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• In Italia, sono oltre 21 milioni e 400 mila
coloro che dichiarano di non praticare sport 
né attività fisica (38,4% della popolazione).

• l’Italia si colloca al primo posto tra le nazioni 
europee con il più alto tasso di adolescenti 
insufficientemente attivi (91,8%).

• l’insieme delle ore di educazione fisica a 
scuola pone l’Italia tra gli ultimi posti nelle 
graduatorie europee.

Inattività fisica
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Physical Activity Advice Only or Structured Exercise Training and Association 
With HbA1c Levels in Type 2 Diabetes

JAMA. 2011;305(17):1790-1799
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Attività Fisica e Diabete: Sommario

• Sport Aerobici ed Anaerobici
– Indicazioni delle linee guida
– Basi Molecolari ed Efficacia

• Insulino resistenza (tipo 2)
• Infiammazione ed autoimmunità (tipo 1)

• High Intensity Interval Training (HIIT)
– Indicazioni
– Basi Molecolari ed Efficacia

• Metodiche di Brain Stimulation: il futuro
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Physical Activity: 
Historical position stands
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ISPAD Clinical Practice Consensus Guidelines 2018: Exercise in children and adolescents with diabetes, Volume: 19, Issue: S27, Pages: 205-226

Different types of exercise affect
Glucose levels

Diapositiva preparata da LIVIO LUZI e ceduta alla Società Italiana di Diabetologia. 

Per ric
evere la versione originale si prega di scrivere a siditalia@siditalia.it



0

1

Energy Expenditure of Physical Activity
En

er
gy

 E
xp

en
di

tu
re

 (k
ca

l/h
)

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

All out competitive sports

Running 10 mph

Running 6 mph
Climbing stairs

Sexual intercourse
Gardening

Walking 4 mph
Bicycling

Walking 2 mph
Chewing gum (11 kcal/h)

400

600

1000

200

800

1200

Diapositiva preparata da LIVIO LUZI e ceduta alla Società Italiana di Diabetologia. 

Per ric
evere la versione originale si prega di scrivere a siditalia@siditalia.it



Attività Fisica e Diabete: Sommario

• Sport Aerobici ed Anaerobici
– Indicazioni delle linee guida
– Basi Molecolari ed Efficacia

• Insulino resistenza (tipo 2)
• Infiammazione ed autoimmunità (tipo 1)

• High Intensity Interval Training (HIIT)
– Indicazioni
– Basi Molecolari ed Efficacia

• Metodiche di Brain Stimulation: il futuro
Diapositiva preparata da LIVIO LUZI e ceduta alla Società Italiana di Diabetologia. 

Per ric
evere la versione originale si prega di scrivere a siditalia@siditalia.it



Codella, Luzi , Il Diabete, 2017 
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Parker et al., 
Front. Endocrinol., 2017 
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Exercise is the «polypill»

Fiuza-Luces C et al. Physiology 2013;28:330-358
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DIABETE DI TIPO 2
Tipi di allenamento e Insulino-Resistenza
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Effect of Exercise Training

Kahn et al., AJP 1990

after exercise 
training
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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 

Carmen Fiuza-Luces et al., Physiology 2013
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Exercise is the «polypill»

Fiuza-Luces C et al. Physiology, 2013
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Insulin Resistance and Irisin

Benedini et al, J Diab Res, 2017
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Benedini et al, J Diab Res, 2017
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Diabetes Prevention Program

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

N Engl J Med, 2002
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Metformin prevents damages of
sedentariness

study protocol H2O
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Senesi et al, J Diabetes Res, 2016
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Metformin prevents damages of
sedentariness

(Calvo J et al., JAP 2008)

submaximal incremental test

- muscular performance 
- exercise capacity

to assess

Senesi et al, J Diabetes Res, 2016
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Senesi et al, J Diabetes Res, 2016

Metformin improved
muscular capacity
despite
sedentariness
and aging
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DIABETE DI TIPO 1

Effetto dell’allenamento su 
Infiammazione ed Autoimmunità

Diapositiva preparata da LIVIO LUZI e ceduta alla Società Italiana di Diabetologia. 

Per ric
evere la versione originale si prega di scrivere a siditalia@siditalia.it



Exercise is the «polypill»

Fiuza-Luces C et al. Physiology, 2013
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Galassetti et al, Comprehensive Physiol, 2013
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Codella et al. Acta Diabetol, 2017
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HIGH INTENSIT INTERVAL TRAINING
(HIIT)
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Variabili  di un 
protocollo HIIT
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Graphical representation of a typical 
HIIT protocol 

Monique E. Francois, and Jonathan P. Little. Diabetes Spectrum, 2015
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Thibault G. IAAF New Studies in Athletics, 2003
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Low-volume HIIT leads to rapid improvements in glucose 
control in individuals with type 2 diabetes 

Monique E. Francois, and Jonathan P. Little. Diabetes Spectr, 2015
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Little et al, Amer J Physiol, 2011 

Glicemia post HIIT
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Tjønna et al.,Circulation 118, 2008
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Variazione della concentrazione 
dell’insulina a digiuno

Trapp et al., Int. J. Obes., 2008

steady state exercise

high intensity interval training

control
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Cascata di segnali che promuovono la biogenesi mitocondriale 
nel muscolo scheletrico in risposta all’HIIT

Negri et al., Sport&Medicina, 2015
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Laursen PB et al. Scand J Med Sci Sports, 2010
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Findings from HIIT studies in sedentary and recreationally active individuals

Laursen PB et al., Sports Med, 2002
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HIIT – SKELETAL MUSCLE
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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)

Gibala MJ et al. Exe Sport Scie Rev, 2008
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High-intensity interval training increases
GLUT4 protein content

Little et al., J Physiol, 2010
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Molecular responses to high-
intensity interval exercise

Phosphorylated AMPKa1, AMPKa2, p38 MAPK, and CaMKII
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
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mRNA expression and protein content of PGC-1α
at rest and 3 h after an acute session of high-intensity interval exercise

* p < 0.05 vs. rest

PGC-1α content in human 
skeletal muscle

Gibala et al, J. Appl. Physiol, 2009
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PGC-1α content in human skeletal muscle

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

total exercise volume was
approximately

90% lower for the HIT group

Burgomaster KA et al, J. Appl. Physiol, 2006.
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Pyruvate dehydrogenase content in human
skeletal muscle

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

total exercise volume was
approximately

90% lower for the HIT group

Burgomaster KA et al., J. Appl. Physiol, 2006.
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Low-volume high-intensity interval training 
induces mitochondrial biogenesis in human

skeletal muscle

Maximal activity of mitochondrial enzyme
citrate synthase (CS) 

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

(post) interval training

Protein content of CS 
before (pre) and after (post) interval training

(2 weeks, 6 sessions of high intensity cycling)

Little et al. J Physiol , 2010
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High-intensity interval
training increases activity

and content of the 
mitochondrial enzyme
cytochrome C oxidase

Little et al., J Physiol, 2010
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Increased maximal activity of 
cytochrome C oxidase (COX)

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

total exercise volume was
approximately

90% lower for the HIT group

Gibala et al., J. Physiol, 2006
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High-intensity interval training increases
SIRT1 protein content

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

Continuous (CT) and 
Interval training (IT) 
effects (2 months)

on sedentary subjects

Daussin et al., Eur J Appl Physiol, 2007
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HIIT improves cardiac structure and function
and reduces liver fat in T2D patients

Cassidy et al., Diabetologia, 2016 
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Ferrulli et al, Diabetes Obesity Metabolism, 2019
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Ferrulli et al, 
Diabetes Obesity Metabolism, 2019
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Transcranial Direct Current Stimulation over
primary motor cortex

dopamine

+13%+2%

1.4-2mA 
x 20-25’

Skill Endurance Strength
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