


 Effect of Exercise training on Dyslipidaemia 

Halbert et al. Eur J Clin Nutr 1999 

aerobic 

resistance 



Effect of three different exercise programs  
on LDL and HDL 

 

Kraus et al, N Engl J Med 2002;347:1483-92 



Effect of exercise training on Lipid profile: HDL  

E. Marquesa, J. Motaa Maturitas. 2009 Apr 6.  

Multicomponent* VS resistance training 

* Multicomponent = endurance and resistance exercises 



Vanhees et al,  EJPC, 19(5):1005-1033 



Vanhees et al,  EJPC, 19(5):1005-1033 





Exercise Capacity and Mortality in Hypertensive Men  
With and Without Additional Risk Factors 

Kokkinos P. et al., Am Heart J. 2009 



Cumulative survival for individuals  
>60 years of age 

Cumulative survival for individuals  
����\HDUV�RI�DJH 

Exercise Capacity and All-Cause 
Mortality 

in Prehypertensive Men 

Kokkinos P. et al., Am J Hypertens. 2009 

-> A strong, inverse and graded association between exercise capacity and all-cause mortality.  
-> More protective effects of increased fitness in younger individuals  
 Æ age should be more closely considered when assessing fitness and mortality relationships. 



Net-training induced changes in BP after 
dynamic aerobic endurance training. 

 Meta-analysis by Cornelissen et al. Hypertension 2005 



 
THE IMPACT OF DYNAMIC RESISTANCE 
TRAINING ON BLOOD PRESSURE AND 

OTHER CARDIOVASCULAR RISK FACTORS: 
A META-ANALYSIS OF RANDOMIZED 

CONTROLLED TRIALS 

Cornelissen V, Fagard R, Coeckelberghs E, Vanhees L. Hypertens 2011; 66(4): 1577-85 



Systolic Blood Pressure 

Cornelissen V, Fagard R, 
Coeckelberghs E, Vanhees L. 

Hypertens 2011; 66(4): 1577-85 



Diastolic Blood Pressure 

Cornelissen V, Fagard R, 
Coeckelberghs E, Vanhees L. 

Hypertens 2011; 66(4): 1577-85 



Comparison of Cardioprotective Benefits of Vigorous Versus 
Moderate Intensity Aerobic Exercise: effect of exercise intensity 

on blood pressure 

Swain and Franklin; Am J Cardiol, 2006 



Vanhees et al,  EJPC, 19(5):1005-1033 



Effects of different kinds of physical activity  
and exercise training  

On Cardiovascular Risk Factors 

1. Blood Lipids 

2. Insuline / Blood Glucose 

3. Obesity / Weight 

4. Blood Pressure 

5. Multiple Risk Factors 

 
 

 
 
 

 
 
 





Metabolic syndrome ± Waist circumference 

Pattyn et al, Sports Med (2013), 43:121-132   



Metabolic syndrome ± SBP 

Pattyn et al, Sports Med (2013), 43:121-132   



Metabolic syndrome ± DBP 

Pattyn et al, Sports Med (2013), 43:121-132   



Metabolic syndrome ± HDL  

Pattyn et al, Sports Med (2013), 43:121-132   



Metabolic syndrome ± plasma Glucose 

Pattyn et al, Sports Med (2013), 43:121-132   





Physical fitness matters more than physical activity in 
controlling cardiovascular disease risk factors. 

Physical 
activity 

Metabolic 
syndrome/ CV 

disease 

Fitness 

B. Sassen, V. Cornelissen, H. Kiers, H.Wittink, G. Kok, L. Vanhees , EJCPR, 2009. 

Improving outcomes with exercise: fitness or risk factors? 



Physical fitness matters more than physical activity in 
controlling cardiovascular disease risk factors 

         Sassen et al, 2009 



Sassen et al, 2009 

Physical fitness matters more than physical activity 
incontrolling cardiovascular disease risk factors 
      



Recommendations from the EACPR: Part III 



Diminished Physiologic Fitness Reserve 

N= 131; Cyclo Ergometer Test Ivey FM, 2006 

CHF 

ADL 

CAD 



Distribution of relative changes in peak VO2 (%) 
(N=1909) 

 

Vanhees et al, Eur J Cardiovasc Prevention Rehab, 2004; 11(4):304-12 
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Determinants of Training effect in CAD 

Vanhees et al. Eur J Cardiovasc Prev Rehabil 2004,11:304-312 



Determinants of Training effect in CAD 

Vanhees et al. Eur J Cardiovasc Prev Rehabil 2004,11:304-312 



Possible additional 
determinants 

� Other variables: 
- Respiratory function 
- Cardiovascular sub-phenotypes: 

vasodilatation (see later) 
� Autonomic function 
� Endothelial function 
� RAAS  
� « 

- Muscle structure and function (see later) 
- Genetics 

 

 
 



Genetic Determinants:The genetic basis of 
VO2max and change by training 

Bouchard et al, 1990, 1992 

� The genetic contribution to aerobic power is estimated to 
be 50% to 66%.  

� The response of aerobic power to physical training has 
also been shown to be strongly genotype-dependent 
with a genetic component of 47% 



Endothelial function Æ flow-mediated 
dilation (FMD) 
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+37% 
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GPS 0.42*** 4.32 

pdFMD(%) 0.26** 0.09 

pdHRV(%) 0.18* 0.18 

Training frequency 

(n/week) 

0.22* 6.61 

Training intensity ( %) 0.23** 0.27 

CABG1 0.22** 5.84 

  R2=0.35   

Onkelinx et al.  2013 

GPS= genetic predisposition scores 
pdFMD =  relative change in FMD; 
pdHRV = relative change in TP of HRV;  
*P<0.05; **P<0.01;***P>0.001;  
1 Presence of CABG was encoded as 1, otherwise 0;  

 

Significant partial correlation coefficients and parameter 
estimates  of relative changes in VO2peak (%) 



Muscular function 

 



� Muscle strength: 
- Handgrip force 
- Isometric knee extension 
- Isokinetic knee flexion /  
-  extension at different speeds 
-  (60° - 120° - 180° - 240°/sec) 

� Muscle mass 
- M.Quadriceps diameter  
 (rectus femoralis) 

Skeletal muscle strength  
 



Acta Cardiol 2012; 67(4): 399-406 



Thomaes et al. Acta Cardiol 2012; 67(4): 399-406 



GPS muscular 613¶V 

Thomaes et al, 2013; Med Sci & Exercise 
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P<0.0001 



Determinants of Training effect in CAD 

Vanhees et al. Eur J Cardiovasc Prev Rehabil 2004,11:304-312 



 



 



Aerobic Interval Training (AIT) versus  
Moderate Continuous Training  (MCT)  

in CAD 



Fitt+-principle to describe exercise 
training characteristcs 

Frequency  (n sessions/week) 

Intensity (%VO2 peak or % peak HR or %HRR) 

Time (duration of exercise/session/programme) 

Type (endurance -running, cycling, rowing, walking, 
swimming,....- resistance training ± flexibility ± balance - 
«� 

+ Mode of training: *isometric - isotonic 
           *dynamic  - static 

                        *continuous ± interval 
              *large or small muscular groups 
     



Mode of exercise training: aerobic interval 
training versus moderate continuous 

training in CAD 
Rognmo (2004): Eur J Cardiovasc Prev Rehab 11:216±222 
 



Aerobic Interval Training (AIT) versus 
Moderate Continuous Training (MCT) in CAD 

Moholdt, Am Heart J 2009;158:1031-7 



Aerobic interval training is superior to 
moderate continuous training in CHF 

Wisloff et al, Circulation. 2007 



AIT versus MCT 



Results: primary outcome 

PeakVO2 (ml/kg/min) 
 
 
 
 
 
 
 



Results: secondary outcomes 

Body weight 
 



Results: primary outcome 

� AIT group 
20,4 ml/kg/min   Æ  25,0 ml/kg/min  + 20,2% 
 
� MCT group 
20,8 ml/kg/min   Æ   23,1 ml/kg/min + 13,2%  



Change in exercise capacity in 4140 CV 
patients after 3 months of CR 

Vanhees et al, unpublished data, 2014 

Average increase + 26% 



AIT versus MCT 



Saintex-CAD study 



Saintex-CAD study 

 



Saintex-CAD study 



Saintex-CAD study 



Saintex-CAD study 



Saintex-CAD: Data at peak 
exercise 
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**   p<0.01 
*** p<0.001 

NS 
NS 

*** 

SAINTEX-CAD TRIAL 



 

Saintex-CAD study 



Saintex-CAD: Data at peak exercise 



Trainingseffect bij 3035 CAD patiënten  

deltaVO2 (mL/min) deltaVO2 (%)
Responders Q1 < 184 < 11,9
Responders Q2 ηͳͺͶ����δ�͵Ͷͻ ηͳͳǡͻ����δ�ʹʹǡͲ
Responders Q3 η͵Ͷͻ�����δ�ͷ͵͸ ηʹʹǡͲ�����δ�͵Ͷǡ͸
Responders Q4 η�ͷ͵͸ η�͵Ͷǡ͸

Table 2. Limits of Responders Quartiles in deltaVO2

Average increase + 26% 

Vanhees et al, unpublished data, 2014 



Importance of training intensity 
Vanhees et al, unpublished data, 2014 



Cardiac Rehabilitation ±KU Leuven 

 





Exercise is 
medicine 

Yes, we do have different pills and dosages  
in exercise medicine!  

Conclusion 



Exercise is 
medicine 

Yes, the beneficial effects are maintained when patients 
continue to exercise and to increase their physical activity 

pattern.  

Conclusion 



Recommendations from the EACPR: Part III 



 
Cardiovascular and Respiratory 

Rehabilitation Research Unit 

Thanks for your attention! 


