime glycemia

e o

2h postmeal
130

o\é@
SO o

. \l@(
N

1h

During exercise

hydratation
30-60g CHO/exercise-hour

if >70g CHO/exercise-hour needed
glucose:fructose ratio should be 2:1

adjusting basal insulin rate (CSII)

NUTRITION

Carbohydrates 5-12 g/kg/day
Proteins 1.2-1.7 g/kg/day

Fats 20-35% of total energy intake

5, D

\\6\ \6\\0
2 ==

m 3h m

Prevent post-exercise hypoglycemia

(after moderate to high intensity exercise of
>2hours)

within 30 min = 1.5 g CHO/kg

at 2h intervals up to 6h after
exercise = 1.5 g CHO/kg

reducing basal insulin rate (CSIl and
MDI therapy)

lesser insulin reduction if exercise
duration > 3h from last injection of
rapid insulin

decreasing boluses administered
within 1h after exercise



Attivita Fisica e Diabete: Sommario
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HIGH @Jﬁ? iT INTERVAL TRAINING
e See® (HIIT)



Variabili di un

\
\\6
NEDN @5\
.6\\9 ‘\6\\’8‘
er‘.\e" o
Referenze Tempo Intensita Recupe(g® T‘ta Ripetizioni Serie fempo
o (3\ recupero Protocollo
bibliografiche  lavoro corsa  corsa durat G%YE%@ corsa (n) (n) ,
o \1, 5)‘_9( tra le serie
Gibala et al, 2012 20 1 QWE(% g\db\e 60% FC_,, Sprintcycling 10 1 - 3/w
666 @ per 2 sett.
0‘6& o
Hoot et al., 2011 %(G \ N 85-90% FC, 1" 60% FC,.. Sprintcycling 10 1 - 3/w
%\\\ per 2 sett.
Tjonne@t ibﬁé 25’ 4" 90% FC,,, 4 60% FC.x Sprintcycling 4 1 - 3/w

per 10 sett.



Graphical representation of a typical
HIIT protocol
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Monique E. Francois, and Jonathan P. Little. Diabetes Spectrum, 2015



INTERVAL TRAINING MODEL

)]
’} \ |A
Lﬁ \‘ 1\1 .
* [ il \O\og\
Recovery times in minutes between: e X
o . rops  sats NG N2
’bl"' 1"1| l"\ 1 4sets i (@d\ =\ W
EL"’ 11 1I.1L \ & [ | 2 szailn . \Ka\\a‘ 5\‘\9@’
g I s —RO S N
=R ] ] I—({eﬁsp e(e@ -
o 1 '\ \ 22 0(\\\
E- LA vh '\ Wi A\
18 1I.III \ \'I, | \ 1SN 5(9}@,‘\
5 " RO et
= 12 !r : e
§ 1 T@V, AW
= \ i
9
\ \]9% el 4y B -
OC L Cpi o t-n L -
1 Xl =\‘rT'\n..

Q0 100 130 00 230 900 330 430 500 550 800 &30 T.00

Work Interval duration (min:s)




Low-volume HIIT leads to rapid improvements in glucose
control in individuals with type 2 diabetes
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Glicemia post HIIT 9
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Azione Insulinica post HIIT

muscolo (vasto laterale)
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Variazione della concentrazione
dell’insu\ﬁna a digiuno
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Cascata di segnali che promuovono la biogenesi mitocondriale
nel muscolo scheletrico in risposta all’HIIT

( NRF-1 | TFAM | NRF-2

Negri et al., Sport&Medicina, 2015



High-intensity training High-volume training \0@\6'
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Findings from HIIT studies in sedentary and recreationally active individuals

Reference n Mode  Frequency Weeks Reps Intensity Wiork Rest Results
(d'wk) duration duration
Hicksonetal®™ B8M RandC8 10 [3 100% VOzmax 5 min 2 min ™WOzrax, TThm
Green et al148] i0M C 1 1 16 00% VOomge B min 54 min TPCr, 1Gly, lLac
Green and EM C 3 1 1224 120% VOzmax 1 min 4 min TUA . 6'
Fraser7! \Og\
Keith et al.l*®! M C 2-4 8 2 Tec+30%  76min 30 min W O2max, TPpeak, TCS, \O
13-HeoA, TTiac . 6‘()6 \\'
Keith et al 4% 8M C 24 8 1 Tia 30min 0 TVOemax, TPpeak, SO\ . \\@‘
13-HCoa, 1T d\\,@
Burke et al.l*] 21F ©C 4 7 NR  85-08% 30-120 sec 30-120 sec WQ@W .«@5\
VO2max
W2 e
Simoneau et al®™ 10M, C 45 16 415 60-90% Ppeax 15-90 sec HF[ 120‘@ pe |, QQ@I
14F
RodasetalB!  EM C 7 2 47  Alout 1530 sec—12 @PCr 1Gly, TCK, TPFK,
\\6 G TLDH T3-Hcoa, TCS,
) \1 TWVOzmax, TPpeak, > WIN
Parma et al 152 EM C ) [ 4 Allﬂ\)\a 15 s&Qﬁ sec-12min TPFK, TALD, 7CS, T3-HCoa,
2 TP peax, TWIN
MacDougall 12M C 3 \1 @ All—ouf(eg 30sec  2.5-4min THK, TPFK, TCS, TSD, TMD,
et al=l \YL TPpeas, TWIN,
TV Ozmax
Linossieretal™ am, c Q\O 0@&@ All-out 5 sec E5 sec TWIN, TLac, TPFK, TLDH,
2F \ \g Ttype I, Lype Iib,
6@ 0 e typella
Simoneau et al. ﬁsl\g@m O(@ 16 1015 60-90% Ppesx 15-30sec HR=120-130 THK, TPFK, TLDH, TMD,
( %\ bpm 13-Hooa, TOGDH
Hen@@ @561 ‘c & 12 1 Tise —Tiac + NR NA TTiac, €+ VOzmax
oW
\\\lawewl\fg( 4 M R 34 8 210 All-out 6-30sec  1-10min TWIN, TLac, TNE,
0 4F £ fm, TH*
O\@Q (\%bata etal™  7M C© 6 78 170%VOzmax 20sec  10sec WOamax, TANGap
? Rayl= BM C 8 5 90-100% 5 min 2 min TWOezrrax, |HRrest,
VOzrmax IMAP, IMSNa
Hameretall® 7M C 3 7 410 All-out 30 sec 3-4 min Before maximum work-rate:
1T|'m. l—LB.G'm ph -.I-H+.

LanATPgeod, LIMP, LGly,
LATPgeq, LK+, LNE.

After maximum work-rate:
&lac m, TLacy, LH'm,
TH*p, TNE, LATPuzq,
lanATPm. LIMP

Laursen PB et al., Sports Med, 2002
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A little pain.... for a lot of gain...

Cycle time to exhaustion at 80% of pretraining peak oxygen update before (PRE)
and after (POST) six sessions of high-intensity interval training (HIT) over 2 wk or
equivalent period without training (control;CON) P
o

100+ PRE

-.J
T

CON HIT

Gibala MJ et al. Exe Sport Scie Rev, 2008



High-intensity interval training increases
GLUT4 protein content
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Pre Post

Little et al., J Physiol, 2010



Molecular responses to high-
intensity interval exercise

1.4
1.2
1.0+
0.8
0.6
0.4+
0.2

p-AMPKu1
p-AMPKo2

Bout 4

Rest Bout1 Bout4  Recov o 6\)\6 Recov

p38 MAPK

Rest Bout1 Bout4  Recov ) Rest Bouti Bout4 Recov

Phosphorylated AMPKa1, AMPKa2, p38 MAPK, and CaMKI|
at rest, after 1 and 4 bouts of 30 s all-out cycling exercise and after 3 h of recovery.
*p <0.05 vs. rest Gibala et al, J. Appl. Physiol, 2009



PGC-1a content in human

skeletal muscle ,\o\o@

N

PGC=1c mRNA
O = MMWwH DN DOO

6\\\ zﬂ;%b\a
O\QQ?Q( 0
MRNA expression and protein content of PGC-1a
at rest and 3 h after an acute session of high-intensity interval exercise

*p <0.05vs. rest

Gibala et al, J. Appl. Physiol, 2009



PGC-1a content in human skeletal muscle

total exercise volume was
approximately
90% lower for the HIT group

007 ¢
Ow® o¢f b HIT ET

PGC-1a before (PRE) and after (POST) 6 wk of
high-intensity interval training (HIT) or 6 wk of endurance training (ET)

Burgomaster KA et al, J. Appl. Physiol, 2006.



Pyruvate dehydrogenase content in human
skeletal muscle

—I1PRE
N POST *

total exercise volume wa

approximatel \Og\ |
90% lower for t grou
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g @ (6\0 <g 2 5
E -~ Q(GQ © E g
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HIT = HIT ET

PDH and B—HAD before (PRE) and after (POST) 6 wk of high-intensity interval
training (HIT) or 6 wk of endurance training (ET)

Burgomaster KA et al., J. Appl. Physiol, 2006.



Low-volume high-intensity interval training
induces mitochondrial biogenesis in human

skeletal muscle e
= Pre PDS O\Q\Qrs\\@\ Post
[T \\’& N\

~ O 6= 2 (3\’\6 *
N a O\e 5\
a2 4. : \{cp—
£3
e > 2-
Eg 1
O QO
S 0
=
@ '
a Pre Post
M@?lma? %‘ctlwty of mitochondrial enzyme Protein content of CS

before (pre) and after (post) interval training

citrate synthase (CS
y (CS) (2 weeks, 6 sessions of high intensity cycling)

measured in whole muscle homogenates prepared from muscle
biopsy samples (v. lateralis) obtained before (pre) and after
(post) interval training

Little et al. J Physiol , 2010



Cytochrome ¢ oxidase (COX) T

maximal activity (mmol.kg protein ' hr)
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Little et al., J Physiol, 2010



Increased maximal activity of
cytochrome C oxidase (COX)

total exercise volume was
approximately

~— 90% lower for the HIT group _

ol-h-1-kg-1 protein)

COX Activity

HIT ET

before (PRE) and after (POST) six sessions of high-intensity interval
training (HIT) or continuous moderate-intensity training (ET) over 2 wk.

Gibala et al., J. Physiol, 2006



High-intensity interval training increases
SIRT1 protein content

Pre

rotein content (a.u.)

N S :
ro\’\\\l et Pre Post

Little, et al. J Physiol, 2010
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HIT: cardiovascular improvements

O, consumption (ml-min'-kg')

Cardiac output (L-min')
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Daussin et al., Eur J Appl Physiol, 2007



HIIT improves cardiac structure and function
and reduces liver fat in T2D patients
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HIIT improves cardiac structure and function
and reduces liver fat in T2D patients

The effect of HIT on body composition, blood variables and metabolic control

Parameter Control HOT Adjusted be &\6
Pre Post Within- Pre Post Within- gm%;’ @ .
group p group 0\6 \'\@ '\\'
value val \ a
Body composition \ 6(\ 6 b\
Weight (kg) 90+9 91+10 0.06 90+15 \S\"a @\ 0.027
Fat mass (kg) 356+109 36.0+11.3 036 319+9.3 o\e% 10%\ {] 09 0.08
Fat free mass (kg 543£59 54.7+£57 0.28 0.34 0.72
Visceral adipose tissue (cm’) 159+58 15649 0.21 a\% +80 \\‘ 181 72 0.04* 0.08
Liver fat (%) 7.1+6.8 7.7£69 @g \C 6 R 42+36 0.06 0.01™
Blood variables c©
ALT (L) 34+16 ?(_ 36: 11 30+10 0.02* 0.14
AST (L) 27, 6— \Sﬁ 6\ 27+7 24+6 0.02* 025
ALP (L) 0.09 oo+17 63+16 0.10 0.037
Total cholesterol (mmol/T) 6 {] 9 (\ 609 0.62 4.0£1.0 4.5+1.1 0.15 0.77
Triacylglycerol ( uuno&@ 6(9(@!1 1.2+04 0.12 1.1£0.3 1.2+04 028 0.87
Metabolic control ‘6\
III:.A (@Q 72+0.5 7.4+07 0.07 7.1+£1.0 6.8+09 0.10 0.027
u i 549+59 57.0+7.5 0.06 54.5+10.6 51.3+102 0.09
6 I‘s,-: @ﬂ qe numll 7.0+£1.0 7.6+14 0.03* 0.8+1.6 6.8+1.6 0.87 0.15
0 G(I‘X\mg insulin (pmol/T) 8l.5+46.4 BE+39.5 042 63.5+£39.5 65.5+32.8 0.88 022
? 2 h glucose (mmol1) 11.7£3.1 12.9£27 0.01** 12.5+3.1 11.74£3.1 022 0.021
2 h AUGC 1,366+66 1,544+86 0.01#%* 1,395+81 1,390+87 0.94 0.027
HOMA-IR 1.6+0.9 1.8+08 040 1308 1.4+06 0.94 0.19
HOMA2-B 67.8+31.4 67.0+£373 0.79 68.9+48.6 70.9+49.0 1.00 0.76
HOMA2-S T6.1£33.0 67.3£29.5 0.25 101.7+48.1 98.2+53.8 0.88 0.39

Cassidy et al., Diabetologia, 2016



Attivita Fisica e Diabete: Sommario

e Metodiche di Brain Stimulation: il futuro



(a) Food Craving
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-m- LF
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FCQ-T Score

Time

|Effect of time within group: P=0.073|

Qv
BMI - c©

(€) 40-
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~_ 36
£

5\\\ & \ie 4&43’ Qo" Qo'i Qo“;
?e( Time

|Effect of time within group: P=0.001

(b) 120 - Body weight

\}ﬁf@?of tm'np‘@t\\nogroup P=0.001|
N
>

5.0 1

Leptin *

4.5 1
4.0 1

3.5 1

ng/mL

3.0 1

2.5 1

2.0

Effect of time within group: P=0.002

* log value

Ferrulli et al, Diabetes Obesity Metabolism, 2019
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- SHAM




Ferrulli et al,
Diabetes Obesity Metabolism, 2019
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Transcranial Direct Current Stimulation over
primary motor cortex

Skill Endurance Strength



Baseline
measurement
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sit & reach
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