
Exercise TrainingExercise TrainingExercise TrainingExercise Training
Exercise training induces many Exercise training induces many 

physiological changes that make a 
conditioned individual more conditioned individual more 
efficient and better able to deliver 
and use the oxigen and nutrients  and use the oxigen and nutrients  
and resist fatigue.

The conditioning effect also offers 
some protection against 
cardiovascular mortality and 
enhances ability to perform 
activities af daily living.
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Dynamic and static exertionDynamic and static exertion
Dynamic or isotonic activity: physical 

exertion characterized by exertion characterized by 
rhytmic,repetitive  movements of 
large muscle groupslarge muscle groups

Isometric or static activity: physical 
ti  h t i d b  t i d exertion characterized by sustained 

muscle contraction against a fixed 
l d  i t  ith  h  load or resistance with non change 
in length of the involved muscle 

  j i t ti  group or joint motion 





What about resistance What about resistance What about resistance What about resistance 
training?training?training?training?



Acute static exercise and the blood pressure Acute static exercise and the blood pressure 
responseresponseresponseresponse

Acute static exercise increase both Systolic and Acute static exercise increase both Systolic and yy
Diastolic  pressure……Diastolic  pressure……

….. due to the Valsalva maneuver,pressor reflexs from ….. due to the Valsalva maneuver,pressor reflexs from 
tendoms stretching  and compression of  arteries  tendoms stretching  and compression of  arteries  

by contracting muscles…..by contracting muscles…..

……the intraabdominal pressure is simultaneusly  increased……the intraabdominal pressure is simultaneusly  increased
and this is immediatly trasmitted to the cerebrospinal fluid and this is immediatly trasmitted to the cerebrospinal fluid 

through the intervetebral foramina:the transmural through the intervetebral foramina:the transmural 
pressure across cerebral vessels is reduced and protectspressure across cerebral vessels is reduced and protects

the cerebral vessels from acute damagethe cerebral vessels from acute damagethe cerebral vessels from acute damage.the cerebral vessels from acute damage.
Chintanadilok.J,Lowenthal.DT Exercise and Sport Cardiology 2003Chintanadilok.J,Lowenthal.DT Exercise and Sport Cardiology 2003



Acute static exercise and the blood pressure responseAcute static exercise and the blood pressure response

During heavy weightlifting with Valsalva maneuver,During heavy weightlifting with Valsalva maneuver,
The pressor reflexs is extremely exaggerated butThe pressor reflexs is extremely exaggerated but

may be dramatically reduced when the exercise is performed may be dramatically reduced when the exercise is performed 
with an open glottis or slow exalationwith an open glottis or slow exalation

With Valsalva With Valsalva Without Valsalva Without Valsalva With Valsalva With Valsalva 
311/284 mmHg311/284 mmHg

Without Valsalva Without Valsalva 
198/175 mmHg198/175 mmHg

Chintanadilok.J,Lowenthal.DT Exercise and Sport cardiology 2003Chintanadilok.J,Lowenthal.DT Exercise and Sport cardiology 2003



Resistance E ercise in Indi id als ith and Resistance E ercise in Indi id als ith and Resistance Exercise in Individuals with and Resistance Exercise in Individuals with and 
without Cardiovascular Diseasewithout Cardiovascular Diseasewithout Cardiovascular Diseasewithout Cardiovascular Disease

Benefits,rationale,safety and prescriptionBenefits,rationale,safety and prescription

An advisory from the committee on exercise An advisory from the committee on exercise An advisory from the committee on exercise An advisory from the committee on exercise 
rehabilitation and  prevention,Council on Clinical rehabilitation and  prevention,Council on Clinical 

Cardiology American Heart AssociationCardiology American Heart AssociationCardiology,American Heart AssociationCardiology,American Heart Association

Position paper endorsed by ACSMPosition paper endorsed by ACSMPosition paper endorsed by ACSMPosition paper endorsed by ACSM

Ci l ti   2000 101 828Ci l ti   2000 101 828Circulation  2000;101:828Circulation  2000;101:828



Comparison of effects of aerobic Comparison of effects of aerobic 
training with strength training on training with strength training on 

health and fitness variableshealth and fitness variableshealth and fitness variableshealth and fitness variables
Variable             Aerobic ex.            Resistance ex.Variable             Aerobic ex.            Resistance ex.

Bone mineral density              Bone mineral density              ↑↑ ↑↑ ↑↑ ↑↑
Body compositionBody composition

% F t% F t ↓↓↓↓ ↓↓% Fat                                       % Fat                                       ↓↓↓↓ ↓↓
LBM                                          LBM                                          -- ↑↑↑↑

Strength                                       Strength                                       -- ↑↑↑↑↑↑
↓↓ ↓↓Basal insulin levels                   Basal insulin levels                   ↓↓ ↓↓

Insulin sensivity                        Insulin sensivity                        ↑↑↑↑ ↑↑↑↑
HDL                                             HDL                                             ↑↑-- ↑↑ --
LDL                                              LDL                                              ↓↓-- ↓↓ --
Blood pressure                          Blood pressure                          
VO2 maxVO2 max ↑↑↑↑ ↑↑--VO2 max                                    VO2 max                                    ↑↑↑↑ ↑↑
Basal metabolism                      Basal metabolism                      ↑↑ ↑↑ ↑↑



Circuit weight training in borderline Circuit weight training in borderline 
h t i bj th t i bj thypertensive subjectshypertensive subjects

Subjects :  26 males with BL hypertension (140/90 Subjects :  26 males with BL hypertension (140/90 -- 160/95 mmHg)160/95 mmHg)j y (j y ( g)g)
Exercise program: 9 weeks partecipation in circuit weight trainingExercise program: 9 weeks partecipation in circuit weight training
Results                                 Pre                             Post         Results                                 Pre                             Post         

♥♥ Upper and lower body strength                          + 12,5%  and + 53% Upper and lower body strength                          + 12,5%  and + 53% **
♥♥ Lean body mass                        64 Kg                      65,4 Kg = 2,2% Lean body mass                        64 Kg                      65,4 Kg = 2,2% **

♥♥ Arm ergometry VO2 max    1,9 L x min Arm ergometry VO2 max    1,9 L x min --1        2,3 L x min 1        2,3 L x min --1 = +21,1% 1 = +21,1% **
♥♥ Treadmill VO2 max   40,9 ml x Kg x min   44,1 ml x Kg x min = + 7,8% Treadmill VO2 max   40,9 ml x Kg x min   44,1 ml x Kg x min = + 7,8% **

♥♥ Diastolic blood pressureDiastolic blood pressure 95,8 mmHg                    91,3 mmHg95,8 mmHg                    91,3 mmHg **
♥♥ Sistolic blood pressureSistolic blood pressure no difference                      no difference                      * p<0,05* p<0,05pp p ,p ,

Circuit weigth training does not exacerbate resting or Circuit weigth training does not exacerbate resting or 
exercise blood pressure and may have beneficial effectsexercise blood pressure and may have beneficial effects

Med Sci Sports Exerc 01Med Sci Sports Exerc 01--Jun 1987; 19(3):246Jun 1987; 19(3):246--5252
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Hypertrophy-Hyperplasia

• Hyperplasia constitutes an • Hyperplasia constitutes an 
increase in the number of cells in 

   ti  hi h  th  an organ or tissue, which may then 
have increased volume.

• Hypertrophy refers to an increase 
in the size of cells and  with such in the size of cells and, with such 
change, an increase in the size of 
the organthe organ



M di l H t hM di l H t hMyocardial HypertrophyMyocardial Hypertrophy

Due to physical stimuliDue to physical stimuli
volume overloadvolume overloadvolume overloadvolume overload
pressure overloadpressure overload

Due to hormonal chemical Due to hormonal chemical 
stimulistimuli
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Factors promoting Cardiac hypertrophyFactors promoting Cardiac hypertrophyacto s p o ot g Ca d ac ype t op yacto s p o ot g Ca d ac ype t op y
Mechanical Force
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Adaptation of the Heart toAdaptation of the Heart to
Exercise Training



Development of Myocardial Development of Myocardial Development of Myocardial Development of Myocardial 
HypertrophyHypertrophy

Volume OverloadVolume OverloadPressure OverloadPressure Overload Volume OverloadVolume Overload

Increased parietal Increased parietal 

Pressure OverloadPressure Overload

Increased parietal Increased parietal 
diastolic stressdiastolic stress

Addition of sarcomerAddition of sarcomer

systolic stresssystolic stress

Addition of sarcomerAddition of sarcomer Collagen Addition of sarcomer Addition of sarcomer 
in seriesin series

I h b iI h b i

Addition of sarcomerAddition of sarcomer
in parallelin parallel

I ll thi kI ll thi k Increase chamber sizeIncrease chamber size

Eccentric HypertrophyEccentric Hypertrophy

Increase wall thicknessIncrease wall thickness

Concentric HypertrophyConcentric Hypertrophy yp p yyp p yyp p yyp p y



Effects of exercise on cardiac Effects of exercise on cardiac 
structure and functionstructure and function

Exercise (IsometricExercise (Isometric--Isotonic)Isotonic)

Overload Volume/pressureOverload Volume/pressure

MyociteMyocite
HypertrophyHypertrophy

AdeguateAdeguate
Capillary Capillary 
DensityDensityyp p yyp p y DensityDensity

Cardiac remodellingCardiac remodelling
Increase contrattilityIncrease contrattility

Athl ti  H tAthl ti  H t

yy

Athletic HeartAthletic Heart
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Echo & Left Ventricular Mass Echo & Left Ventricular Mass Echo & Left Ventricular Mass Echo & Left Ventricular Mass 



C l l ti  f LV MC l l ti  f LV MCalculation of LV MCalculation of LV M

LVM(gr) =0,80x1,05x  (IVS+PWT+LVID)3-LVID  3



Anatomical Section Through Anatomical Section Through gg
the Short Axis of Left Ventriclethe Short Axis of Left Ventricle



Short Axis View of Left Ventricle Short Axis View of Left Ventricle 
in Normal Subjectin Normal Subject



Short Axis View of L V in AthleteShort Axis View of L V in AthleteShort Axis View of L V in AthleteShort Axis View of L V in Athlete
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Athlete’s  HeartAthlete’s  HeartAthlete s  HeartAthlete s  Heart

•• Adeguate HypertrophyAdeguate HypertrophyAdeguate HypertrophyAdeguate Hypertrophy
•• Normal Systolic FunctionNormal Systolic Function
•• Normal Diastolic Function Normal Diastolic Function 

R ibilitR ibilit•• ReversibilityReversibility
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Hypertrophy Modulating Hypertrophy Modulating Hypertrophy Modulating Hypertrophy Modulating 
FactorsFactorsFactorsFactors

1.1. AgeAge
22 G dG d2.2. GenderGender
33 Type of stimulusType of stimulus3.3. Type of stimulusType of stimulus
4.4. Genetic heritageGenetic heritagegg

AMSAMSAMSAMS



ConclusionsConclusions

•• Our data suggest that exercise induces Our data suggest that exercise induces 
 h i l i l l ft t i l   h i l i l l ft t i l  a physiological left ventricular a physiological left ventricular 

hypertrophy in sportive population.              hypertrophy in sportive population.              
•• This hypertrophy becomes evident after This hypertrophy becomes evident after 

sexual maturation was achievedsexual maturation was achievedsexual maturation was achieved.sexual maturation was achieved.
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La scelta dello sport è La scelta dello sport è La scelta dello sport è La scelta dello sport è 
geneticamente determinata?geneticamente determinata?gg

Association of angiotensinAssociation of angiotensin--converting enzyme gene I/Dconverting enzyme gene I/D
l hi  ith h  i  l ft t i l   il hi  ith h  i  l ft t i l   i

CRMSCRMS

polymorphism with change in left ventricular mass inpolymorphism with change in left ventricular mass in
response to physical trainingresponse to physical training

Montgomery H, Clarkson P et al
Circulation 1997 96: 741-747) CRMSCRMSCirculation 1997, 96: 741-747)
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Left Coronary in AthleteLeft Coronary in AthleteLeft Coronary in AthleteLeft Coronary in Athlete



Ri th C  i  Athl tRi th C  i  Athl tRigth Coronary in AthleteRigth Coronary in Athlete



C di  Ad t ti  t  E iC di  Ad t ti  t  E iCardiac Adaptation to ExerciseCardiac Adaptation to Exercise
chronicchronicchronicchronic

FunctionalFunctionalFunctionalFunctional
Heart RateHeart Rate



Cardiovascular  Response to Acute Cardiovascular  Response to Acute 
Exercise in trained subjectsExercise in trained subjectsExercise in trained subjectsExercise in trained subjects

H.R. b/min Cycloergometer

RRecovery




